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Chapter-1 Introduction to HVAC Control System
() oj=eess(chapter)ogE control 0pogSEN 226[gd 206ooIEP:gP:n? Gedlgoozaopdi
(9) =090006[opE HVAC $& ACMV system gp:og€ control cooq§ 860500z
(0) Control product gps 03:000500 $& 65005$208E: spoyd: 0303 Gudlgaon:aodi
(20) Control system gpsog€ Alo€a0od control loop gps $& block gp: 0568000500303 §&4g
OOO:ODéII
(c) Control loop qpsogE saadigicon:a0pd control strategy qpssE algorithm qps aBcopds cudlg
00220005
Study Objectives
o32082(chapter)od 050003 eepan(Bies005
(02) HVAC system qpsop€ control system o§efgd a3
(9) Open loop control $& closed loop control of o3[gps [gpessd
(0) Two-position | floating $& modulating control loop gp: 320060p6S
(20) Modulation control loop qpzogE Proportional (P) Integral (I) ¢ Derivative (D) control
action qpz 320060060 $& control loop 028903 tune OO
(c) Direct action $& Reverse action 0303[gsd
(©) Normally Open(NO) $& Normally Closed(NC) o3 o3[gp:d
(s0) Controller 028900p5:083000 sa0ddgg) controlled device qps sequence (eSS 0303 snz0pd
2060600508665 [gdopS

0.0 200056fo3p¢ Control System gp: c3=500505:?
006s, $pd10peecd(30pt gsbodel mogp: 8¢) sasolalyegpeg(convenient)cogs efficient
[509§1 20056000E 0005000 (comfortable)gdq$ $¢ effective [gdg$03320305 control $p5:0p005& control
system gz c3360005
1-1



HVAC Controls and Building Automation Systems GomEs005038

[g€omeaefgzacs (condition)sEare§iopEiencdoopdssalgaeesqpialgpEidaopdsadad equipment
qpsel pdesoqodyp: cdodeagpoBeoy [gbeogSaac305 control qpon Geodlgadeusaopdi Equipment
qp2 38 comCigSed cvdesmtaeng§aopds control gpion 6eorEgoSE0s0RdI

Control  aB20p5¢n  cood§zacfgeacs(current  input)qpsod  eegfogod@:(monitor  cpo(Br)
o3§oon(output device)gqpsaBad  output gp: cocSeosg F203§aopd Ieefgmacs 32038{gbezNE
aB8:c0s(regulate)[gs [gdo00n

poed-550508:3§§ c0Ceqqpoopdsadl 620§803 cLd[goddl: 308§00d I FEqesnt
66pa0560:20p00072 $E 6qES2:000560800pT:03 CLNd(gEappdom control cvS[gE:og [gdaopS

6§205000) 0009eD 2eedC:0pdFR4l [4S55(ySEQ0d(speedometer)o? [03056] 832038000

[4555:qee0E Bun(accelerator)od efgeccnodlyé §Seoq Beodgl: [gdaopdi o powd Fd0pd
closed-loop manual control qpslgdlo3o0pdn Manual a320p5¢n (controller a3wwpad control loop o3

00o%:93) pad0SaBEamn controller 33(gd ceongodeuses(gl: [§620pbn cpan(operator) vpda0pd control
action [gjopd qepda’ eddgodom esontgadesgt: [gdoopd

Closed-loop &320p5¢n control action ¢ feedback [gSope) control cpd[gts [gdoopdi 208
6e008g05c8052005 control action 208ee008gedadn5o0pd control action elogp& process 93ewrod

plant © ©pda338 [gScopde) 03gsa0p5a3 feedback =a[gd [gSops) control cpd[gE:ad 8cdaogdi
3200050 powdgpogt feedback sa[gd GqEES0d CLASGE ©6:00[Es 88 =03§oodd [S55:0d
GepodI 0eePaS3 [4555y8Eg05(speedometer)o? co&mpd[gts o3fgdoopd

320000¢) 208072038 [4855:03 350880003 0382002288000 cruise control dogi€ &3 control o3
automatic control vp 200560568l 83a0p5i Automatic control 8320p5¢n 208 03uSA3E [gredesmnEgad

(manual)qepd control action gpzod a0&a3uden: [gapdeosepd controller [4& control cpd[gs [gdoopd

co€omseil cruise control panel 0 2083a08§000d [gS55:03 copdoglsBe “set” ©0pSad
860805200558 00dgEs05 cruise controller 20p5 odgSgiod con[rodBe(monitor crdes:) 8o
(accelerator)od c3o0c §Sso(adjust) coesd6epdn co€aandeonn [§$55: (desired speed)o? control
edlomeedgé “Set Point” vreslaopdi Controller ¢ control loop 205 83[Gonés set point oBowpcd

co€mpcd§eon(ygSssi(desired speed)o’ qfesat [Bponiesadepdi Cruise control system 20pd 20
2005005002:600 (5582 (set point)od 2080005 doBoggn AB8eicon:§Egd: §oopSad cogqrddupdi
:00deopéadendd c08aopd omigSssi(speed) 069000503000 BE:qSm0305 :[Foobs 33§85
658886 vurcdeamelopE (&b

Automatic control gp:o} ogi§603 22930 Zaclopin 2acd§eoogoS(desire result)
02bgoopdindons qqfecged afFelqod [ogpdqlf: B5:a3Giesah adbeffat Bl safigrebesaf
0g&:8E[g8: $E [Bragan[gEs 3elopE [gdoopd

HVAC $¢ refrigeration system qpseil control 00p5 ogi§603 omseensapdaad] odsaopd control

$C 208000001 omsg§§Ss(speed)od 03004 espdicol oypiead GoniaagePdMEieaNt Gedtsoorod
HVAC system a0p5 dry bulb 32088 (temperature)od cogps 2005600000500 (comfort) [gdeowpd

204890656308 H[gadSicosooniqepdn 9Beodd  GodmagepuSmEigy  ewlislafeaogad (9SS
(speed) 026900054gE ©adEA05200393 thermal comfort [46g$320305c0p5: 320§ (temperature)
006900p5g¢ vqdtoun consaagepuSmEign cunlsqf [g55S: (speed)oopd 3a8cnag05(Major factor)
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[§6200398 20056000 2005000 (comfort)[gdq§ 320305c0p5: 320§8 (temperature)oopd 32800 oqEoS

ocn=00R8: [§§5544Ce3nE vi[gts comEadad curioncdgst 3a0gs erapd LgRbigps
omizjgedooudeanntgl: 0oopd cddlondiparn [gded8Ea000 pefgmacs gp:d peak power output
BB oy$a:§Sqpiog 3c3§o0pd [gsS:(speed)qfes Swo(accelerator)od  s&:) 3EqEAd
(output)o? c82008 control pS2000n HVAC system gpzScopds ad3aopol [gbo0pdn Peak cooling load
a3e0pod heating load g3 0068looddeomn 326G oySsaqiSqpiogt comfortable [gdeog$ cvod§
2S¢ [gdedlesaopd (actual) cooling/ heat load qpzsé 0305082005 system output cocdeos
65630 control cod[gEegdaopd

HVAC system gp:§ manual control esepogE automatic control [g& so0:0d: 2a0ddy) §0pd
;elopsen automatic control o3& eenlsop(operator)os 33Ge[god eonllo3dd  Bseuieses
ocdeomelopé Fa0pda0we(operator cost) 200500020051 23(g cobopoday|(consistent) 2005 §eVSA?
60:8E20001 System 00d9d:el g&ee0nEqpd(performance)copds 38 comgseo §Ea0pd

HVAC system qp:cag€ control o3 3209dgiq20pd 280 6pbgudqoden facility sac3Esq) process
Q2320305 20&ergpeodn environment Qs 20g05[gd0pdN 22680005358 320385 cwgp:(building’s
occupants)seoR0d  32033632:g[000000  GHepadCats(thermal comfort) [gdeoqepdi §oSsqpiancyts
o8cobsqps g&sIgpd pO8Eeoq$ (productive atmosphere) 320305 thermal comfort [§8$ 32000
eqeadlapn 02:6om05a88qpigE Gwndo0pd $E omadiongpind 8odeslg§ =005 comfortable
environment [g6q§ 300001 0gpSi0005cEeo  ©oS{qPIgE  SCRGIEgP: oS00 000gN
20p008EQS $C c0odMEqPsel 2qp0336a3: 38 comEieog$320305 productive environment (g6 S
Boopdi Geosqp:  $& 06:00008:qpirE Gepdl ©oRcd8EDD esepyp: (9085 Segnigpiod
aBeepadgy 20§08 §65E:000:6000 Bf§| Bodgqo0pd(safe environment) esepapegdes cSsa600p5

HVAC system qps§ coo(air) ¢ eq(water) o3eil eg aqpsg(movement)qpzod 82003 oB8q)d
(regulate)q$sE comfortable environment [§8q$320305 heatingi cooling & humidification source

qpzod B8:qO(regulate)q§ c3sa60005

0065038 Goddang comEsadaoneam control  system gpsel @&sqpS(capability)oodgSen
energy management [gd20pSu Control system 2005 HVAC function qpzo? o[gbecs cpdesont cosepd
:[g€ energy efficient [gdes3E 32000588ed: caonlgndeuiqepdi Goniaagapud mEsgticoae(safety)
20p5 automatic control &1 65705006 3aeegBs0pd function 0od9 [gdoopd Safety function gps 20p5
HVAC equipment qp: 908:5 cpdo€esongpiel 32000530gepudss ogftnee B[ Bodqqeoqs:
equipment gp: oqES8:e0q$ $C equipment gp: 200500669 [oPgROg> Y yfEeoqSeacgnd
[g620p5n Safety control function qpsel powdgpien s0agS[gEs(overheating) $& eqdfgts(freezing) o
olgbeogfemnogad  =pd§lgEonodgls(high temperature) $& sa0p§Soge0C(gts(low temperature)
o[gdeznt mEaoodoongs BsmigEgls(high pressure) $¢ 8320:85[gC:(low pressure) olgbesant
n§o00d0oxgln fuse qpsgE over current protection (current sacg&lgEonoSamgEind omazuSgts)
fire protection $& smoke detection o3 [g6205u

0. J Control cpdsoBgp: 032000500
Automatic control 03¢ ocowads 32ad¥gjeax c3§uxn(device)oopd space heating system opé

A§o0pd bimetallic strip [g520p51 a8 oB§ax(device)aopS 3203§a0pd B (boiler) output qezné
a300pod 3208§00pd combustion rate qesa€ SFiEcwn(boiler)odsk3oS[gE ¢E[gEs combustion air
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damper ¢&[g€s 805[gE: ©o0pdaBgyp: YOeenEa§macgnd control cwSeuopESI BealgE  steam
radiator $C steam heating coil o3& 32034gjoopdn aB3a§§c steam radiator o cod¢[o3ode) CVOS(gE
(manually) &g 8o5[gCsspSdgE control cpd3{ogo0pS

Dr.Andrew Ure 2005 thermostat 03 0008 0Bag€ sa0digdoopdn 0oeg000503¢ thermostat o3
esepyp:gropt :p§ 2oddges(oyed [gdoopd Thermostat o oSsoqps ©2:600005a3EqP:E
3268000528qP:5 3204$ (temperature) o3 control cv6§$320305 Zadi{go30051 Besnod mercury
thermometer ¢ mercury switch o303 08ag€ saaddy| coolpgo0pdn Mercury thermometer o3¢ wrog§
& cocopboyuS[gs(expansion)geloppE contact [gdeoom control cpd[gts [gdoopdi 220§ [gEenscong
elopé oofgfel cpoopd ogudjgocnom contact [gdeofG: agded S:eolicoom complete circuit
[g6c000p5n 00b5pS:amgE contact [gBom aqiEEdLEdE0069 [gBedl copdn dBn3§omod Zacgs
Boggr wéesmeu§eosdoopd:s cdaocd dBS:p3(adjust wO)e) ©q§E20p5 non-adjustable device
[§62055u

Mercury switch 2005 Goo:coSa0pd tube adog€ woogi§(mercury)o? saqpd3a09€[gé copde)
32600805002:000) Ao [§820pb1 BEdeS Boupod dBEEErHB03 contact 3algd I20d4q|

ooo:oaéu

Refrigeration system qpsogC thermostat gp:o eedomogps Genliqéi qOqs 220305
copbieomn omgps(valves) gEqsi 8odq§ 220305 copdieomE:s 3203go0pdN egEmadlon refrigeration
system gpsog€ S:eoliopd refrigerant oedano? manually control cpdjog0p5r Beso0d high side float |
low side float §<§ constant pressure valve(automatic expansion valve) ooaé control device qp:or‘f)
030gEom 3203ggjeonle3oopdn Control  device gps edledlodalol fan Bewrod pump gp: Gedt:qi
q0g§ 93ew0od valve $& damper qps gEqS1 8odqea0g05 agEBsucdrués(electric circuit)o 0odaubs
[gpSesanEapdfgts(Make) 0odewés [godesntapdgés(Break)spdeyé control codlogaopdi

o30gEdlozad§on control device qp:o0pd [gE0wE&3aE ©adzaba0pd(self-powered) o3§uoogp:

[§6/0300p51 Self-powered e820p5¢n control device qp320305 82262005 power o3 [gEoondesep

(external source)e ©opod control cdSe$0pd process ¢ power o3 32034ggE: [§620p01 B
eqrgs: 20050002000 modulating control gp:§gs Bsadcmeomelopé agdodencdemiad ©odiad

compressed air 03 3203gg[o0pd pneumatic control device qps edl édloSaooopdi

Modulating control e30005¢n eenégs qd[gé: aBwupdd Boh[gla ¢E[ge: 0a0p5n3al saaly
;65 (state) $8§goong[gS: ©0p0d93 controlled device 03 32262003 0% ¢ 100 % 2203E:5 §eseolg:
[§62005n pows - valve a8eupod damper o po% gEeseogEs [gboopdi

Pneumatic control gp:00pd analog sajssaenz(modulating)qp: 33(gd §$E2001 Besnad
electron tube edlog&san(Beesn0d analog electronic control device gps 030gE §Ea3[pgoopdn w9
=:9logE analog solid state (semiconductor) device gp:o3 cBag€8E3[gEelopE control pE8&Ea05
function gpicopds 3¢) comEigSamooodi addesond Direct Digital Control (DDC) wpeslaogd digital
control $p5s0poogps 0g&sms 200N

Modern control system &l 326[gd control system sa§jesa00: (§)§ge?

(0) Self-powered controls (G) Analog electronic controls §<§

(J) Electric controls (9 Digital control o3 [g&aop5

() Pneumatic control
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006§ 323%geseo0 control system qp:ogE 32000531 control system sa§maon: (§)903
edIE:00¢) oopSeeonnhood(gls [gbaopdi Hybrid control system v esladdlon 38 eSonsoopdi woeli
009mg$ $C 65280388 epd temperature control system qpsogE saadigicon:a0pd hardware sa§jp3a00:
320:0%20005 0pBeoon control coeomoneps(fundamental principle)o? sae(gds] 02p56e0205 con:200N
0p5380¢ BeomEieant [g[gé dBoglooiden 3a6[gd coeomanep: (fundamental concept)gp: a[gpE:ad
a860p5 wupodeon (ASHRAE publication - Heat and Cold Mastering the Great Indoor ¢ opsop

Geﬁ@:}béu)

Controlled Process
Controller Device Plant To
) Controlled
Input Signal N Variable
b= % — = > >
(set point) 1
—
Sensing
Element
(Feedback)

¢ 0-o Diagram of control loop

2.9 Control Loops

2005905002600 [g§583(speed)ondoapl oBSsq) omsewntiesglgtiaopd control loop codecl
poegbo0di omeifgSssiod Bqf [S5854g3Eg05(speedometer)o? 3203goopdn LA omigSss:
(speed)a0pd 220380005 [gS55:(speed)oood esesaqiE cBun(accelerator)o’ 8sC:d) omxel oYfgseo?
eong[0doopdi ABesn0d omfgSssioopd 200300l [g§5S:(speed)o0nd es: Gseo0IgE B
(accelerator)od 3¢j 85E:00001 Jlgfesaqi€ caqpq) $8:00p51 ofspddge 3088000 [4855: (speed)
qe3nE [9$55493Eg05(speedometer)o? [03004] cBwn(accelerator)o? §&sog) $E:00051

3200050 poenogé 20€a0pd c8un(accelerator)ad wpbgjsiopdi cagpeond ©2005 control
decision o3 addgodom controller 3Bge @e0Egoda0obi Control edlomqgpizeg om: [9S58:
(speed)aopS “Controlled Variable” [9620051 [9§584g8Eg05(speedometer)aopd cood§ [9§55:03
030000005 sensor [gdoopdn [gS58:(speed)od “Control Point” a3eupod “Control Variable” opcopSs
ol 00pbn oe3EqE (engine) 20pd “Process Plant” [g6[Gs c8oo(accelerator)oopd “Controlled Device”

[g2005
$(0-0)a0p5 control system ood9al information qps 32[g$3e00§ ©cRLS[300d schematic d6[gS
eedlgoonzaopdn Control  loop op eslaBqopd maelopCien information gp: oodesepfG: oodesep

(esep3msad: Gepode3Ne) 00586eE GepedgGoEloPE [§6o0pdbi Sensor vpedlaopd [§5554g
§Ego5(speedometer)e controlled variable vpealo0pd [g$55:(speed) aopd controller 0da3 eepod§

agn:00pdi Controller 2005 cwa5§ controlled variable [§62005 [g$58¢ (speed)sé so03§oopd speed set

point $& £E0pdom ompdeepd §8a0pd “control decision”od gec5o00bi Besncd omRSeEd
&80 p8fogpiqod(instruction)o? output s3[gd controlled device [gdoopd accelerator 0628 Jeos
2000 Controlled device (accelerator) ¢on6s0& process plant (car engine)od c320c8 eenseozaodi
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Control loop mac{'?:org& process plant 1 controlled variable 1 controller 1 controlled devicer set

point 1 control point ©20p3 030005 6§elgd doCqepd 32805323E:(essential element)qps [g&[o30005

Set point c Cantroller
Sensor Controlled
Device
-
[
3 5
%‘ Heatin
: Coil .
Supply Air Temperature Air Flow
(Controlled Variable)
Process
Plant)=

c;) o- J Simple heating system

O(0- )05 eeegieg(steam) oBowrdd eqp(hot water) a30upod  oofgpieodn heating source
006§ qpod ods002:00p) heating coil A§oopd air-heating system o0d9cid [g6o0pdn 63220005
eoogpea? fan ¢ godcopdeodBe 3203§aopd set point ZpgSadeepodesnd(qesmE) oBSongs
[020p51 Controlled variable [g620pd supply air sa0pqj$(temperature) o3 sensor oo 03E0p[Gres00d
controller s828 Gaoz0000n

Controller 20p5 sensor o3&:0300:0005 20§& (control point) $¢ 3308§00pbsa0§&(set point)
0303 §E:0ppom error 03 0gaduraopdi “Error” a30000en set point 220§§ $E control point 30§8o3e
35259105 [962025n Controller aop5 error o3 =ac[gde) output signal o3 0gadqiod(G: controlled device
[g020p5 valve @i actuator 0598 Geozo0pbn Actuator 2005 V059§ o0pd signal 3203E: valve opening
position o3 [gbeoom(heating medium flow rate $054gCa qpigE: [gdeo0om) process plant § coil
:038:03 eqp(hot water) a3o0pcd eqegieg(steam)od B:eol:eo00001 ddes00d supply air 2005 coil
BlgodBroopdmadl BqiCoopd 20§53 qdrnd(eepad)ogneoaopdi  esna5oodsl sensor  20pd
information 2200803 c0Gwob0om controller 528 deodd: cycle 35006006903 ©0oE[gS oS ofspddse
3203800pd =ac[geaes(desired output) (86308 cobom 00607 3380056405 [girpdesiogoopd

3200053 poed $8900%:03 system s:isC Ffgr: elgpqedaqC “Feedback Control System”
[020p51 Controlled variable o3 s3[Ge[god sense codes(Ge controller 0528 sae0056[god God(feed)
6$60006[op¢ “Feedback Control System” 030005 “Closed Loop” o 68l a3[gE: [gdaopdi

Controlled device $& process plant 030005 controlled variable ssed sa0fEo005eepd
§Eg8:§o0p5n Controlled variable 02§8:03 sensor o s2[Gelgod controller 0823 oo controller 2095
set point 00§23z $& 8E:005[8¢ output signal o3 controlled device 8823 deozoopdi

Open-loop control system opC controlled variable $& controller o3salogpiogd GBoH§od
soodoguda(direct link) ofeor ddelopé feedback copS:s o§eon Open loop control &1 pow> 069>
sensor 2005 [g€uecuzapd&(outside air temperature)o? controller 333 eozoopSi Controller 25
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outside air temperature oo&9onpSs(feedback o§o3)[gE control valve o oBogg> control cv6§EesE
8&8: [gopboonsaopdn  ofjoownogé  controlled variable [gdoopd supply air temperature o3
03&:0m[gEscopd: o controller 0dad cosgEicopds w§eon Belopé controller 2opS control valve
¢8[g8s Bod[gteope [gdedanoopd odgSa(response)o’ [3§ea38E1 Open-loop el safgpieod
328¢n0den controlled device [gdoopd control valve i direct impact [gdoopd control variable 0o§3:03

[g84) sense ecpbeo

Table 1-1 Control Comparison for Automobile and Heating
Automobile Heating system
Term 95y Definition
Example Example
The device that The device that provides a signal to the
Controller You provides a signal to controlled device in response to
the valve feedback from the sensor
Supply air temperature | The device that measures the current
Sensor Speedometer )
sensor status of the controlled variable
The device that changes the operation of
Controlled .
devi The accelerator | The control valve the process plant in response to a
evice
control signal
Controlled The supply air )
) The car speed The signal that the sensor senses
variable temperature
Process . . . The device that produces the change in
The car engine | The heating coil )
plant the controlled variable
) This is the reference or desired input
Input signal i . . .
] Desired speed | Supply air set point that is compared to the controlled
(set point) bl
variable

Open-loop control system o3& end result $& variable sensed by the controller o3sa(o3ps 03¢
2300805600554 gEs005a305g05(indirect: connection)§oopbup 2005005ups000:(presume CdS0o:)
20p5i 3200004 outdoor air temperature $& heating load o33a[o3p: 80050900403 3203307 BBcoingE
open-loop control 03 soaddgjg) S00$:32088 (space temperature)od c30003 3203320796308 Bstc0:
8820051 2Bea0d cvodeogart Adrpad cBagopd sordogudedEa’ 338 ¢[gb8EeomalopE open-loop
control system gpzoopd eagjsdecmnndoopd gdiesonapd(performance)o? veu:dEloeon ddsaclogpts
gpselopé HVAC continuous control system qps ga0sd:op€ closed-loop control o3000 sa0digfog(gc:
[g2005

Time clock 1 occupancy sensor ©20p50303E open-loop control qpso3 ocBecay 823%q|
[0300p51 GE:0830005 on/off safjeeaonigpiomn [g8[o3[8 continuous control gps curcdlojeon saads
qp:0opd open-loop control sa§jeee00:0069¢0 “reset control” (gdoopS Reset control 20p5 closed-loop

control & setpoint 03 e[pE:cdeog§320305 32034gj0o:6000 open-loop [gdao5
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O(0-p)R¢ [goom:a0pd 32038: [gEuerusae§§ (outside temperature)o? soe[gds) heating supply
water temperature o3 adjust cp5q$ 220305 open-loop control o3 sad:{g8E200n [gEozapgS (outside
temperature) ogje08:cnag (§6cag€) [Boa€ 2005¢0d0o0pd(predetermined) schedule 2203
open-loop output 68 [g€e0:8Ea0p5I @uai0re [qoortoopdsecdE: open-loop output ¢ SBEc(boiler)
320905 set point 03 cocde0:8E00

OUTDOOR
T
-
T
. Table 1 TYPICAL RESET
| SCHEDULE
OUTDOOR HOT WATER
BOILER TEMP, °F  SERVICE, °F
0 180
60 140
BURNER| |

c;) 0-p Boiler reset control
Reset control &1 oodfgpieomsgsgden heating load [gEooaSamaopd ssag| heating system
& capacity 03 qpseofgC{gé control cv68EgSs(ability)od 38eomEsgs eooopdi oYspdiaopd control
loop 0od9¢ output o3 esnoS(second) control loop ogE input 3p[gd 320dEgioogE: [gBa0SN
“Cascading” 096200507 68l 2001

poedgpze control loop 03E:5dloCeoon essential element gpigdaopd sensor 1 controller |
controlled device $& process plant 0303 ecwdlgoon:aopdi o365 control system qps 30:00:8:3l0005
oJpoenn}3d gl agudonfogcB6epd vupddeor  condeogapbesiglort 3¢ qbeagizad(complex)
system gps [03je0p8E20001 a8ea05 elementary control loop g3 336[g8[G: oopdesonaSoomoodi
0068lond¢) sensor $& controller $69 0cd:03 package 00693RE doesm (RS conseny §oopd

Sensor $& controller $8900%: Clo€aopd saepod “stat” vreslcopdn pows- thermostat |
humidistat $C pressurestat o3[g®aopdn Stat 3203038 sensor $& controller o3 Bep:d 00p5§

[p30050000: $6900%:03 2a§(enclosure)ondezacgsart copde) [giaptoosat: [gdaopd

Stat qpssC 03q) 3200:qpo0pd controlled device qpseo control valve (steam a3ewr0d hot
water o3 control co6g8320305) $& control damper (air flow 03 control (rEE$320305) 0396205 A3
device qpz5€ stat 0303 000393 osmSen eggudmadgRepdo’ gliulign $05:0pd cveomedlodes
c8oopd

Controlled variable qpsen 320q$(temperature) 8ad&:eo(humidity) 1 dsas(pressure) ¢
mogi(velocity)o3 [gboopdn Hydronic heating system $& cooling system 03038 saqp2ed: 6o3,q@ox
controlled variable qpse> el 20§8 (temperature) sacqE(velocity) $& 8z (pressure)o? [g620p5u
a3 variable qp:0? oB&:a0pd sensor gpsod Gd s 1 saguSmoen =G $¢ accuracy s§E§jyc
eqpogodopd  §8€a0phi  oBEsomg(measurement)qpiel  o3oqpg(accuracy)oopd  control  0od9dseh
accuracy 2260l 2203E0056epode §aopdi Sensor gpzzacopE:nd 2e8:(p)ogE eedlgoozoopd
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doSamndg controller $& controlled device(valve o3ewr05 damper) saloypsoz€ actuator
§oopdn Actuator 20p5 signal o3 op§seans(physical force) 30[gbad elgp:cdeo@s controlled device

[60p5 damper Boopcd valve 020050303 opficor eg 6000001 Actuator 20pS  controlled
device(valve)saeol 03¢ “Linkage” vpesl 0pd cenE:03[gE §oSoozoopd
o038 control system gp:d 220d4go0Rd edlume(term)gpiel 3a6[gdo0eom Coepig):
(fundamental)od eodjgoonzoopdi Bedlomaqpo’d cdo [gpddgn §930pbqs 300005l esnodeaes:
qP20R¢ eedjgoonzonpd coCefiongpio? §0:c0pd c0eomedlades ARgPiesnt wodaon0Ead
Controlled variable : Control cpO[gCsdqepd 320§S(temperature)r  §adC:eo(humidity) 1 30z
(pressure)i S:582(flow) $¢ za0qE(velocity)oaopd ochoog3(properties)gps

Control point ! (9803 qod0005 mec[gmacs (condition) 93wwpdd (468 qe8o0pd control variable
&l 0083a

Sensor : Controlled variable &1 00§8:03 sense cp6I&E005 HB§urnr 9B8§E2005 3o
cood§enclgmecs(existing  condition)o?  sense  cw68Ea00d  ©0dup§Ea)
B3§on

Sensed variable : Temperature | pressure | humidity ©o0pd 03E:0n[gEsdaepd property gps

closed loop control qp:sgogors sense variable qp:oaé controlled variable
qpeo8 [98[o30005

Controlled device ~ : Valve | damper ©a0pd process plant gpseil output o3 elgpEideo§oopd
B§oongps a3eupod control cpS[gEsdqoopd o3§uangp: [gdoopdi

Process plant : Heating coil 9800p0d cooling coil ©20p5 controlled variable & 0o$3:qp0d
e[pEcdeo§taopd equipment gps
Controller : Sensor ¢ ©050poono0pd 0083:sE set point 0303 £E:pdG: coppddon

83260009 corrective action [gopde§esacg0d controlled device 393 signal
Be0200pd 03§uxna3 controller vp sl aopd

Control loop : Sensor 1 controlled device 1 process plant $& controller o3 edl€spaonzo0pd
3293560203 control loop vpesl 205

Closed-loop : Sensor ¢ controlled variable 03 ©03E:0953 afgpican 3aepod9PAd BB3E:0y
0082009 control loop o3 open loop wresl20pdi Controlled device $& process
plant o303¢ e[gpcdg cdeslgapdgéselopt controlled variable 03¢ 0305§05
ogpooodeepadg(direct impact) o§eon 0300 con:apd saep(property)$é

controlled variable o3¢l 008850005 cBogeomn $054gE 00533006 §oopdup
C00590380002:2001

2.G Control Modes
Closed loop controller qpsei s28mox0$en controlled variable gp:o3 3203§005 set point
083:038 Bf:conzq$ [gdoopdn Controller gp: 320:0d:0005 controlled device 0593 output signal
000560 §320905 20&enyH0Rd 0ged]Edy [gIredloaoopdn Output signal o error signal saedlopt
326[gde] 0g0500s(gE: [§Baopdi 0odspSiaasgE output signal aopS function of error signal [gdoopdu
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Error 9300p05 error signal 20p5 control point $& set point o3& [§pzg2:9/05 [§520p51 0ods5:
agg¢ controlled variable 02§83z $¢ set point 00830361 [gpa52:9105 [§620251

Controller &l [gjpes0oEgodgEda0p5 control mode a3wwrod control logic (48205 Control
mode qps03 2a[038sa0dgE 03§ [gp:§Eo00i
(o) Two-position control
() Floating control $¢
() Modulating control o3[gdoopdn
Error signal ¢ output signal sa[gda3 e[gpEscdeoaopd control algorithm gpsogE oBogg
(accuracy) comEiq§ $C gbiesonepd(performance) deomE:nmneogs 330305 3500057l control mode
ad§jpode 00d§E§E0? 32004030005 Control mode qpesé cobgnioonoopd subcategories gpsoopd
3203§0000 qrod(desired result) qps g§jg§ $p5:3o§dEGE ee0rEGaB0o(RE: [gbo0Rd
HVAC system qpsoopd ma§$saaq so[Ge[gplscdesaopd dynamic system [gdeomelope
88082008 [96eoq§enog05 309§en530051 9053g0eage00pd control system gps c33a6600 §oopdi
HFa3c8 controller &1 esooEgodgEdgP: $C

SPZ‘ sensor ¢ ©cdopcdndo0pd process plant ¢ o3gSe
g (response)qps FofogpspE =S ogpug(time  lag)
§ Necessamchansss a300p0d maqjSesnodoyq(time delay)§oopdi os(valve)
E i 200 controller ¢ output signal qfg: s§§ so500:c0d

P [opeom gEoopd seafgmeesad eepodoopdi o[

‘—‘T—’ Time G§00d0on  eqpqp:  000EB:e0&i00pbl  eenliegoopd
(appearance)| (appearance) (operation c¥6e5$20p3) coil olgdogl equopd Groad

Dead time Time constant

Dead time & Time constant @esnt ofgrdet coil codonpiod 3qC geent [grpd

205
¢ 0-G Dead time and time constant

:2n0dg) sensor 20pd duct 32038:] oD 0§ 320pE:S 0od§INGE S Gogpesnt
eonlfGioomn Fosiel 20§Se(plicdg(response)od q§c86epdi Grooopd ed: 3038 S§qpod
9eoGeomn sensor 328:§ cood peo(warm)eomelopE sagSozpurg dqp: o0 oBeelgé sensor
:038:§ sensing material qp:o? geofd steady state sac[gsacs 32006006903 GepodeofGiwomn
controller s823 information 8200803 update &S cusd qoopdi cdesnad controller 20p5 3§S0q
sensor ¢ signal $¢ set point 03 §E:0pdG:w000 6pda8 03gs qepda’ sddgodqod q8Ea0pd

:Se50050qqqp:(time delay)o? “System Time Constant” v @sl 20051 8a0005¢) system time

constant o3ag(short) control system o0pS process plant &l lgpE:daqpa’d qElggn odfgS(react
quickly)c86epbn  sa0n0dq] time constant 20p5  Jlopag€  controlled  device gpel  o3gSq
652603303660

Controlled device $& process plant 030005 sac[geeesonde e[pE:da§ 320305 controlled
device ¢ e[grE:eoiquopd 00§8:03 “Controller Gain” vpesl2opS Control system & performance 25
system gain edlaa€ @oopboopdi Controller gain &300p5¢n process plant 2005 2005¢0500250009
elgpEicdgesmadozd controller o> wpbqelpEicd cusgepdo’ adc8oopdn System gain $& controller
gain eopp8go codBfgqh goopd
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Table 1-2
Controller Setting Controller Gain Control Action

Open valve from zero to 100% for Higher Small change in measured variable creates
a 1°F change in measured. a big change in output. 1°F causes
(1°F a[gpEiq§320305 valve o3 0% controller to request 100% valve opening
¢ 100% 3203 gCaeozq20p51)
Open valve from zero to 100% for Lower Large change in measured variable
a 5°F change in measured (5°F required to create a significant change in
e[pEig§320305 valve o3 0% output. 1°F causes controller to request
100% 208 g&ao: goopdi) only 20% valve opening

Full load 326[g326503E process plant 20p5 full output 03 cocdeoso0pd 324l controller gain $&
system gain o3 0poBlo300051 50% load saegEaes03E process plant aop5 full output &l 080053000
000d60iqs a3eomelopé omondoodom gEesaddupdi odsedl process plant el capacity 20pd
required output &l $&s0 [§8esc866pdI System gain $6e0 [gbes0r elpenpdoopdi System gain 205
controller gain o3 system capacity [§& ©:002:00p9 0083 [g52005

Controller Gain

System Gain =
ystem Gain System Capacity

o3aloppé system gain 20p5 controller gain & function [g8Gs load 03 aonEgad8E0pd system
capacity & function copbsgdaopli  sacgqpioopd  gain(high gain)§oopd  system  e3o0p5wn
:25p0:c00g6000 output signal a[gpEacd[gEsoopd(controlled device ¢ondeot) [Beenseomn controlled
variable e[gpE:c5qg0? [gbeoSEa0001 odspdizaddyC signal $pdi5p5: a[gpC:cd§gé controlled variable
0$3qpign  [pE:dcd8opdn J¢) colepeant oy system o3 c3o0pdoond  JoFesnd
cobaonigCs(over sized) [gdoopdn Signal saspSscudon sacgSgpieoon output o3 [geocomelopé
eomCsgs 08m&go control (xdes clgdSEeonco

$(0-p)oge [goomsaopd outdoor reset aopd sacgSsbioopd load sacgEaesopt over capacity
olgdeoq$ system capacity o3 aB§:pdcodgCs(adjust codeodgEs) (g0 sa000de) 3 time delay $¢
gain qpoopd  qbie|pEeaodEs  soaSogudq(linear relation) §ogfd: 0op8oopanonpd:  (consistent)
[58[030qi€ ABoqeSaSean control [§8q§ 330305 controller qpsa? B0z (adjust cpdeoz) §E20p5
Tune cp&oopdup Gal copdi 98605 control system o3€:03€ gdielgpEer03Es upadEaD s00d5a3udg4:
(non-linear relation) sa§§esnodoygts(delay) $& ©opdo00d odlgSegp:(uneven response) ©20pd
hysteresis gp: §eoxEs §8E0p5

poed- omx(valve)sl  Geniod(stem)agE  godaBade(friction)elopé  [gdedlcneom 4§
eg00vmgs(delay) §8E000n gododady(friction)elopé eqpeg.g> ¢l dod[gE:(linear movement)
§it ©9§$Eeon Heating coil 338 ofeepa’d coneam eeEaes(hot water supply temperature) [g&ooob
congelopé system gain copds dqpsan§Eoopdi crodagss(air flow)oeomn spd:agnieamnaelopé system
gain dqpzan§Eaopdi

o328 qOeagsoopd system gpiod ABoggd 6aonlgrd8aSancgod eemndopt control mode
qp0?  eodjgoonsoopdi 3acgudonadist 3a08:agpsadicamn  control $o0s00pS  two-position  control
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[§620p5n Fan o3ewpod pump ©00p) equipment gpizecged ewndgs(run) q[gEs(stop) ©2005
e[gaacs (state) 69000 §oopdi Damper 1 valve gps 02005 device qp:3a0305 ¢E[gE:(open) 3od(gE:s
(closed)opaopd state $69000 §oopdn Equipment gz $C device gp:od control co6g$ 320305 two
position control 05203 sa03:{gj00p0i

pesIB0OgP:y 00deofaononpd HVAC system sacodonsgpiog CloCoopd air conditioner g
$C furnace qps3 two-position control o3 saqpsed: spodigecy §oopdn State $690005:000§0000
oofgpieoon system gpsogEaopds two-position control o3 2§ 2aaddgiecr§oopdi O(o-g) 20pS heating
system ¢ heating thermostat 0296 two-position control co6eeoEd(action) o3 eedjgoon:aopdi

Vaive A off Switch Off Swaitch
closed | | ' on on
On | I I [
x | I ! I
| | I [ [
} Differential I : : :
I
%——4 v | Switch : : Switch :
| ﬂ?f?_ I off L y aff \
} Open | On On On
\ >
off ‘ UL I PO S O
Colder Set point Warmer r T "
me
Temperature

¢ 0-§) Two-position control diagram for a heating system

Two position control o3& on/off a3ewr05 open/close oo [§88Eo0p5m Steam Bowpcd hot
water ©o0pd heating medium 0089903 3203qgjg] GoZEFS(supply air temperature)od [§Eoo0d
6020051 602051 0365005 0gadeLZEEE (supply air temperature)oopS oofgedegeds [§E005 conom
set point cood J[géoopd control differential 30§83 eepoS§oopd Control  differential 20pd
aoeagpoopd o3sseooondy(fixed difference) [gdoopd valve ¢&q$ 0§ (temperature) $& valve
805§ =0 (temperature) $&¢logp:E §oopd fixed difference [9&o0pbn Supply air temperature
20pd set point temperature $& control  differential $6960IEs000:0000 20§83 GepaSooRdeEl
controller 20p5 actuator s valve o3 8058 288("off” command) co:adn50p5

Controlled
Variable

Control
Differential
Operating
Differential

Set point »

Time

Y

¢ o-6(on) Two-position heating control

2q$35p5:c05 [op[Gie5005 valve 2005 Bodagoifds heating medium Bss08:(gEs w§eooelopE
agodecuzae§&(supply air temperature)oopd set point aBeepadesnt meoliom 65005006 cycle

006903 0008001 o powdogl set point 20p5 “on-point” [§6o0p01 codsobiemdgE valve o3
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@Ceoo0pd 305 (point) wrcopd: efpP§Eaopdn Set point + control  differential 20p5 “off-point”
[g6 2005 00d5pbsaandgE valve o BoSeoa0pd 22¢05(point) upeopds a38Ea0pd

Set point o3 on-point $& off-point $&glo3es(mid point)y con:8E200n Beadl valve ¢E[gE:s
Bod[gC: $O9[oxp:ope set point §esc8Gupdi

c00de003¢ two position thermostat gpsy A§oopd Bionecnind cppde) 2203§oodd 20§$

2861 2:[g¢ Boocdeqeant set point 03 BS:p3(adjust) €205 Time delay cloppé egcogaonsongd
0005 3¢) eaasogngEs(overshoot) $& 3ej poonfgEs(undershoot)od [g6$Ea05N

Overshoot $& undershoot o3el [gp:502qi0503 operation differential v el oopS

O(0-5)ogE controlled variable 205 maximum temperature $& minimum temperature o3

oo §esoopd

Operating differential 20p5 control differential cood sa[g[Btecy §oopdn HVAC system
qpoRt [9becofoopd sagesoodoyfgli(natural time delay) $C thermal lag o303 oudgpiqs
o[gb8Eaon

adeoob anticipation device qp:od spaddgq) operating differential $& control differential
OPLIYOD VM3 GagPg§E0I Single zone heating thermostat 820305 3209:qp:eo0n heat
anticipatory 20p5 resistance heater [g9aopSi Resistance heater o3 temperature sensor s>8:03&
006008 3298120805 cpbeodgty sensor aopS false reading q§on 3¢ [g§e0sgo 0r§[gS(respond)
G200

;osiodS(space temperature)oopd control  differential 3203 [4€oo0d wonel  heater
8c50b[gldgE overshoot [gB[gE:0d eaqpspS:eo8Ea0cbi  Overshoot spdgC:elopé  operating
differential copS: eagpspSiogrsc88epdi Cooling 82030500p5: anticipation device o3 s20%:g8E205
Cooling cpbepagE sensor qupd signal (supply air temperature)o? set point cood Glgéesant [gjpd

coigliyé cooling coil 3203E:08 eqqpsde] [gS[g§oeepadon operating differential cogpspbiesant
[g109E8E205m

A o | Off
Upper swatching N\ Overshoot C
point 61°C T BA %

Tank water temperature — 'ii? (=]
e|F b
| = =

Set point 6OPC1-4-4-----4--|----—F~- rad--f-4----- -3
= o
o | =k -
@@ T
Lower switching A = =
paint 53°C /’ E/’
- -
On On
l Ty | Ta | Ty |
I SIn s "

Time

Q o-5(9) Temperature versus time for Two-position cooling control
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Temperature in space with anticipator
------- Temperature sensed in thermostat with anticipator
— — = Temperature in space without anticipator

A
Cont_rolled )
Variable Control Operating
\ Differential , Differential
v e Operating without
\ ! Differential anticipator
. \r / with
Set point . N / y anticipator
T 7 7
U U - | |

Time —

¢ 0-q Control differential
0pda30€ anticipation device qps 3203qgieo0om¢i control differential 03 ad:o eypPodogesNE
(o§esnE) [gopds wqSCeor BelopE set point oo 2:0§s J[gE[gEs(overshoot)sE 38G[gC:
(undershoot) ©20p9 =0gS 3200053207(9b[gE:(temperature  fluctuation)od  JescB6edi [gdcd)

qo32005 Fee(gzaes(desired condition) o8ewrod set point o3 §8Eo0pd saS32038:300000005 22§05
00§00 [gd20pd

Control differential o3 $05:630&[gipd[gEsgé control o3 3] cBogeoom 3c8§o0pd 3203¢:
[§6632>E[gjrp58E 0051 o865 control differential 3a0g$spS:0000854] short-cycling [gded con§€
20pbi Short-cycling s3o0p5¢n 3a§8so5p5:30038: valve 2005 s3(036¢gpign 3o5[gE:(close) ¢E[gEs
(open) $& soqSa050:c0032038: equipment qp: 32[36qpgo cendgEs(on) qo[gEs(off) o3 [gboopbi
Short-cycling afo3p¢ heating $& cooling system gps comsgo efficient o[gd8Eeomcon Equipment gps

32§500388 qo583c8GepSy

Two position control 089 GomEsgd de& 35006 cvdesgEadoopden short-cycling
o[gbeoa3l 20engPoopd control differential oo controlled variable o3 set point 32§:038
00058E204/qe30E 038200059 E{gd 200N

Two position control eicpbesonq(function) a0pS HVAC system @il system gain sacologé
©00p50000n Process plant el capacity 20p5 220800005 §oopd load cocd gpign 3¢j [Breescoqs
c8o0pdi 3¢ [BeesagiEcontrol differential o3 [BsesanE[gpS0m 038:002:8E2005 Control  differential
[03:eo0a[o3pE operating differential copbs c8056] [P3:000880pd

HVAC system 00696l capacity 03 320$000005§00p load coob J[o3:esn(oversize) 83Es
cvb0omg€ two position control $p54gE control cv6gS ©0530051 epdazadeam $p5dgE control
c06deo HVAC system o3 c8aopboond Godiesant(over sized) 8&E:codoonaqiE control cpde$
:20R§ 90532001 Load 8a5p5:3aqp2:03 c305¢) system capacity 03 coéeaqpesant 250833908 34
8&&: cpSoonqEpdi
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Controlled variable o3 set point 03¢ 03§:002:8Eq$ 320305
(o) Control differential oqSoguSconseosqepdi Operation differential copdiadode)
030500 8gwpdi
(9) System 2005 short-cycling [g6e$c3660i

Load $& system capacity 0305p860q$ step control o3 3203g§Eoopdi Step control a320p5¢n
:e0s6e0(two position)  set point $6§E§om control cpd[gEs (9620 Multiple stage capacity
§oopd system gp:op€ saeoqpsgo(multiple steps)oosdd: step control cv68E20p51 Multiple stage
capacity 8320p0¢0 High-Low-Off §aopd multi-speed motor gpso? copdieomé: High fire-Low fire-off
§oopd multi-stage gas burner gpiz: copbeomnEs multiple compressor 1 multi-speed compressor |
compressor with cylinder unloading $& multi-stage refrigeration system qpso3 a8c8o0p

Stage 1 off Stage 1 on Stage 2 off Stage 1 still on

Controlled
Variable

Set point
Stage 1
Set point
Stage 2

Time —

A — Operating Differential, Stage 2
B — Operating Differential, Stage 1
C — Qverall Operating Differential

¢ 0-0(m) Step control

$o-0(m) 0z stage $69§0p5 heating system 0089 High fire | Low fire $& Off 02005
operating position 2%:§:§o0pd control system 220pEREGN3  Gedlgaon:aopdi Groel oS
ocoemeod(stage 1) set point &l eEodmad §6s08:conaqi€ controller 00pd first step o3 “ON”
8052001 :20003¢] first step heating &l capacity $¢ 0305p365039€ erup§E205 voowsaso(stage
1)set point 328:03E cycling [§8e5c860pdn Two-position control 0303 [gdes c8&edi

BBe0rodad erompgsaopd 3cBuomacod(stage 2) set point cood 3¢ 86s0C:cndlon
controller 20p5 second heating stage o3 “ON” c86opSi o354l first heating stage o3 5[§ ON coosG:
second heating stage o3 “ON” c8051 “OFF” c305(g¢ two position control o303 [gleesc366bn Control
operating range $6903 00695E0nb9 cobesag€(overlap) first stage “ON” [g6epd 320§§2005 second
stage off [§60pd320§§0005 86653565

Set point $& control differential coSeesesnE (overlap ofgbesnt) stage 00d9sE 00d9
006065630¢ [grodooonaopdi Second stage “ON” point 205 first stage “ON” point coo[g¢ qepdi
(09038820001 wcoBeoan) a3eacdcopds overlapping range oopd stage oodogqi:dell operating
differential 0526308 ©cpd33 over all operating differential 03 eogpg§Coodn (569006
agmseomelope [9620pdn) ofspddgE short-cycling o[gbeod JeomCsgsoopdspdiyé control cwd
882005
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Floating control — Floating control o3 “tri-stage” control vy esleap§oopdn Two position control
$Cc0pd: 96908s08 oppBooodi a3eaod system of state $69[gbesIE wan§aocdooneon System opt
modulating sa§jg3202: controlled device Clo€aop5i qpsconzandgE damper & valve 0303 soogaea(g$
$0Gjpediewnt:§Coop) bi-directional actuator [§¢ o36] 32034{g[gC: [g5200

Drive towards

Controlled closed
Variable direction T
Actuator
remains in
last position
Drive towards
open
direction
Time

¢ 0-0(9) Floating control for heating

Floating control & controller qpso€ mode a3:§je§oopdn
(o) Drive open (gEesad)
() Idie(No movement) — (6epod20pd c5epS qoes[at:) ¢
(p) Drive closed (8056¢$85) 03gb2005u

Floating control o3& two position control o3o30E set point $& control differential 03 AlgoopSi

32§),6000 floating controller gpsogE upper set point $¢ lower set point vpg) 8208 §ur§Eaoad set
point adjustment $&¢ dlo&aopbi Control differential aop5 upper set point $& lower set point $690361
[go2s0:q05 (differential)o€ [g&a0p5n

Valve stays at Valve starts Valve stops
last position to close closing
Controlled \ -
Variable ||——___\ __ Drive closed _ ~ s

Float

Control
Differential
Operating
Differential

Set point ____Eri_ve_o_pgn_ __________

Valve starts Valve stops Time
to open opening

Q 0-6(0) Floating control for heating

& 0-0(9) $& & 0-0(0) 0g8 [goo0pbea03E: cgdErZHS (supply air temperature)oopd
§60005 differential c8E:000586 o€icong€ controller 2005 valve o3 oglq§ 238§(command)
coso0pdn Valve &[G coil 2203E:03 heating medium gp: 0ofgodsgods oeepodaonaopd Valve gEqs
258 comalopE(time delay elompé)opSieomEs §ooodeom thermal lag clopé copbieomnts valve
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98e5600500p5: 0goderumE S (supply air temperature)oop giodgElgEor05ad86d vupddeon

2$3055:c05 [0po0pdersl ogodecumapd§(supply air temperature) [g¢onodcmn c86wpdi
Supply air temperature 2025 differential coo J[g&ognsdlon floating controller 2005 valve o3 cve5§
e5epogt 0380002683288 (command) co:a380pdn Idle (no movement) [gdesc866pdi ogodecozagS
(supply air temperature)aopS differential range 32038:5 §esaqi€ valve 20pd Sod[gls ¢E[gts o[gdod
005§ esepaptarn qbescd8epdi sa0nudq) temperature oopd differential & 2ac005c8E: (upper
line)ooo’ J[g&awndlan floating controller 2005 valve (actuator) 03 805§ 228§ (command) cox36epdi

338l coil 32038:03 B:0€eseomgSs(heating
medium flow rate)aop5 oo[gobsgods $p5:008660i

ae5005 320§ 8 (temperature)oopd  differential range
280 eepodnodsé dgEsod valve 20pd
Gepode500d GsepogE qd(no movement) esc8gepdi
g Air temperature 20p5 differential range 3203E:03¢ float
"~ Power Sipply | [g0es eoomelopE  ofspS:od “Floating control” op
T ool aB[gC: [9Baopdi d(o-)o0pd actuatorodad controller
¢ drive signal 6os320050 [gd20pdn

Drive signal 20p5 8o5&(close) signal copds [gd§E
2051 9&qS(open) signalcopSs [g88E20051 eepabooRd

e56pRE qdes[gliqpropS: [§0§Ea0pdi Floating control
03¢ controlled device 20p5 two position control &> 0303

Controller

Actuator Motor

$e20 QUPOSGOII

c;) o-¢ Floating diagram with actuator

adtogCas[gs(fully open) cd:03cbesgls(fully close) oodoCondyodytaes[gts(opening %
0069903 qdes[gts) o3 [§6§E0p5

odelop¢ floating control $p5:030%:0q1€ two position control coodeaoicado0pd control
differential q§Eo0pSn 3a0g$qproopd(excessive) short-cycling o[gdeodd stability deomE:§€a0adi
Two position control ¢ 0380€ floating control ScopS: operating differential 205 control
differential coo’ 3¢ o305 ([03:)20p5
Time delay $& thermal lag o3elo3pé floating control o3€ valve qpsi damper gp: ©2095
controlled device qpsoo5 full open ¢ full close [36q§ Zoq$3[ozpeomelopE (full closed ¢ full open)
overshoot $& undershoot [§68Ee(g dqproopdi odspd:aadg valve timing des:eomaelo3pé overshoot
$C undershoot 3[g68Ea05

Unstable [g8epS8:comaeloppé valve timing o eg:000:q[gE:c0p5s (960005 sacnude) valve

20p5 8o5[gs ¢E[g: q€lgSen [grpdag€ two position control $& [gedsé oppdescB6epdi Floating
control § dloeom valve gpis& damper qps cg€fg$g> 8o5[gts ¢E[gEs [gbgqE B floating control aopd
two position control $6§jss¢ s0ConesaB6epd

oBelopE two position qpogE saaddgoopd anticipation device o3 floating control
qPogEaopd: Z0dige$ 90&engdaopdi om:eentisEanpdmadl cvnd§ eentiesaopd [§$5S:(speed)aodd
eendsadoopdgSgsi(desired speed)oond spSieso0pdzndl ABwrod adowsliad  cgodaomadodagic
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a300pcd BuaBonded: $E:qE 0ma0pd [G53051 65:305 [9Besa88epdn ofspdsE omreents
[§E:2005 two position control (g€ omseeCispds [g6o0pdn 07208 Guaico00d [9855: (speed)ogé

Boqge eenliq§maR05 6oEmnd comEends elglys 0oopbrobienc(geacsad (03096 0angHood
ddl(power)qesmnt cBen(accelerator)o? gesigla cgodeusfals sm:ns 8sE{gl: 0000 $5g

control o505

HVAC system gpsean:cd:cdadei load 2005 32§8sEaq) e[gpCicdesoopd adn3ad :2§§5E aag)
elopEicdesoopd load 320305 32c8§o0pd set point 328:5 controlled variable o cB§:co:8Eqs
modulating control 20p5 saooeagpeds [§60pdN 0203 two position control $o54g¢ accelerator o3
$C:3051 odA30d CSoM 6edE:8E0N GurEsg) §ooRdI 20056aNE 20050m[gBA8GERS vurcdeol
Floating control $p5dgcopS: eunts8Eaopdi 986a05 coys090d GomEsanpd aclgeacsad eepadepd
©0podGOI CpgPs 30300 CVE560R Gedties[y20pdsp0ien modulating control $p54g¢ eedtsesiogfgt:
[g2005

Modulating control o3 00&slond¢ “Analog Control” vpesleap§oopdi Two position control
o3copd: “Digital Control” oy edlecp§oopdi cgsdaopd $6cCIC:qpignan Proportional control o3
modulating control 3:5[g6 2005600568l a3[o300051 Fao00SeoEadeacd §d0pd sag§on controller
qp:aopS Proportional control logic function 00690005:03000 w68E[eameloPE [gdoopdbi wog
:26lop¢ elgradesfogoopd modulating 90p5 §iqleaopd Proportional logic co0b J¢) goeog: 90550009
sophisticated algorithm gp:o3 cpbew:8Egds §log0005

Automatic control 20p5  cpoogPiel  [geeeonEgatOgPId 30900 0BagEaonieodd
spSs0po0gp: [gd20pdi omeentionm [gSsS:deo0(constant speed)gé cedCioopdaadloge codisaaly
326503 [1309¢) GerE:00001 06005 Box efplonsiesagit a3eupod cddIRd: Fspdicud
eondiesgi€ eunopoopd cBun(accelerator)o3deaosEiooa:00pdl 600058320305 CVEE5EE05
0020p0358] 3§S0q030:00051 Bza8l cBwn(accelerator)o? 3ej 8sE: o000

063londg  3qtaopd  [gSgS(speed)aond  spbesobiesiognagE  cBun(accelerator)o?
32501005 3¢) 85E:000:q00001 8005 [9855:(speed)ooa’ 3ej gpigrasicnaqC accelerator o3 3¢
06[gEqg€s BsE:000:620051 0088l 07020005 [g855:0G00(constant speed)gé cenies Gaddcopds

203§oopd  [g5gS:(speed)oond  egies0pdmedl  cBun(accelerator)od  sagpbicodqpoon  J6)  Bsé:

602q0pdI 0009100 Vb pEieoi300dE: [gdogaeomalopé ABqtaodd [9S5Si(speed)ocoad
qesnt cBon(accelerator)od cgobadodoopdi aBo3a3uC control system gpie control loop gpso0d

omieenEianqpayad [giepdeosoopdi 2ogPp3qg€sE control equation gps cu5[g8Eo05i
V=V, +V,+ Vi + Vg
V="V, +Kye+ K;[edt+ Kd% Equation1 -1

V, 2005 offset adjustment (8005
V, 20p5 proportional term [§8a0pd35[gE error $¢ 0305805 Fagjoz0p50wan [g&a05
Error qpsaqi€ V, 00888 qpiconcB6wpdn Error $p5:0qi€ V, 00582 5055032208665
Error = desired speed(set point) — actual speed

Error s3o0p5¢0 desired speed (set point) ¢ actual speed o3 §0500gEs (462005
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0065p:30dgC desired speed(set point) ¢ actual speed o3eh [gozg:qod [§620p5n Vp 2095
Error $& 3a§r03j0005 0w (96205
Desired speed(set point) coo actual speed ongpSiesaqiC error §oopdi Gg:0005 ©pdcl

BegiqC error Jqpz 8gepdi Error qpsaqiC (speed Jesieomnaelops) cBun(accelerator) o3 qpgps
Beug§ cBaopbi Error $p5:0qC (speed 286eogeomalopé) $00:ep0:000 8cuig$ adoopdi

V; 20p5 “Integral Term” [gdoopdn 2005905002600 2o§§00d932038: Error gp:od
60IE:0004{gC4g520051 390056[god edlE:c00gE:0? integrate apdaopdun @l aopd
Calculus cogpsdieng GudgqglC time-weight average of the error [gdoopdn Set point ¢ soq$

opdqfoploy ozpeoies0bad o3e) ewdlgoosfal: [96o0pdn codspdimndyl =o§$3203E:300m
006932038:§) average error $& BmSoemM$E 6lgpadoo0pd §roSowdan [gdoopd

pow-omigssSa(speed)oopd cenliadoopdlySssi(desired speed)aond esies0pdmo[ge 3§$
326005[0p 6516560060 E cdun(accelerator) o3 3¢ [4E{yE:8qS c336Gur 3ad[gt: [gEo0di

V42005 “Derivative Term” [gdoopSn Derivative of the error with respect to time [g8205
Calculus 20gP[g¢ eedlgaeg€ VaoopS set point & controlled variable ogofgg elgpEsadgs(rate of
change of error) [g520001 ox:6l [§$582 (speed)o0pd cunC:cda00d [gS5S:(desired speed) Bovpad
set point 8803 opdq [4§[gS qPndes0pSad ewdlgoopdi Bewrod set point ¢ opdqlgses
60206520503 Gedlgoopd

pow-omigssSa(speed)oopd cunécdaopdlg$sss(desired speed) 883 aqilgSen qbimdes
(approaching)sdaqi¢ c8un(accelerator)od 8oontoopdesepe spdespdieaqp GuSE copdi

Time now
l Derivative term proportional to slope
Set point hd 1 < A\ ——
/ N\ /
AN~
o | | .
— W | Proportional term proportional to error
1]
£ = |
Tz Integral term
pd _<>E proportional to |
8 shaded area
I
| Ll | | |
1 I

1 1 I 1 I
T1 T2 T T3 T4 5 T6

Time now TIME

([) 0-00 Proportional, Integral and Derivative control

a32060mn ooepoopd derivative control logic & 336fgdooeom [§doopdn $(0-00)ozE term
ads§jrocdiod 0qOo08[gE ewdlgoon:aopdi Proportional term(V,) 205 error sogoSieagpiod c80dq)
29523 o[gpcd00p5n Error $p5:0005 a2000¢n set point 328:03E §Gs(set point) o vegpodeoicor
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Error gqpsoopd e320pSen controlled variable 20p5 set point ¢ ogoeosaopbon a8cda0di
Integral term(V;) 00p5 error &i time — weight average $& 2a§Ep80p51 Curve &l 63:0055§e00m

s§oon(area) [gdoopdn (Area under the Curve.)i Derivative term(Vy) 20p5 error line &1 slope [g620p51

(Slope of the error line)i Set point &823 opdy [g9§[gSogniesaopd set point 8o [98[g$
GosG5$0p503 Gedlgoopdi Term 09900320005 apspS:09008[gE control system & g&seanEapd $¢
oBogq(accuracy)od deomEieznt apbeu:§Eeds §aopdi

ocoofsg> equation 1-1 ¢ Integral term $& Derivative term 03,03 gi§consg) Proportional term
0069005203000 05003

V ="V,+K,e Equation1 —2

3200053 equation 1-2 03¢ V 2005 controller & output [gdoopSi omieedtsoopd powdlyé
elpqrq¢  3c3§oopdlggSi(desired speed) ofewnod set point qqf accelerator o 6O
$C2000:60p503 8c8a0p0n Proportional only control logic 03 cogpspdigé ewdlgoordgés (mathematics
expression)g&20p5i Proportional control 2005 28eqCsads $C sa0dimgpead:eoon modulating control
logic [g8a0p5i Pneumatic thermostat gpssanscd:8:dli pneumatic controller gps 3a0:d:§:0ksE analog
electric controller soqpseod3 Proportional gain 0od9oopdsom Glaopd (Proportional only) control logic
o3 saadg[e300001

$(0-00)0gE equipment gp: 0008 GenCi0pd :§S Bowydd set point o3 elgpEadnboogd
32503 Proportional only system 00690 o3gSa(response)od cwSlgaon:aopSi System 2095 set point
838 eepodesant qdndaopdi afeadd timer delay & thermal lag cloypE overshoot [gbedl oopbn Set
point Beepodesnt  e5§n05c05[pon  qPindaopd @8l undershoot  8a505:c0d  [gbedloopd
2$[opan0bsEany| overshoot $& undershoot 030005 0ogodsgods $pb:o(Be controlled variable
20p5 set point 228:03E §ese005005: set point $& 0odcoSoopdemyeon 3505:c0dg| 0065001
Bogugied error o “offset” vresl 051 “Droop” vpcopds esloopdi Constant load [gEewnEieso0pd
steady-state sac[geacs0p€ 3a[g§es00pd offset 2005 Proportion control o> Gus0pd 3a6ga35g6200

Continuous offset $& Proportional only control 032005 =a[go3ag0d §o300pdi espEagee
Proportional control 20pS 2005¢05002:6000 load s6[gaesopE controlled variable o3 set point

38:038 §oseant aB8:000:§E0p0 aJeadd droop ofewpod offset 2000 =a[Gonbsges c8dwpbod
[g2005

Equation 1-2 o3& Proportional logic 03 copdom heating coil 202 control &3 cudlg
820051 sagcos(heating) coil 00692005 steady load sa6[geaesape load $E ad:o cBo580pd heating
medium owanaopd coil 3203808 B:oesqs Soopdi BB:ofesqupdgsiflow rate) o3 [gdcoqs
omsgCesqepd pPEgsi(valve opening %)o3 controller &1 output signal ¢ edggodeosaopdi Output
signal o§8:0005 equation 1-2 ¢ V &l 02§8:08 [gdoopS

:005¢) set point $& controlled variable 03 32033207 0pE8[3aqE error 20pS appo(zero)
[§©20p51 Zero error [gdagi€ second term 20p5c0pd: avpa(zero) (9200 3354l control signal 2005 Vo
& 0058:5C 0pBescBGupd Vo 20p5 offset adjustment [gdoopdi odseclg saesopE §qoopd load

Eggcﬁ §3§f§ﬁ§é&s&§$s(ﬂow rate)o3qe$ Vo 03 adjust cpde§ c8oopdn Beom offset o3 zero
630E pO8EBELpS
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Vo 2005 oB§ieooon§ds(constant) [gdoopdn Load Jqpsconaqi€ B:g&s(flow rate) Sqpiqs
cBoopdn BsgSs(flow rate)qpsgp: q§jg§ valve o3 3gleois cSaopdi ddelopE signal 0o§3: Sqpigs
cBo0pdn 00bspdimdgl V 008Bsgpiqs 832600051 V 0083:qpieoq$ equation 1-2 ¢l second term
20p0 zero ofgbcoen 0odso0:edgE error o0§8:a0p0 oopo ofgdeu (Non-zero) error aopb offset
a3ewp0d droop [gdoopd Offset 0edaNa00d 03§:600 K, 00§8:03 30 =aqkd elgpCidesoopdi

(offset=function of constant K,

Ko 20p5 controller & porporational gain [g620p51 K, 0088sgpsaneco offset 0§
553000600 [§da0pdi K, 0088: gprgqpsconsq) offset veoan $p5:68308 [gapd 8E@a0500Rd: 30
[03:em20005 K, 0083:6[o3pE system stability 03 03805 coEa0pd

Set point 928:5 controlled variable 2005 [§€c305186c805(oscillation) [96esc86epdi o3ad
[g8[§€:03 “Hunting” [9820050p elgreco§oopdi Gain 00§3:03 [3oBcoxgtselopé signal value
20p500p5s (B0 Gooicud000d error of [gbeoeandcopds load saspdicud egplicd(glielopE system
2005 392620050005 Sgpign odlg8§c86epdi Overreact apE85epdi

Overreaction clopé 3¢) [Fen0005 error o3 oofgpeanod(e[gpEiy§onnd)oge [gbeooopdi
J[Beem:0005 overshoot copds [gdedl §€2000N Stable control q§g$320305 gain qpsa? adjust cpd[gts
hunting o[g6e0a3 offset 00§83 coSesané apd[gt:a? “control loop turning” vp elgpadene§oopd

Proportional gain &l oofgesnepbondees “P Gain” [gdoopdi Throttling range 2025 controlled
device qps [g6o300p3 valve $& damper o adiogEesepd saalgaaes(full open)e adso dodesapd(fully
closed) s26[gza6503 cepad§§art controlled variable algp:ndag2:0005 vwran [gdaopd

. +— Control Point
Set point . Control Point Offset Offset
™ \_”"’——___‘h-_—£__\ Set point \\\-//// \.%—
8o e
g o8
c = "E =
8= 3=
t t t t t t I :
T T2 T3 T4 T5 T6 T5 T6
Time '|'|me
c;) 0-00 Proportional-only control ‘:’ 0-0 ) Proportional Plus Integral control

Throttling range 2005 Proportional gain $Ee{gp&gs saqjragoopd

Proportional only logic 0g¢ =:a[g§eso0pd offset 03 eqpodeoqsi Bewrod eaypsds cogs
320305 Integral logic $&03¢) 32034{g8E2005n Proportional plus Integral(PI) control logic v G&l20p5
2oqpspSdgS equation 1-3 o€ eudlgoon:aopdi Integral term & c¥SEeEYOHe> error §eso0pd
32§ 8lo3pcnoopdsang) Integral term 3¢ [Bsenzcnaopbn adelopE controlled variable o3 set point
BaBeepodesnt (gimbesant) oogobigpds op§ideusaopbi odsadl offset ado aqpodogas 8§00
a300p0d welgrocanodesmne caocudogdEoopdi
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&(0-0))0gE PI control 220p6cp&303 Gedlgaonzaopdi Control  logic @i sensitivity 2095
Proportional gain(K,)$¢ Integral gain (K)o $6§gocdsei function [g6o0pbn  Proportional control o3&
gain 00§8s 3acg8qpsdlon stable control o[gd8En Tune cpbe§ cSaopdi Integral term & 32025050560
“wind up” [gdedl [§€{gdaopbn Wind up 2005 control loop o> 32000cpbesi(in operation) controlled
device 20p5 §058005 woon00p5354 (disconnected) [gbeol 205

Controlled variable $¢ ©088:88a0p) =adlogé wind up [96edlcoaopbi Controlled variable
20p5 set point §0:03 weepadSeam 228l (Gowoesa0pd 324l) o€ Integral term 20p5 oolgpSigpS: 3q)

[P3remscono0pdn B=a§j$0pE system oewdts 8050005 3a8lop¢ valve 2005 adio gEes(Bs Bevrdd adio
8obesfBe on:a0pdo005(wrong side) 03¢ over shoot o3 33(g[gbeol cooopd

Integral term Ooflgdeogs sa§Sesacodop eooqoopdn Foncdelopéadeadd =S
:605opeant error [gdedlesdeomalope [gdoopdn 0odspdiaaigE system & controlled variable
205 set point ¢ 3§ §[oplgen coeseomnaeoP [gdoopd Ba3Bgblglod “wind up”  [gd20pd
068l 20p51 3§ 3305320084 system o3 unstable saelgzses [g6edl coa0di

AB[gooo§003 elgqliqSaeogod system o3 qSconi0pdead§ 5 controller $& controller loop
qpeodcopds qoaonig$ cBaopdi System ood920p5 qOes(G: A system @i control loop 63 eqboodlen
wind up [99edc86wpdi Derivative control copdgjeopd: elgqC:8€aopdi Anti-wind up device gp:
c0pdejcopds algq:§Eaopdi Analog electric controller gp:og€ algorithms copdejcopds 6lgqE:8€a0di
adiIaqped: anti-wind up algorithm ¢ system oooédlo :2§§03¢ integral term o ©a)s00803
Proportion only control logic [§¢ seq§ecnjop 0oo&[gs [gdaopdi PI control o3 pneumatic control
qp:s¢ analog electric control gp:ogE eo§Eaopdi Digital control system qpea0R05 odlelgd §ooaopd
d(standard)oode [gdaopb

V =V, +Kye+K;[edt Equation1—3

Equation 1-1 0pEdoaopd term od:9ad:ol 3203dgog€ Proportional plus Integral plus
Derivative (PID) control logic vpesloopdi Derivative term o doCeolglyC overshooting [g&[gE:o3
eagpg|eo:8€a0dn Integral term oo oo§od(brake)salgd c80da8&:e0:a0001

doSasqE derivative control 20p5 3a09SgiE[gSg> o3gSecr§oopd

Belopé q€fgsge ogS(very fast response)q§ cBsabeoon industrial process gpssé
Sjqpeeh 3088 056q03E cSen 30ad:0E200i

HVAC system gpsel o3qSa(responses) eg:eomaelo3pé derivative control o3 HVAC application
og€ madespSs0000n Differential term doqelopé tuning cpbepag 39053 qbeogiaonagi
0onpde[86(unstable) [gbeoaopd odlgSaqps(responses)od [gbedl cooopdi

coode0y pocsiglypiogt  digital control application qps§ PID loop wpesledlelgpsd
65[03@00500pd: derivative function o saadselgied qconieaoopdi PID logic 03 modulating function
qp2ogE BeomE:anpd oBogg(accuracy)qe$ aadgioonzoopd staged capability gpiogEoopds sa0ddq|
20p51 B=adldjrog€ modulating control loop 20p5 real device 03 control ©cp&33 “virtual” output o300
0005608 controlled variable o3 control cod[gE: [§®aopSi Second loop @ virtual output 20pd
equipment &l capacity 03 32908s0& sequence cpdeogligE control codeoggs [gdoopdi
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o) PID logic o3 copdagl: =0adgg€{sC step control logic 03E §§o0pd operating
differential 000 JeoE:0005(cuboopd) operating differential q§eo8Eo0obn FacpsolgE step gps

Ol§o0pd system gpsi step 6090005 Jqpsoopd system gp:apE FoEo00Seapady deomEsoopd

Pulse-width modulating $¢ Time-proportioning control modulating logic ¢§005008§zw> on-
off type output o3 pulse width &l vedn[g control r&eomed: [§B20p0n “Pulse-Width Modulation
(PWM)” 0peel 2000n Output 20p5 22008:c805[gbeoon o3dgns step qpsel cgdgpsq [gd20pdn Series of
discrete step [gdoopSi 086005 3205000005 modulating ¢ eoon Gd$E ad08:3k soEaraopdi Controller
& output 20p5 3agpSecppdeom pulse gpeil 20d3008: [g520odN (A Series of pulses of varying
length)i o3 pulse qpeg¢ controlled device qpzo3 control coS[gEdgdo0pd Valve $& damper gpsogE
0068080030005 step motor qpsi electric heater qpsel ON-OFF control gps [g8lo30005

Control loop ¢ output signal 20p5 control device &l position ©wr0533 pulse gp:el S
:2033aqp5(length of pulse) [gd20p5

ON

% 1an

= -
Fixed time

time Cycle
Time

=z
ANNNNNNNANNY

OFF

c:) 0-0p Pulse-width Modulation ([> 0-0G Time-proportioning control

Controlled device gpseil cooS§esep(actual position)od 038 88262005 3adlqpsy feedback
device gpio 00dso& control system 8803 input =:o[gd (feedback =2[9603:qS) Seuso0pdn PWM 2005
cood§esep(actual position)od ©euSE comelopE position 238EqS oofgreoon device ood§Ede
o06eolq] input 3:0[gd control system 3203803 deosoopdi Time-proportioning control 205 PWM
control ¢ §ogoSaonea control Sa§jE3ae0: [§d20pdn PWM 039308 output 20pS on/off pulse gpzcl
3200320082 390051 936005 time cycle 205 deoo(fixed) [gdoopdn Cycle 3203E:§ on time $& off time
o3l epdCgSa(%) 2005 elgpCicdegoopdi 0odso5:emigE cycle sanadiel 3a§§orndl0300500pd: cycle
00693203828 g&S(ontime)s& Ba5§§ (offtime) odei ep§E5S:(%) worpdloyeon

0.§) Gains and Loop Tuning

omieendionodslongyp: ent:a0pd3adl om00pd poamegpey g ognieny ool 005820000
;8 cBon(accelerator)o?  o0adisCioongls  omieeonogadfgln  m§odadeeonslfel:  ©o0pd
meoloclygep:  §o§ [960pdn  o8eo0d  agdioqifey  Gunionodamnoopdmedl  3ac8engpabadss
000500p5r 936005 3a§jE3aete0p0pd odeentioopdsedl c§od ssedisseqp oxdfgrgta Buo
(accelerator) woppB[gE:odelopé opdopesd [ge] adjust cpdg§ 30005 BsoS:0p0€ HVAC system
qp20RE §oopd control loop gpiaBcopds tune cpbes cdooobi Control cpdeepd HVAC system gpsood
0695E 0069 vopBeomalop control loop gps 320:d:00p500R0: 0PE3c86epd wupddaoi

;g§[Bioneomn  ogoSiBeapE(ware house)og€  o%:2000 heating coil $&  Boodd
:0§:c0509E 0920005 heating coil 0303E 0932005 controller agjza0n: 02680 co:§E05!
o3 system $b96i time constant 2005 opRBlo3e86epd wurcdeor Belopé controller gain gp:od
03803 (adjust)g$ c32005n Tune cpde$ a3oopdi
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Controlled
Variable

Set point
Change

3% prop. gain

" Control Point with

Control Point with

% prop. gain LA ; \ :
- I T} . . I
s S . el ™
oo .- \ . ! "—*:‘-.:-f;.'.___-'r e m e

Ty S s ;4

MY
=~ A 2 Vel b
£ N ol e T I T e
e L . .
“_# e . )
: - -
N

A\ - ! " '
| SN Ir s
s

I W

Control Point with

1.5% prop. gain Kp% is the percent of input range

required to cause 100% output

Timeg ——p

Set point

¢ ©-0§) Proportional control

O(0-0§))a€  proportional control loop turning cp&oe3  GwS[goonzaopdi P control  loop
[g6c0006{o3p¢ gain sa0:d320305 offset §oopdi

"P Gain” gpsconecw oscillation Slgdecw [gdoopd

Controlled
Variable

—— Set point

& 0-0 Proportional-integral control

$(0-066)og€ Proportional plus Integral(Pl) control loop turning cpddo3 cedjgoonsoopdi P only
control 0005 8¢) comEzamnaopdi s3:diz0305 P Gain(K,) ¢o 1.5 03§:620 [gdoopd

"I Gain” (K;) $pd:c0n@c0 oscillation $pd:c00e00 [gdo0pd

$(0-0qQ)a0p5 PID control loop tuning cpdd0d eudlgoonsoopd Set point 0ods0&[Gs 0odsot
algpEeanaopdaadl control loop gpzan 0dfg&dad ewdlgoonzoogd

HVAC system qps§ 0066502032038: set point [pE:cd¢3a§), [§6ed 8Eca0dc0pds ojdgpiage
[goom:000398 [g§eosgn olgded§Eal Heating load $& cooling load gpszacgod o3 (response)qpiyd
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06908008 onpd[yoopdn co€eagaopd Proportional gain 1 Integral gain $& Derivative gain o303
egequd[gllyé doBoqoopd accuracy $& 3eomEsoopd system stability §8EGD curve gpo oodeod
epcongEoopdi Loop turning 2000 3250008050000 8@opad [g6Gs trial-and-error $p5: oo
[g1096§ 2005

tl
i (o a
Controlled 1 7
Variable

TiMe —

Kp=2 Kp=2 Kp=2
Set point ------- Ki =0.08 ----- Ki =0.08 ----Ki =0.08
Kd=0 Kd =1 Kd=2

<‘;> 0-0q Proportional-integral-derivative control

Tune cv620pd $pd:008:0 qpeeoE g 208eagpaopd Proportional gain o saqCeds
qe3nE[grRdfG: §esaopd offset 008803 Integral gain [§& cdoegpadesnt Bewrod  spdiago:
et [gopdfge: [gdoopdn qpseamsadgE Derivative gain o3 ssaddgiecedeon Derivative gain

o33l copde] tune g€ sacg§qbeogizameloPE AB=GngIE G5205e%000 copdeny §oaopd

ocoodign  PID  gain  gp:od  rule-of-thumb  sp5:3aq  Go05c0beomEs  00GpGaIgP:
(manufacturer) gpson Go:a0pdoo§3:(recommended value)gpzzaq GooScopdeomEs wem [ojeoy
$o0pd ;eogI[oYgPiseq 6o05c0pdemE: tune crdupoopdi Control system & [glg Ge0oEGESGAB
eooenf@ gain o0§8:03 oscillation o[gd200d 3203 GepadesmE odeoropdspd: [gdoopdi Trend
logging §§€30qi€ control system i g&seaoneod (performance)o? [g$4) [3p58E20001 cde5005 gain
0083203 oscillation ©0o& [g6e0l 2005 00§36l condonde8, cagpgIom Zadi g8 00!

PID o0§3sgqpiel gb:eeon8epd(performance)qp:od coodapdag(manufacturer)gp: 0066005
$C 00660M05 APgpeg> 2d:ecy §oopdi 32603,35(03| SgpPiopaopd =ogS§03033a038: doBoqgn turning
0068Ec860pdI 3200050lsp5:0000  F260mEe0s ©UPEdEaTHCVRD: ofengd GoMEigsaopd §SH3
608 Ea0pdi 3098 aBogj00pd loop turning $pS:qpea? 3203g§ Eoopdn a3ea05 manually [geodes sacgs
005082081 ©05300p51 so),6o0n digital control system qpsogE automatic loop turning software
AloCoopdi epbon sanmp8 $¢ ©pdoopd input ©cd32653 software [§€ sacdeagpod loop turning
[g1c968E20p5n

Proportional control logic 03E process gpzaopd q:el§pE3e03E: s0050be50005 (linear
relation)op  oasoconooopdn Error o3 03050900003413  doeomeag, characteristic  qpzoopd
operating condition $& ©2005a3& (independent)opcopbs vpsocosapdI CVOS60R process gp: 8%l
function 2005 non-linear [g620p51 adefoypE PID logic 03 operation condition qps 932:0d: 350305 error
o§eznE(zero error) apdes 309800552005
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(- J)ogE [goonzaopd heating coil & valve 20pS sas5:cud g&Q9E supply temperature 20p5
s qegSer [gEonodogaoopdn oBadeam characteristic qp:o? steam $& hot water o3
adigooneon heating coil g€ 6oy [gqopdi Valve 20pS §0% gE[G:(opening) [Bse5005
65005000 % 20500:c0d9E[E supply air temperature o3 sa500:c0d0m efgpE:deooopdi Hot water
a3000d steam flow rate qpes§S§opC sa0gSeomiigSoopd control [gdesmE turn cpdBiesood flow
onjeoCsognsoopdeadl control  0opd o3:kodqs agm:8Coopdn 0odspSiEdgE ojgSq  (response)
526038098 86001 Bspdiop flow §6og2:0009 36[geresre turning capdoo:apd control loop 2095
flow [gconoopdsedl odgSa(response) 3a0gSaqiClgSamfGe system o3 ©oopbefBd (unstable) [gbco
§E2005

Dynamically self-tuned s300p5¢n sa0g§cBoyieoon(precise) control §§g$320305 operating

condition o3 c3a5¢) gain qp:03 3c8eagPdl Fs0a5e[god elgpticdeusesgl: (adjust cpdesgEs)od
aBc8aopbi 32§),6000 digital control system gp:ogE cBo8eoon dynamically self-turned capability

qp:dl§[gCiclopE system 20p03¢) “robust” [gBoonoopbi codspdimmndgé odlg$elgS(fast responding)
co020pdi Dynamic self-tuning do€aqié manual tuning cvde$ ecd3abeomelopE commissioning

0062005326l 3:§§5E 0rE0q0§05 2005000001
Non-linearity [gooosna3 alggqliqs sofepseoomnspdiondeen fuzzy logic o3 saaddggt: (&b
Fuzzy logic 20p5 PID control logic gp: 20305 $p5:0po00008 [96o0pdn Fuzzy logic 2005 cogp:

ofsonzeopiedl Gt 90dqodgodgo0pdspdi0d Fa0p0p0  control action gp: [gapSoosgls [gboopb
Neural network $C artificial intelligence o303 soadigoon:eoon self turning technique gpsoopd
operation condition 3>§e§gogE control system o [ged(behavior)od eopaxf@: control 320305

20&eagpoogd odgSa(response) & gain qpzad 0odgEd60gE: [gda0di
0.6 Control Action qps $& Normal Position

Control action qpso3 Direct Action (DA) $& Reverse Action (RA) oa6] 56§ 3[epz00p5n Control
0p0qd 32683260l [gbeax control action a3ewrod control direction 20p5 controller @ output signal

o% controlled variable i G@)&cﬁog):ooé direction rr% sgo@ésj ecﬁ@@& @Boaéu

Direct Action(DA) e320p5¢n controlled variable & 00§3:qpsconaopbséeag| controller

output  signal  0o83:qpzenfgl: [gdaopdi Reverse  Action(RA)s320p5¢n  controlled  variable
008§ 3sqpc00p0sE 32| controller ¢l output signal 0o§3ss05s035gE: [gdaopdn

Cooling valve pows- ogodecusepd(discharge air temperature)od set point o€ cB§:c0n:q
cooling valve o3 saadigjoon:00p5i sa0nude) discharge air temperature 2005 set point cood [g&esolon
controller 20p5 3qp:00pd output signal 0o§3:03 coodeusom valve o3 ool eqesas(cold water)
qp0?  coil 3203808 ofeepod cooopdi @S (temperature)  [gEcoooopdsadl  signal 0088
cBodgpreoteomelopé “Direct Action” vp 68l 93[gE: (805

Cooling coil 220305 direct action [g5$ c332600p5n Heating coil 920305 reverse action [§6qed

Heating valve poed - cood§eapd§ (temperature)oopd set point 0005 866520053581 controller
& output signal 0o§3:03 gpzeof: heating valve 03 3g&eoom coil 32038593 hot water(steam) qpzo?
o€eepndeoaopdi
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Control ~ action &320pd @dlomg(term) o8 203BesggE =oadigdh cvodeog o3  control

variable &l afgp&:cdogn20005 direction o 226[gde) GwS[goooopd 8320503 Bej saadiqpioopdi Two
position-action 1 floating action 1 modulating 2025 control mode gp3copds control action vpg) 6lgpsd
@b Control  logic gpzodcopd:s Proportional action 1 Integral action o20fg¢ control action o[gd

e[l cep§oopdn

Max
Position \
\
-J \
Reverse — \ e S Direct
Acting \\ Acting

Control \
Output ;

\

\
\
\
\
. : \
Min. : \
Position
i ] Throftling

ontrolle + .

Rarige

Variable 9

\\\\‘Setpomt

c;) 0-06 Proportional control

$(0-09)20p5 Proportional control logic o3 »04qjq) direct acting $& reverse acting signal o3
2006006003 6ed[goo:aopdi Output signal 2005 error signal $& 0305805 sagjzoq)(direct proportion)

elgpEsadego0pdn 20qP8yaciy¢ equation 1-2 03¢ cuSlgoonzoogdi

Slope line & 00§83z (magnitude)oopd Proportion gain & 0o§3: [gd20pd Slop Sicoozam
(sign)20pd action o} eedlgoopdn Direct action 220305 slope sign 2095 positive [gdoopSi Reverse
action 830305 slope sign 20p5 negative [g&aop5n

O(0-0R)0g¢ [goomoopd throttling range 2095 controlled device [g620pd valve full-open
;aefgmeesel controlled variable 00§3s0 valve full-closed sacfgzacsel controlled variable 00§8:03
505005 [9b20p5

Set point o3 throttling range &l 33c0050R¢ wdlgoosaopdn Two-position & floating control
0(0-G) © O(0-0)300803¢ set point 03 2ag§:0d0a50RE Gudlgaon:aodi

aB383ac0pd5  eed[gfgEs0pd  Proportional control logic 820305  od:blgba0pSi  a3eadd
c00de0z03¢ set point a0pd saadigjop(user) &1 220I12632: $62005¢03 A30Se) e[gpcd eseomeloPE
set point 2op5 throttling range 22038 ©pda0p) esepogtesd §es8Cooodn Set point 20pS throttling
range fully open esepozEcopd: [§88E2051 Fully closed egepogE copbs [§6e5$8Ea05

Damper gz valve q_p&?@ switch gp: ooapé controlled device qp: Normally Open(NO) position
$C Normally Closed(NC) position ua¢] position esep $6§je§oopdn Normally Open(NO) o3 “Fail Open”
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0pepd: esladey §ooodi Power supply qodeomod§§(fail)ogE g&(open) esepd [gdeomalopt Fail
Open 068l B[gdgdoopd

100 4 Closed

2 75— 2 75—
g N Il g N Il
] ormally il ormally

5 50 Open 5 50

€ €

8 25 — 8 25 —

0 Open : 0 Closed :

~— SETPOINT * ~ SETPOINT *
Controlled Variable Controlled Variable

Direct Acting Controller

100 = Closed 100 —5_ Open
3 75— 3 75—
o Normally 3 Normally
5 50— Open 5 50— Closed
'g IS
S 25— S 25 -
Open Closed
0 : P 0 :
-~ SETPOINT * -~ SETPOINT
Controlled Variable Controlled Variable

Reverse Acting Controller

c;) 0-0@ Control Action and Normal Position

Damper gpa valve qp:sC switch gpsei normal position &3o0pSen o3 device gpod
Gus0ons00pd power (electricity power o8ewpod control  air-pneumatic 320305) w§oopdeaslopt
eepodesepd position [g6o0obn Device gp: normal position 0t ¢Eqsi dodqeaogad oo§§(spring) o3
self power 000560s0pd 03§u3a[gd copdagEsoozoopdi

Normally closed damper o3& ©0§§(spring)o? actuator odog€ copdaon:oopdi Actuator o3
Gu30030009 power supply o3 [§o5e0m05080500pdmadlogE actuator 3a038:q ©0§S(spring) 2005
og$ionse) damper o 30560cd6wobi Normally closed damper &3cq€ oo§$on Bodeso00d
32653200003 6epadeInE 5§:8050880pbi Normally open damper &8cgi€ 00dSon gEes0000
326532000:03 6epodesmE 038:eE866051 Ba3o3djs damper o spring return damper vpesl 205N

:n0dq) actuator 32038:5 spring 000 A€ power supply 03 [gode005c8052005 324
damper 20pd Gepodesaopd esepoztom qiesc88updi(Stay in the last position.)n o338

damper/actuator o3& normal position edlo€eoi

Three-way valve qp:og€ diverting sa§jzeonisC mixing 3] $6§e§oopdn Diverting 2095
08o0pd water oBewp0d compressed air o3 steam $&§j sa[gdadeepodezNE Feusoopdi Mixing three
way valve 20p5 stream $6903 cepe§2a32:63:0E vSE0sORdN
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Open Open

—> S
3 3

1

“ '
2 2
Mixing Diverting
Port Name Alternative USA Eurcpe
1 Control Load A E
Bypass Bypass B L
Commeon Common AB C

Three way valve 03¢ Al§eoon port 9329 325050 006905 common port [gd20o0n Diverting
valve o3& common port 2005 entering port [g8[8s mixing valve 03¢ common port 2005 leaving port
[§620p51 Normally open(NO) 20305 common port 2005 power [§deom05[gE: 9qo0pd 38loze
gCesc860pdi Normally closed three way valve 2005 power [godeomod[gl: $qoopd sasloge
common port 2005 3odesc86epdi

Three way valve 20p5 Normally Closed (NO) [gdeo Normally Open (NO) [gbco cqB:
e50p500 [gda0pdi Coil 32038:03 aqB:0E[gE: & oo ogn[gesoopdi

2003[gq$ =2q0d¢n controlled device &1 normal position 2005 esod(every day) 9o 0pd
006§ 9Ceso00d efgEacs B0des00d 336[gEes03 Bad[gE: ©wrOAAl

Outdoor air damper o3 Normally Closed(NC) s3[g® [groSoon: 20oopdn e§32§85 fan
eenliesod outdoor air damper 20pd gCesBr GogP: 36e000535832038:08  oegpodesqeRdi
pomg§ fan qOcsoopdaadlon damper dodesqs cSaopdi B:go5o0p0sadl damper 20pS(NC (o)
8obesr BpSaps 2080dqp: ofeepadgls 8:d:qps ofeepadlgtie mEieoieoapdi Spring return
actuator $C oofgp: device qpzoopd power ooopdzasloge fail-safe position o3¢ §esesant [gpd

002300201

Fail-safe position 2005 2005¢05002500p9 normal position 0odglgdoopdi cdsogCaes(gts (fully
open) a8ew0d cd:0dodes[gts(fully closed) [46g§ wadeon pown- outdoor air intake coil &1 hot water
valve o3 Normally Open(NO)33(g6 [giapSoozeca§oopdn adeaon power o§oopdsasl hot water 20p5 coil
32038:03 20058:008:65[G: freezing [36[gE:0 0a3058Ewx5n Supply fan & inlet guide vane $& outdoor
air intake damper o303 Normally Closed(NC) 23(g® [gcpSoonzeedi

Fan $& damper 0303 inter lock cp&a0&2005n Inter lock 832005¢n fan §6o0pd o8l damper o3
Bobaonieamt [grodoond: damper ogEad fan cunl) eqesnt [gepd[ges [§620pdn posadl supply fan
o3 §6c8050000354] inlet guide $& outdoor air damper 63copb: 33c8eagPad dodeoqepdi od:dsMiyE
control  signal e§eono0pd908l Bewrod zero [gdagniopdaasl control  deviceaopd normal position
B8 eepodagnic86updi Control signal 0o§8s qpscon(gEsgé controlled device 20p5 dwSesep(normal
position) ¢ Gosp oo[gP:dendad eepodogaeaopdi oBelogpé normal position 2o0pS controller &
control action §& process plant 2092300380507 a305p8esE §eso0E0di
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poed- O(0- J)ogE [goon:aopd heating system o valve o0pS Normally Open(NO) [g6qopbi
Controller & control action (thermostat)oopd direct action [gqepdn Controllere control signal
5500000058 ang) valve 20pS normal position (gEesepe) eeosepal (80500pd000503) eepadognice
c8%opdi Valve ad:08058 220305 control signal 20p5 3a[gCedi00$3s(maximum value) [gdeepd
oo duct 22038:§ Gcom0§S [§Eonodanag€ control signal el 0o§3:c0pd: gpsanom valve
8o5ognic860pdn Valve 8odagoigtselompé coil 3a09€:08 8:0E00005 hot water flow spSsognsom over
heating [g6[g&:¢ 0200305880005

&(o- J)¢ heating coil o3 chilled water coil 25[g693 e[gpE:admdag€ control valve 2005 Normally
Open(NO)ox [gdepdn 93ea0d  controller 205 reverse action [goqepdn 2094$ [gEoo0damgE valve
2005 ¢8qs c8320(8s chilled water flow gpigps 8:08q§ 332000051 Valve gEq§320305 control  signal

505 qopdi spo0delopEadecsd 20§S (temperature) e[pEso0pd e0§0yEon05a3 controller oo
0066800¢ Gosepdl 00dspdi3adgC reverse action [46qs 8226000

Table 1-3 Required control action

Normal Position

Application and Controlled Device NO (Normally Close) NC (Normally Open)
Heating valve or damper Direct Action Reverse Action
Cooling valve or damper Reverse Action Direct Action

Heating $& cooling application qp:sa0g05 control action $& normal position 03 8005305003
@u3(0-p)0RE Gudjgoonzaopdi &(o-op)opE ddeondagudd(relationship)qp:ad schematic [g& Proportion
control 03 22034g8s cuSjgoonsoopdi vooedigo fail-safe position [gbg$ 320305 device o3 c8odq)
aoeagpeoon normal position 03 egegddli oBesnod process plant (heating plant o8ewrod cooling
plant)ei c0omosé cofengpesnt egiqudoonsoogd normal position o3 sacfgde) reverse acting
[900800p5 a3ewpod direct acting [gdoo&aopd ©20pd controller & control action o3 ©3dgoSdh
oy 00dpodep msoloclgd) oop(conflict) §3aqi€ controllerel action o3 elgpEiogcoqs
reversing relay o3 copde] 32034g§E20p51 pown- Normally Open(NO) heating valve $& reverse acting
controller 03 3223dga3cq€ reversing relay o3 copbdl
0-q Control Range $& Sequencing [gjopSd

Gain o3 adjust cpd[gEsgE equation 1-1 ¢ 1-3 0gE A§o0pd control loop ¢ output 0o83:03
s0:e3m81 gpreant [grpd8Eaopdi Error o3 c3obq) gain o3 adjust cpd[gEisE output 00§8:03
3203832000 0d93p03E: scale pE&E0p5N powd - control loop 330305 controlled device 205 fully
closed [gdes[d: 0% ¢ 100% 220pC:0E §8Ea0p0N 0% 20pd direct-action loop 320305 controlled
device 2005 fully closed [g8esfd: 100% 2005 full-open [§6q§ 320051 Pneumatic controller gpseh
output 2005 3 psi © 13 psi 32038 (96005 Electric controller qpsel output 2005 2Vdc ¢ 12 Vdc

320385962001
Controller device qpsoopS controller cod95& comEsgy §odesocdfG: 320pEE8EQS controller
¢ output range 205 controlled device gz 00598005 control  range [gdqepSn “Control range”

aBo0pben controlled device gpzn c0o5d 0[g§8Ea005 control  signal range [gboopdn powd -
pneumatic controller qps&i output range ¢o 3 psi ¢ 13 psi 320pC:gda0pdN Controlled device gp:&i

control range 2095 controller &1 output range 320385000 §eepdi
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Pneumatic device qpseil control range 20p5 3 psi © 8 psi 22038: $¢ 8 psi © 13 psi 3203E:
[g020p5n Control range &l 32g8:0060050055 device 20pS fully closed 2Bowrod fully open [gbes
c860pdn pown- Normally Open(NO) pneumatic control valve &l control range o 3 psi ¢ 8 psi 2203C:s
[g90qi€ valve 2005 3 psi § fully open (9653t 8 psi qoopdsadl fully closed [gdesc86epdi

Controller
Set point [
| DA
T NC NO
% Il !
Airflow
i T
Cooling Heating
Caoil Coil
Open =
Heating
Coil
Valve )
Position Gool{ng
Coil
Closed {
0% 50% 100%
\ —
Controller Output

¢ 0-Jo Sequencing

“Control  span” s3a0pS¢n> control range ¢l Sagpiadie S9505:90:03 05000 00E3s
[020p51 2200053 pneumatic control valve & control span ¢> 8 psi -3 psi=5 psi [gda00

20&eagpoopd controlled device qpsi 20&eagpoopd control range $& 20&eagoopd normal position
qp0d  egequdq)  controller  0od9oopbocn  3203gg  Iec3§eoon  control - function  gpiod
066eE8E0pI  geodoomeomn  gE:ealsCooodedEaopd  opdindigpi(energy  code)saq
g&s3a8u[g)S:03:60q$ valve gp:ci control range 20p5 over lapping c[gbco)

powd- heating valve ¢l control range o3 0% ¢ §o% 3203C:000 3393g[Gs cooling valve 6l
control range ¢o §o% © 000% 22038: =g[e: [§60pdn Heating valve 2095 fully open
(controller output 0%[gdoopd =29l) [36e5[Be controller output 50% [g820p5324] heating valve 20p5
fully close [36e50880pSi Valve aopS(controller output 50% [g6eso0pdsadl) fully closed [gdes:
controller output 100% [gdoopd3adl fully open [96e5c380pbn o8eo0d ASHRAE  90.1-2004
2005005gi05qp:aopd  overlapping  ©[gb§sC  ocdeconodeon  Gontioqbeomn  0pSgPiopdiondigps
Alo€oobi

1-31



HVAC Controls and Building Automation Systems GomEs005038

0.6 Control Documentation 1 Maintenance and Operation

Control system gp: 99:09:03 05600073 9050084(G|PCoqERdI BBe0d0E:gPIRE 20EIES
sequence gp: I/O point list qpai data sheet qpa damper qp:@(? valve qp:c;ﬁ schedule gp: control
drawing qps device gp: §oopdesepyps(site plan location) 320305 control device gp:sC remote device
qps input/output point list gp: do€qepdi Bongodenandigpis drawing qp:od cd§joopd esepagd
a88:e0pbsoonsfGs  Feadigopyp: Zacgudonoy  [13pdg8Ceoqepdl  onbsoly(installation)  sadsds
[B:Bsoopdeg005 Testing & Commissioning [G:Bsoopdsas] q§oopd qeoS(result data) gpzoBeopds
Nealo it BaIe catteblezebion)

Control ~ system gps sa0scdemocRod :§50s [g[gEadS:08Gsqqps(periodic maintenance):
aoeaqpepd adjustment qps calibration gp: [gopdes 832600051 00dsdgE $6[036(semi annual)
a300p0d Goio3b(quarterly) [gir9bao&oopdn ASHRAE Standard 62.1-2004 opC [gge oB§:0864(qCs
(maintenance)s¢ 2005a38a00) 32q/05qp:ad eedlgaondBs outdoor air damper $& actuator gpzod oo
8[R8 obesoigf cwdgoonoopdi [g[gSets 0B§:864gE:0d [grodoopd =08l osbonay Gegoon:
©05008:00€ 0020005

-End -
Contents
0.0 3200056[03p¢ Control System gz A8350$DDE? ...vuvvurvrcrrrinrsissisersse s 1
0. J Control cpO$o0:gPE O3ODODEIIG . .vuvureeieriissis et 3
0.9 CONLIOl LOOPS c.ceviiutisiiiniiinstnstsssssss sttt sttt st s st 5
0.G CONtrol MOES ....ucvuiisiiiiiininsiisinsssini s s 9
0.§) Gains and LOOP TUNING ...ccuviiieisimsmsniniiiiiiisiiesssiisnsssn. 23
0.6 Control Action qps $& NOrMal POSILION .....vuuvuviciicieiniessnsssssssss st sssssssanens 26
0-q Control Range $& Sequencing [GIAPOO ....vuiurvciriririneisss e, 30
2.6 Control Documentation 1 Maintenance and Operation ...........cccvverrieiiininneeceeins e 32
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INTRODUCTION TO HVAC CONTROL SYSTEM

@odom

0.0 3005e[opE Control System qps A880620505:? 1
0. J Control cpbsobsqps 0320005000 3
2. Control Loops 5
2.G Control Modes 9
0.§) Gains and Loop Tuning 23
0.6 Control Action gp: $& Normal Position 26
0-q Control Range $& Sequencing [gjopSd 30
2.6 Control Documentation | Maintenance and Operation 32
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Chapter-2 Control Systems for Buildings

J-0 Modem Control System

69058 2:068000538qp:  GodIgEPLdmEigrss  efficient [g0go  copSucdeses 30305
©8n§2005 control system gps §q 32600001 268000558 35038: §esongps(occupant) cooSeanE
200500 (comfortable)gbeogomens HVAC plant qp: efficient [gdgo copbood(operate) §EqS3a0305
600582005 control system gz 832520001 HVAC plant gpsoopd oone§ 3ad§qpiogE aoeamn (03008
0007200220009 226[gEaesqP:0R5: GanIMENSFE> CVPSLodEsgSSa0pdI 3680005358 090D
69058 20508[gEa$ 200305 3¢) 9053 $053a0p5(sophisticated) control system AJe$ c3z60003 oo
§:qC20pd 30680005358qps5c0pd: ey 0§m§205 control system oobsoaondlon Faofgp:
02005

g&iaCagom(gla(energy saving)sé  ofcda3bemfarl [gdedeoap) enodegaoodagody
(greenhouse gas emission)gqp: GoqRY¥EqS 320305 control system qpzoopd saeqE3k0Rd spef:
e Clofoopdi 0pqo [gdsd es00538:] digital $pS:0pgp: edlagss cnfBiesnnd data gpiod
sequence of number qp: 23[9 G[PE:BEFR0I woefan analogue value gpiodom G
(transmit) §E3[o300051 wopmedl digital data qpsgE sooSagud(communicate) §E3(gEselopE sae0:
$05:00000051 32622006900dep [gbed don god[gE:a88E200n Error detection cp&8E20p5n ¢) By
cno0pdi Bme§§e 0oolq) Direct Digital Controller(DDC) qp: edledodonfG: data qp:ol oan&sgé
GedlgoonE0pd F2q053a0005gp:(numerical message)sa(gd egpEiadq) cod[gla cn[gE: ooopd data
communication §p5s0pagps 03:000500p5

Data communication §pSs0pogp:a? saadigfgEselopE variable gpzel 0o§8s(value)gps a0
opdaop) origin device ¢ 6pSoopd destination device 8898 cusdaopdi 3aesgpeglgts (error-checking)
[1c95[B: [3020p5 02005 sagjedsacund(information)qpa3dl a3§8E0p5n a8 data qpo?  device gps
3qCsqCs $0:00p58Eq8 Bogoopd structure (g€ oopSeeon0Soo0pd data communication protocol
o ot o30S

2-1



HVAC Control and Building Automation Systems eomio0d038,

Central computer gp:ei 0305g/058Eg6:(computing power) aq€lg$gn 030005 eseameloPE
3q) 9053qbcogs(sophisticated)oopd coScss(central function)qpsod cpbesoné cn§EG  energy
consumption monitoring 1 report printing 1 trending 02025 3=as0&[gEa0pd cSCSs(function)gp:od
0066800E Cn8EF[og0005

Microprocessor qp: edledloSamnlgéselopé monitoring $& control function gp: sa:09:03
central computer 028900p5:n cpdesotengs eadzateomeon Microprocessor qpigé [giapdoon:apd
Direct Digital Controller(DDC) 20p5 monitoringi control $& communicating function qps sa30d:03
intelligent (96> [gipSeu:§CaomalomE central computer qpssé supervisory controller gpson Direct
Digital Controller(DDC) qps sa0:dseil action o3 supervise cpdgs alarm qpsod cooddopfgls set point
g0’ elgpseofgasC schedule time(operating time) gpod egpEseodgés oo0pdodndom cvdeamnt
cosg§ 832600001

Data communication $& Local Area Network (LAN) sp5sopongp: oBsonoSconge(opé DDC gps
$C PC gps 22[g$30008 90050300000 §8a00n Network gqps 0069$E 00d9 90050305 (communicate)
§E[g8:clopé 8CedlCiqpsgy cosoges0pd Fee0d0dmBgp: 09000y §odeood(Gs 0008: ZagEd
F20005¢P: 383200 BruSom 3006005 (operate) $Ea0pd

o3zaclopEsqpielopE Building Management System (BMS) 2005 3¢) 60058 03:0005 conoopdi
0036038 9Bc32005 control system 2000 3268000533 P 22038:§ control system gpzodoon
aBcBo0pdn Building control system qp:ogE control element qpsi controller qpsi network gpsi
communication device qpsi central controller qpsi software qpss& database qpz clo€[og0005

Building Management System (BMS) s32005¢0 92680005338 service system gpso? control $&

monitor cp68E0pd component gp: Boopod device gp: agLiqt: ;[gFecHs 00dRLSeS
(communicate)330305 §ode005004{G: Ggepod9o5s(single point)e BdesS(manage)8Ea0d system

o3 8cBoopdn

006560053 GegpisC ©0dggp:  eyPeggILPSLdaS(operation)sacgod  Bigsees(business)
822003 spcgfmngs  gpigeoopd  coontisagedsacond(information) gp:o?  process cpde$
83260005

J-J Sustainable Development and Global Environment

UN world mission & 2805 ¢&adqodeaq sustainable development e300p5e0
6§0E§re00d00dgps(future  generation)el  3=a0g0dgp:  Glgropdeospd  saepypod  oeondgt:
(compromising) ©cpd3d wes GEOEE05Ee05 B30gqEdqp:  elgropdeoepd  03:and§Rke
(development)gpzo?  a8c8o0pdn  0odspSimndgé  eIedd  qpbgudqod(objective)  cro:§jad
083505 [gpdoeo[gE: [gdoopd

(0) o3&zl A33a0505qP:0d WSS 3a83a005(gjoTE00pd oBs00deqp: (social progress)
(J) 20omoucdossoyE(environment)od comEign ado 030z0d cB§:086:0004gC:

(p) 20000 3aqC:m[gdgp:(natural resources)od conCaegpod(gls $&
(G) Bsyrseqpang oBi000d[glsC 320062003E q§ee; o3gdaopd
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J-J-0 Energy Efficiency
g&s3aEqps 300 LadigqesNt Iee0o0dme(building)qpiogE oodeoaonsaopd BAS
system oo 6800Eg0de0E0R0I Feecr0dmByp: Ve pducdeseoa$30305 c3aabcom @b
(energy)aopd e30050lzagi0dgpied o3¢ @onpSoopd
(o0) Building envelope $& 200593E2005 thermal efficiency
(0) Thermal insulation (2 S:onsaqpod 020008E[gE:)
(J) Air tightness (22680005358 crocdgEs)
() Provision for passive solar gains (eseepqp: 36800053382003E: Gepad§gt:)
(9) Indoor environment &l (3326g/05¢p:
(0) Temperature schedule
(J) Ventilation needs
() Humidity control
() Indoor air quality
(9) Lighting requirement
(6) Hot water requirements - lifts and mechanical services

(0) 22680005358 320384 process qps
() IT equipment
(J) Industrial process

32000501 3qIodgP:0pd 3600053380009 descopbuodeseSse  Bigmiees(business)soq
cB820qi0dgp:  [gpd8eogsaaogad  =adgeepd gd:maC(energy) [g6oopdi ofgbees 3203dgqepd
(0%:8qepd) gd:maCowan [gdoopd

005§ od:ges0pd gdimal(actual energy expenditure)o 0§00m0SaNEeS B2a62005
g&saaE(base  requirement)odsodogf  omagubomseBi8Ca00d  gdimaCecocgCy(avoidable  waste)

0N qfoodi
eagpgSEanpd erongte(avoidable waste)qpsaopd 6320050l Fa6jopEiaa§jE§jrelo3pE (46§05

(o) Poor time and temperature control of the building interior

(J) Ineffective utilisation of internal heat gains

(p) Plant oversizing

(G) Excessive ventilation

(§) Low operating efficiency of the HVAC system

(©) Poor system design and installation

(Q) Standing losses $&

(9) Unnecessary use of artificial lighting and air conditioning o3 [g620p5

3200053 3gi0dgp: 30200000 control system $& 000563E20001 GrocgCe(waste) gp

spd:ag0:e8:E control system o [gopSe0:8Ea0pd a80o00Eepieom Sagndgpien-

(o0)Heating 9300p05 cooling cpbeuigepd Fa§SeP:d 00058E0gs05:e37mE m§oocdooq
cBead0ecmn0d0m Gog$i optimal start/stop strategy qpod saadd{gg$ $E occupancy sensor
qp2o’ 006e08e) 20ddgjop §eoo heating $E cooling Gozg§o? [gBaopdn
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(9)oc332600p5 copSucde(operation)gp: o[gbeoqs [030o€ omagud[gls $&
(0)Equipment gpz $0§ 3200600p0[gEs(malfunction) 98ewr05 inefficient operation [§desclon
2q$8 0003 (warning) cusdeSae0305 eontogpd(gts (monitoring) o [g&aogd

J-¢ Building Control System

Control system 006903¢ 336[gdsandg 328053238 (element) adsdje Slo€aopbi Sensor cod
controller 069 $& controlled device(control c¥S[gE:dao0pd device) 03 [gdoopdi &(J-0) oz
eedlgoozaopd Sensor 2005 20¢§S (temperature) 8zas(pressure) 02005 control variable odd§je§jEo?
o3&:0pG: controller 0da3 Jaos(transmit)oopdn Controller 20pS sensor ¢ qoopd oo§3s(value)o?
:26[gdg) 03059056[gpS[8s controlled device s893 output signal cocdeoza0p0n Controlled device 20p5
load output 03 efgpE:cdeozoopd

SETPOINT
FEEDBACK
- - SECONDARY
CONTROLLER INPUT
CORRECTIVE
Sensor | SIGNAL
& FINAL CONTROL
ELEMENT
Controller MANIPULATED
| VARIABLE
‘ PROCESS - DISTURBANCES
Controlled CONTROLLED
. SENSING B VARIABLE
Device ELEMENT -
c’;) J-o Open loop control system c[) J-J Feedback in a closed-loop system

“Closed Loop Control System” o300 “Feedback System” qpzoopd controlled variable o3

feedback 32[gd [4$02005 loop gp: [§920pbn Feedback [gSeupoopd control system qpzod “Open
Loop” 936005 “Feed Forward System” op Gsl 20051

Temperature

=] Controller |— Controlvalve - - — —p] Heating coil
sensor

— | Control system [

<} J-2 Common control system

0)003p6038 Gedlgaon:aopd control system gpzaopd closed loop qps [§8a0pdn O( J-p) 0gE
208:309$03  setpoint i3€ eepodescoqs 0B5:002:003 cudgooioopdi eSiIegs §6esdon
heater & output o3 Sgqpseoaopdi

Heater &l output qpsgEsalomé s0o:im00§E 0B:ana0pbi Blgonndamnapd s20p§ad sensor
¢ 03&:0pq) controller s8o3 Geoza0p5i Controller 035 03&:wac00:2005 controlled variable 00§38z $& set

point 03 §E:0pd0m 20engoaopd output 03 coodeozaodi
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= -
Motorized |

valve '—-
Return air ‘
¥ — e —

O

DISCHARGE I
AIR ’ HC
Supply air
1 |
FAN Qutdoor

air
HOT WATER Air handling unit

RETURN -=— |—/ <— Hot Water / Chilled Water

('3 J-G System using heating coil 9 J-9 Air Handling Unit’s controller and valve

THERMOSTAT

DDC | controller
HOT WATER

SUPPLY Temperature

Controlled device qpsei cpbesony(operation)oopd sensor ¢ ©o50pq§oopd o0§8: (value)qps
edopt =aclgdaopdn adeadd controller 0od9oopdgE measured variable qpso? e[gpEdeogEgts
o§eon Weather compensator 20p5 open loop Proportional control &l pow> 09 [gd20pd [g€oecost
2003 300G heating system oo 0052005 200§ (temperature) o3 control cp68Ea00N adeood
a3 control system 2005 =0e8im0038:5 3c3§0pd S (temperature)od gfesa0pS ©g$Ea0p503
©a388con  Control loop 0od90pE input signal gpsgo §8Ea0c8 output signal gpagocopds §8E05
Control loop qp2go03 00d9B:00d9 soCamsoom §odsonde) control sequence 0369 [giap&8Ea0pdi

——
m
>
Q
3
o
P

Final
Control
Element

paf N
I
1
I
I
\_%_
-—

v

-

— =y,

1| ducer

1
1| Trans- |,
|

\
Example-RTD |~ =¥ ~

- — o — -,

- - o o - -

& J6 RTD ¢ 03E:09000:0005 320§§[9E valve o3 control apdaonzoopd control system

Controller & input $& output 030000 =oq$sSsaq egplidesaopd 0o§8:gps(continuous
variable) [g8[032005n pEcSigl 300384 control system gps3 interlock qps [giap&oon: gaopd

System o0d9adie 0obesepepoRd Salgnieoon variable gpisé cwo system oodedi$E
sood0besomaelops interlock gp: §a§ 332600001 Input $E output sagpzeo0pd On/Off afewrod
Open/Close ©20p5 2000 §oopd Binary Input(BI) $& Binary Output(BO)qp: [9620p5n Digital
Input(DI) $¢ Digital Output(DO) upcopds ealedl elpadeny §oopd
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Control system 33038:§ 32§|,6000 component gp:o0pS component $8§g0d adl8:condgEs
[g6 2005 powd- Thermostat

Component Example
> Sensor Thermistor
I
Signal . L. .
conditioner Linearising circuit

Transmitter 4-20 mA transmitter Thermistor
Set point
i Y
Controller Pl controller
Y
Actuator Valve actuator Controller
I
Controlled Mixi
. ixing valve
device
Y
Load or Radiator
process
Valve and actuator
Controlled Room
variable temperature

¢ J-q Control system 00690 dloCoopd component gp:

J-G Control Modes

O(J6)0p¢ eudlgoonieom gEutiagudopanpd closed loop system 0o69[g¢ 00n€[oy qesanti
Control system 00896 03[g$d(respond) $& controlled variable o3 efgpE:cdeoo0pd $5:qp:a3 “Control
Mode” v edloopdi condeog,cpbesiglopt sa0dgesa0pd control cpdspds(control mode) sadds
§oopdn oelopE 88 control cpbedaopd 2acpbsE control mode o305863:¢E egegEbonddes c3e0
205
J+G-0 Two Position (ON/OFF) Control

Two position control mode é control device q_p:oaé saqp:a?:(maximum) output §<§
5p0seds(minimum) output opg) output $6§E300  ESE0EEES powd  On/Off o3ewrod
open/close  o3gboopSi Control system & oo controlled variable oresla0pd 3208§o0pd
:20q$ (desired temperature) a30005 set point § 08§:c00:q8 [§®20p5i Controlled device 3050005854
(Qes000 308l)  $& 9Eo0bmdl (eenliopdeadl) =0dE [Poisqod (200§S $6[eCa [4E[gE:)
[g6e0lcncBGopdn  Heating valve gCes(ON)eso0pdme80d 32083208 (space  temperature)
oolgpSHgpSs [§€0005 cunom sensor output 20p5 set point o3 cogPagSF8edN
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Heating control § 3208:320§82005 set point coo dqpeognsgt: (SpagadgEs)n? overshoot
[g620p50p eeloopbi Cooling control S set point cood Geszasognsaqi€ over shoot [gdoopSwr
el aopdi

Heating valve o3 8c5c8050000sadl(switch off) s0§:320§$(space temperature) oofgpdegpd:
ojeoCsenfB(§6cxn(Ge) differential cood $6a30:0880001 oBesnad controller 20p5 3208:3208$ (space
temperature)od set point § o3$:q% [3ponql: heating valve o3 ¢&qSi 805§ output cpodeos
65036601

Swing Overshoot
/\ T /\ ¢ f Set point
Differential

No
accelerator

iUndershoot
] ] ]

v

i

3

=

g Space temperature

CE" -------- Accelerated thermostat temperature

@

F [ ] Heater on

L —~ Set point
With K : ; \ k
' . ' o ' ' S M
accelerator ' f Y X ' : v k .
o NS Vo o Swing
oA Dy Sl P i T

Time

¢ J-© Two-position(on/off) control

Upper limit $C lower limit $&¢[o3p:§ gap o3 “Differential Gap” a3eupod “Differential
Band“vp GGSTODéII American Society of Heating and Air-Conditioning Engineers(ASHRAE)
©3p04qp:03¢ “Deadband” vp 6q;z00: 68l edl cp§oopdi

Differential gap 036005 deadband 32038:5 output state 20p5 “"ON” state copd: [§6$Ea0p5n
“OFF” state copbs [gdes8Eo000n 6500580 switching cpboonsdoopd saclg saesedlogl goooboopd
Heating valve 305[Gt0pdes005 3a§§s0500:c0d [03pa0pd03Ceant 308000000 005005
[480205 e5cB8G0pdn mo00SeloppEadeodd radiator =2038:5 §esoopdeq(hot water)aopd S
325p0:c05 [0p20pboBEeznt peseme[oPE [§020pdn :§S corSeaneamnaeoé [gdaoSi
Two position control $05:03 a2%4giogi€ 320§§ [4Conadgts ogeotdgs(temperature swing)
olopecn [gded erp§oopdi 3oc3§a0pd 32058 (desired temperature)oopd  set point cood JgE8E03
set point 0005 3868Eo0p5 Heating load $p5:00p5326l giqeap§§(mean temperature)oopd set point
& J[gE8E20p5n Overshoot [g6$Ea0p5n Heating load gpzaopdsad] gd:gj3a0§$ (mean temperature)oood
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set point 00 86c860pdn mo[gEad: m:o08: 30§ 8(peak space temperature) $& a86adim0S:30GS
Fogp:ad “Swing” o8wwpcd “Operation Differential” vp esloopbi Differential spSseeané cagpqgisé
"Swing” [gB[gC: $p5se3:E [gIrp8Eaopdn oBeocd =g ma5pd:cudm00p8: 33[36edICgpig BodgEs
9C[g€s(short cycling) [g6e50860pSn 0odgp: 38§00 qo58:8E 005

F30ad: thermostat qpzoopd two position controller qp: [gblo300001 Thermostat sacpE:S
accelerator heater o3 copdaooigCigE operation differential o3 spSiesant eagpg§Coopdn Power
$05:000) heater qps§ thermostat $& load o3 parallel §ods005000:00001 ABefopE thermostat oo
0050p000:0000  OFEPS  2098:!OFE00d  F!$pdicd  [gEonodeseomalopé  spdicod
2§ 8§eog0385(gE: [§6c86epdn Belopé switching [g620pd s3(036seeq@Ea0305 Jgpiom operating
differential 888con00pdi s0e§im038:5 temperature swing [gB[gE:c0p0: $05sc0no0pd Accelerator
eops =ofiel qdigeap§S(mean temperature) ogeoCsaono0pdn Set point cood §&cwo0Rdi
Proportional control o3¢ cogqecp§oopd load error $& opoBoopdi Accelerated thermostat &l
[gpes0rEgedoa3 pseudo-proportional [§& esd[g8Eo0pd

w i/_——...\i i/—'-\l Upper limit
= /‘ i J A ]
] i i i i | i
< | | | | |
w 1 1 1 I 1
g— i i i | Neutral
< ! zone
2 i i | i
=E Lower limit Ly '
1= \\._/
5 | i
o | i

i

1Open
- |
.2
=
=
o]
o
w
=
=

Time

¢ J-@ Floating control

J-G- Floating Control

Floating control gpz20p5 two position control 8a§js3ae2203E clo€aopbi Controlled device 20p5
00[g54gdegEs000 agbepsean(slow moving) actuator [46[G: output $54gEx qpa:n? [gdeodEaopd
Three position 036005 tristate control vpcopds ealaopdi pows hotwater B:g$:(flow)od control
0062005 motorized valve [g620p0 Controller ¢ output signal Goesaopd 22805 valve 2005
805200000593 (close position) o3wupcdd gEoopbonabal(open position) oolgpdsgpd: ognses0RdH
Signal ©qoopd=edly valve 20pd eepodoopdeseps qoesa0p01 odelopE controller &l output signal
2005 ad:§s [§88E2005n Belopé three position 2Bewrad tristate control vrcal 9[gE: [gBaopdn

Temperature Heating Valve Cooling Valve

Above upper limit Bobepanodad agazes[gls(shut) 98epancS33 agnies[gEs(open)

Within natural zone eepodoopdesepl qoes[gls(hold) | qdes[gE: (hold current positioin)

Below lower limit QCepanS3 ognsesats(open) Bodepanodad agaes[gls(shut)
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O(Je)ogE floating control cv&GREs5:(floating control mode)od  Gublgoon:aopdi 3208:
320§$2005 upper temperature limit o3 cogag§o0pbeasl controller 205 valve 0693 ©,305q§ signal
cosoopdn Valve 20pd 0ofgobegob:odesGe spefimaogliad cuwesaopd sagowdan (heat supply)
GogpRqewso0pdl 2205232082005 upper limit cood 86aono0pda¢l controller oo hold signal o3 cos(3e
valve o3 eepad0pdeseps qoeseoapdi adesnod =0es: =p0q$0000 upper limit $& lower limit
;lop:§ natural zone =00RC:5 JosB: oSS  upper limit Boood low limit o3
[gobeorpagniaopdasadl controller aopS ¢Eq$i 8odq§eaogad coCengpaog) signal of valve & actuator
oo:@ ccéeo:oaéu

System o3 o039 8&&[gpSoorgtielopé controlled device 20pS  drogEesaopd
aefgzacs(fully open)o cd:080de500p9 saclgases(fully closed position)ad cepodes soq§ sa505:cd
[opecodoopdn Load sacfgpEizacdypoopd =aal§sd two position control $& soConB: 3a§§03e003C:
oconean 3od[gla  g&[gts(short-cycling) [988Eo0pSn Sensor o  downstream $& =a8:ediesep
(immediately downstream)3 co§eoon floating control o3 saaddg§Ea0pdi pown - control damper o3
coil 32§:5 opdeoaonienp§oopdi

Long lead time §oopd system qpséi floating control o3& controlled variable @i 02§3:0005

natural zone ¢ Goweco actuator © 3¢) aqElgS$g> esonlgndecy [goopdn codsobieigE 34
oq€lg$g> disturbance o3 correction cvdecw [gdaopdi Integral control &l [gpesonCgoddst

s0ap000i

J-G-9 Proportional Control

Proportional control § controller 20p5
controlled  device &893 e[pEicdeso0pd
(variable) output o0§3:03 =[Gelged e

Proportional band

100%

3 : eso0pd1 Setpoint $& measured variable o3ei
g Y, o [gr2502q10503 error vpealoopdi Error signal $&
E ' ;g pdoopd(proportional  [gdoopd)  output

00§8:03 controlled device 828 coobeos 200
System S §oopd load $¢ p8qoopd output o3
000d60:g$ 330305 (controller ¢) set opoint $C

- controlled variable sao3sg offset 0§8: 0od99
Controlled variable §G§C\3§)Qéll

¢ J-o0 Proportional control showing steady-state conditions

0%

$(J-00)20p5  Proportional control o0&l steady-state  saclgmacsopE  [gpdlgdoopd
Controlled variable 0o$8:2005 Tc [98[: controller output 0o§3:0005 Yc [gdaopd Set point © Tc 00§3:
3208 303326020005 offset a3wupa load error [gdoopSn

Proportional control o3 o3 steady state condition § load error o8wopod offset 0o§3s
§esc866p51 System load gpzaoecw offset 0o§3:qpzaneao [goopd

$(J-00)og¢ heating system oodgci Proportional control output 2095 0% ¢ 100% 9503
000560:0880p51 “Throttling range” vreslcopdn Steady state saclgseess control point &1 equilibrium
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008320005 set point 000507 offset [gbego0pdn Offset 2005 load $E3208 Bode) qpico8dupdi
pow 6aonCepad [Eusap§s 2o038862005324] heating load Sgps concB86wpdi

POSITION OF FINAL

100% CONTROL ELEMENT
CONTROLLER OPEN |
I
53
CHILLED VALVE 2 o]
WATER 5 §
SENSOR =
RETURN DISCHARGE CLOSED 1
AIR _" ﬁ AIR -"
A
225 23 235 24 245
COIL CONTROL POINT (°C)

<#—————— THROTTLING RANGE ———

c:) J-00 Proportional control loop (cooling system)

4%}
2 Initfial offset New offset Set point
= / LN :
\ -
3 \ Proportional
E ______________________________________ band
© :
5| /.
& |Changein load
(w]
-
3
o
£ 100%
]
S 0%
c
o
Q

Time

& J-o §odooqod load clgp&scd[gE:ad Proportional controller ¢ o3(g$(response)d

Proportional band owanel opsda3 control cod[gE:deoopd physical quantity & vrsd
(unit) 92038 2005005ep§oopdn :0S (Temperature) o3 control cpboopd Proportional band
opsda0pd °C Bowpdd °F [gboopdi Bsas(Pressure) o3 control w6205 Proportional band
0p$52005 pascal a30wp0d in WG [gdaopdi 2Bewncd control scale range &1 p8E55a(%)gEaopds
esd[g§Eaopd

powd control @ scale range ao0pS 0°C ¢ 80°C [gdg) Proportional band &l width 20p5 20°C
[§6cq€ Proportional band o3 25% op 2005005 egpadoopbi  Physical unit 22038 3034
2005690500031 Lrsbe§gEs(Non-dimensional)copSs [g6§Ea0p5n pows Proportional band 20p5 50%
[§0cg€ Proportional gain 20p5 2 [g820p5n Proportional band 50% & Proportional gain 2 030005

ope8lo3eophs

Proportional band aop5 controller sensor span o3 ep§EgSs(percentage)gé ewdlgoorzoopd
throttling range [gdoopSi
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. Throttling Range
Proportional Band = x 100
Sensor Span

“Gain"00pd industrial control system qp:oRE 3203gecp§oopd columg(term)onde [gd aopdi
Proportional control &1 gain 02§8:0005 Proportional band &1 a[gpEsg$ (reciprocal) [gdo0pS
100

Gain =

Proporational Band
| |
l |
| ]
SETPOINT | I [
| | | |
I 1 1 1

| CONTROL POINT (LOAD CHANGES)
DEVIATION / I 0 |
FROM | I |
SETPOINT | ; | |
| | V |
| | I |
| | I |
| | I |
| | I |

————— F————f————T————f—————OPEN
| |
' I
VALVE
POSITION I\ INTE(‘RAL ACTION '
I PROF’ORTIONAL CORRECTION
i
————— :—————I ————-:-————-:-—————CLOSED
T T2 T T4

TIME
‘? J-0p Proportional-Integral control response to load changes

O(J-09)sE O(J-0g)opE Proportional control system @i system demand e[gp&:cdo0pdeedl

controller oo 03jg$6ad cwSgoonsoopdi Controlled variable & oo§8s(value)2opd 03050305 o805
[§60m e500560: steady state offset temperature § [§6og:0000n Setting down [gdagn:a05i

Proportional band & 00$3:03 $05:e330¢& [gapd[gts a3ewrod gain gpiesanElgrad[g: (¢
offset [g6e520pd vedN0d Gogpg€aopdi 98ea0d Proportional band 0o§3: $pd:eomalope
a3oupcdd gain gpeomefopE control system ood9cd: copdBE[G: comEign 306 YOesas
00530880051 00d5p5:301g¢ stability [§0q§ 9058 concBgepdi

Proportional band §p5sc0n00pd326] control action 20p5 on/off control 0393 [ge e$c8665
Proportional control o3 time proportioning vpcopS: 2005905e0p§oopd Output device a0pS On/Off
2000p68Ea005 two position output [gEcopSs Proportional control eoaEgadadjs §8€a0p51 Control ¢
output o3 constant cycle period ¢ g&es00gS(0n) $& Sodesopdmags (off)orco &l 3§}
82008 e[gpicdeosfaligEaopds control o685 powd cycle time 205 (00)8s8[gdagE control
20p5 40% output cocdeosgE control device 2005 ccosBsdlop gEes(Be (switch on) efgpa53s8op
8o5esc860pd

Cycle time 03 [0305$620050008 egequS§Eoopdi 98605 wlopecn 3odges y&[gts olgbesant
2§ 8oPlorp cox§aepdn Bsa[gE over all system @ response time coodcopds 0526651 0350520005
Blogpaopd odfg§§§(longer response time)§aopd system qps3a0305 3] cofeagPaopdi ofsodio? B
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system qpsog€ =22%gdlon two position on/off control cooS temperature swing [§8g Sso5:00051
Control & [ggeeongodd(behavior)oopd Proportional control system opo8(G: load error copbs
oppB8o0pdn  Time  Proportional control o3 switching frequency co5qICo3E:pSq  ©g8Ea00
aglbedma0e0s00d (heater)qpsog€ disturbance gp: olgbedlcoq§ 320305 saadigor0005!

J:G-G Integral Control

Integral control o3 PI control gpsogE Proportional control & o3¢) sagpsads coglgE §E2000
Integral control o3 "I control” vpcopSiesl eaodoopdi Integral control 03 codoopd: a3sgp: =ddgqS
0g§300ds00p5n Integral control o3 Proportional control & o3od:ecp§oopdi Integral control 095

32§§3203C:30000 000933038:§ set point ¢ cogd(deviation) e$a0pd control variable oo$3:qp0d
e0ICs00gEs(integrate cpSoooggs) [gdoopdn

Deviation of
controlled variable
from set point

Rate of change of
controller output

Controller output

N ——

Time
¢ J-oG Integral control oo&900pd:ei action [g600o0n Steady state soelgeaesopEdaopd System

06903 set point 86qc805agi€ [gbedlamnepd odlgSe(response) aBewSgoozoopd

Proportional control o3 ajcq€ offset [g6colcopdn o offset 00§8:qpi0? 3§§ 32038320,
0069320382 0eAIE:0001gE: [g520p5 PI control 2op5 steady state saclgseess zero offset co:§Eaopdi

Steady output apodeozaepdi PI control 20p5 floating control $& #6so08so€oraopSi Natural zone 6
width 2005 6§ooeconn5s05:(Gs (zero §:0k) output 20p5 33(Ge[gpE:cdes0005

Integral control 02690005503 0360280005 time constant §8s acg$giElgso0pd odgSq(fast
reaction rate) qg$ 3260005 system qpsogEoon 3203 8Ea0pdN ojlge es:0p5(slow response)
system o3w0pdb long time constant §o0p5 system gpizac05 2odgqs waodeageon 3a03gRgE
0832600050005 3¢) 03fg§(over correct or over react)a8&wpdi Integral control o3 sagped:za0dgo0pd
control device 2095 variable speed actuator $& 03a%:2005 valve [§620251
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Control response qps320305 32260005 3a[FegpEicdegoopd(variable) rate of change
oo0deu:§Eo0pbn Controller o> variable pulse cpobeoagé constant speed actuator gpso3cods
:20)g8E001 Valve 8odg8s ¢E58s (speed of closure of valve) aop5 controlled system @il response
speed coodesgiqupdi 63:050RC Proportional $¢& Integral $&9ediEsoonoopd PI control sacfoyps
32600:805 §C{goonzoopd

J+G-§) Proportional Plus Integral (PI) Control

Proportional controller § Integral control ¢dl€sc0pdq] load error 93wopdd offset vedaNOd
eaqpsp0:e08E20001 HVAC control gpsogE PI control o3 sacg§oyudlgign 32034g[e300p5 PI control
200 offset 0§oopd (zero offset) stable control 03 cos€a0o0n Set point ¢ cagd(deviate) e$00d
oo} 6dE:copde) controller ¢ control output o3 adjust coSeofglgé set point $& §:a00005
§:0308 [gopbeus§Coopdi Proportional band clopé 3¢ stable [g620p5 control o3 [gdeofEoopdn
Proportional band oop5 stable control o3 [g6eoo0pdn Integral control elo3pé offset cagpspd:aopdi
Proportional $& Integral cAlE:0o20009 PI control 2005 32098 c805005p32005 3203(gb20p5

Integral setting 2005 integral action time [gdoopSisag§opdgfoppesanennts| error gp:od

edIEsq) correction cpbepdn? 83cdaopdi Integral control & unit 2005 32§8[gda0p5N 08 a3eupcd
856 [96o0pdn Error o30upod offset edlEeoiqepd 3a§§0omco oodelgdoopdi 0odspdiamdye

integral setting o3 “reset rate” so[gdcopd: opso§Coopdi Reset rate 20pS 006856 32038: reset
0062005 22[036326q220305 [§620p5N Reset per minute [g&20p51

PI controller qpsoopd interactive [gd[o300051 Integral time o3 ©a8805¢093 Proportional band

0§8qpz0d 83260008 a[plicd  §Ea0pbi Integral time logpeomelopE steady state error
Bqpran8Eoodi

Integral time qpseco steady state error qpsecofgdaopd
PI control og¢ integral time o3 3acg$qps(gpd)esant conaqi€ Proportional controller &1 [ggds¢
oppBognic86epd Integral time qps(qpS)o0pd PI control 20pb Proportional controller $¢ opod
650360p51 236005 Integral time o3 control system @i time constant cood $p5:(03)esE conayC
stable [§6q$ 9053 conc8&epdi

Integral term & output 2005 controlled variable &1 [G:500pd(past history)ed ogE ¢oopb 20pbi
Equipment qps 305000:§8(q0502002:$)[gded $20pd error qpz pedlEi0on: comnelopé oewntssloogt

seodocq [§88E20p51 07393 [g6[gE:§jpo? "wind up” [§Bo0p5wr el edaob
6320050 acfopEiqpielopE Integral windup [gbedl §E0p5
(0) System qdsnsc0n:0d
() Heating 9300705 cooling medium ©qE0p0sagS $&
() Control loop o3 override cp&aoz0d 03205

Controller output 100% [gdes2005 =oq$sC error gps positive [gdes§ESc0pd: wind up
[g6e0l cn§Coopdn Basefgmaesy Integral action 20pd 3280056[god ediEcopdom codocond ode

BqpancB6opd sacgSapigroopd positive gain [3665c386051 0332805 system o3 ooo€adodayE
windup error eqpadq$ 32§§ 3605307 6erEqr8Gepdi Wind up [gbooioopd  gain gp: unwind up
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[§69000 de&(normal operation)sac[gsacsod eepad8EaB6epdi Anti wind up feature A§aopd controller
qP2o0pd 00393 olgdesnt oomieds §€a0p0i Equipment so0p6ecn60005ea4$(not in operation)§ PI
control loop o3 disable ap&co:8E20051 80303 Integral action o3 disable vapboonzoopdsadl system
qps 0eentidlof ada3addjEeom [gocoso G [§58E0pdn 23ead sageanyjamnydBs Proportional band
200 Gomign 2cpbonpbeonial sog$ 220800 [gdoopdi

J.(;.G Proportional Plus Integral Plus Derivative (PID) Control
Derivative action &l control signal 20p5 control variable & c[pC:cd58s(rate of change)sé

F§roqo0pdn Controlled variable 2005 set point 8898 aq€fgSgo qPndesdeadd derivative action

20p5 control action 03 eaqpspSieoo0pd Controlled variable 2095 set point 8>8:eepades(g [g620p50p
opsoagodg) control action caqpspSieogs [gdaopdi adelopE over shoot [g8[gE: eaqpspSiognsoodi
Inertia qpsoopd system qpzea0g05 20&egHo0Rd

coode0p,03E Derivative action elogp&eopd: [gooogn [96§Eo0pSn Measured variable 205
0q&:007 6[gpEsrdgEaocd elgpicdesag€ controller & derivative action 20p5 erratic output cpodeos

c860pdn (20005¢) ABe[gpEcdeqpsel amplitude 20p5 3a5p5:c05g/0€ [gddleo )

Derivative action o3 sagp: Proportional gain $& Integral gain gp: oClo€o3 sadd{ges
o[g68Eaon Proportional 1 Integral $& Derivative o3§jseclCsq) PID control a[gd saadigfo30005
Proportional gain ¢ steady control o3 [gdco§Eo0pdn Integral gain eloy¢ zero offset o3 [gbeo
2000 Offset vedanad eagpspdieoapdi Derivative gain elopE Qodongod load elgpE:ad[gt:qp:a’
comtign odfg$(respond) §E0p5m adelopE PID control 2005 steady state sac[gsecsopd load
055393 efpEicdesden oBewrod disturbance ©pbo3ad [gbdleo zero offset §oopd steady control
o3 cus§Eaopdi

Derivative gain setting oopS derivative action time [958 858[g¢ esdlgecydoopdi Error
e[pEcd58:03 [0305¢] control output c8o0cd cB§:eodgs [gdo0pSn HVAC application gp:S derivative
action oc332600p992¢1 PID controller § derivative time o3 zero 35[gd cons§oo [g6o0pdn 0odspSs
angS derivative time o§i aB326l5 PID controller 2005 PI action 33gdoo cpbeeoné cu:cddepdi
Process control application qp:o3€ PID control loop gqp:o? sagpead: 3a29dgfog0005

Proportional control Proportional-integral control Proportional-integral-derivative control

Controlled variable Controlled variable

Controlled variable
Offset Offset / Offset
;;itn . ¥ set \ o~ X /-\\f v
\/\_’\ poin +
A

Time Time
! ! ! ! ! I ! ! ! ! ! ! | \ | \ \ |
I I, T3 T4 Ts T h I, Tz T, Ts T n L Tz T, Ts T

& J-o08 P only 1 PI $& PID control mode qpzo? §E:008 aedlgoond

&(J-08))2005 PID control ¢ oewaEsslo(start up)3 control variable o3 control c62005 behavior
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o3 eudlgoopl ideal characteristic 03 coS[goonzoopdi Proportional control 0o69[gé §8€2005 output ¢o
set point ¢ deviation [§8a0p) control variable [g620p51 Control variable 0opS[8&(stabilize) agnsaopd
229 residual load error [§8¢] 0383c880pbn Integral control o3 cOlsc0pba0pd3a6l control variable
20p0 set point o3 eepadognzoopdi o3eadd stable operation ofgdef =SS overshoot sagobicod

[g9es6002000503 coR[gE8E0p5N Derivative control 20p5 overshoot o3 cagpspdieo(ds control variable
o3 2§§aB3a038: set point 03 cepadeo$Ead

ENA <€=======m=s-memmnooonanaay @ -------- Room

” SA
OA @ o

& J-o6 Room temperature o3 saadigs] controller & set point o3 reset cpdaopd Cascade control
0069 [g62005n Controller ¢ set point 2005 supply air temperature o3 control cpS2001

J-G-q Cascade Control (Reset Control)

22,6000 pOes(application)qpeaogod controller qpso? sub system $&¢ (master controller
$C submaster $69 =[gd) 000gCigS 3] Fa0pypsaopdn Master controller co0pS submaster loop §
set point o3 038203 (adjust)eosoopdi Submaster controller 2005 controller system @ intermediate part
o3 control cpSeoz0pdI powd FpR[BEeN:a0pd TeSigpiel 30§83 control rEeSaacnd master
controller $& submaster controller o3 sad4gjc0n:205

Master controller 20p5 supply air set point 03 control coSo0pSi Submaster controller 20p5
supply air temperature o3 control cSeo:20001 Heating coil &1 hot water modulating valve ¢ oode0&
hot water flow rate 03 control cpSeosoRdi

3269 2060] 20:58:0qps(term) veepeogicogs $0:0pde oa3eoqs 003[gooopdn Cascade
control s820p5¢ UK S 3203qo0pd seedl saed [g8aopbi USA § “Reset Controlvy esle3o0p5i Control
00500858 305002 08[300500R0: 0Bg8:0005000) 268l 3a6Al 000 o[gPsapd

Cascade controller s320p5¢> master $& sub master controller 03 &8c8o0pSi Control loop
569[gC 00B[GIE505 control cpS[gE: [§BaopSi Master-slave a3w0pab primary- secondary ooofgé adsgss
epoopdn Cascade control o3 o%:0qi€ PI control ood9opSegé 0opdf86 (stable)esmé [gopdes
S00p:00p0 PI control 00690005 $& ecdecmnadeol
“Time lags”

opdaopd feedback control loop ogEesdi control system & odlgSq(response)oopd  sensor
output 6[pE:cdq [gdaopdi Incoming air temperature 0pd03a3 elgpE:cddleo aBwwupod heating coil &
hot water temperature 6p50303 e[pE:cddeo submaster controller 205 supply air temperature o3
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32038000 set point 32038:gbe3E control cpbeozo0pSI Master controller 2005 supply air set point
o3 reset cpbeosaopdi Space temperature o3 2203q[8s PI control (& supply air temperature set point
o3 reset cpdaopdi Control loop $69cd:0pC Integral action o seaddg) conseomaelopé  system
00p0[86g(stable)gdesant 0gades cGoopdi

Dead time

DV

(‘0,;,

First-order

approximation N

Temperature

‘ o
b ]
! Q‘F
)

A

t=0 Time
$ J-0q System & o3fgSa(response)ad dead time $Eo00p Gedlgooasd u
t = 0 03¢ valve og&oopdi

3208:30§§ (space temperature)oopd supply air temperature a[gp&icd es[gt:od a0l
eg360339> oplgé(response)aopdi Feedback control loop 03E:5 control system gpseil controlled output

qpeel e[gpEicd[gEsaloppE control system response aopd S es00dmygEs(delay) adeupod o3gq
(response) e5ggC: [gbecl erpoopdi

(0) Transport delay o3 “Distance Velocity Lag” op copd: eslaopdi Heat source ¢ sap(heat)
qpso0pd heating medium gps 9oodso& controlled space o8 cepadesant 0262000 [PE§ad
“Transport Delay” 07 200500520001 [Bsenzo0pd 226800053a8¢psel heating system el 305

2q0qpgs $& 6qapooRd [Brengls Belopé =esimegs [§Eoades 324§ sacodop
6800 36800052088 2esigp:S s065:0005qS Goneaopd

(J) 90300 delay sa§jgzeonsen “Transfer Lag” [g®oopSi Component gp: 220§§[gEon05amnes
R0 6o08q0pdmYS [§620p5n O( J-0q)og [goon:aopd heating circuit § controller ¢ valve
@€ signal cofBego0d hot water qpsoopd heating coil 3038208 o€eepo’d agnsaopdi odad
o8aepad BseoCsognBiesnnd a0pBiondgEs(heat transfer) saeoeod [9bedlaopdi Hot water ¢
heating coili heating coil ¢ supply air 1 supply air ¢ sensor | G§’D(TS€X§8088 sensor ¢ system

respond 03 ©o503 q§joopdi

B0yl :§SoPEgc: Boopdd delay [g8[gE:elopE control system 26578320905
[g6e000p5n Integral afewpod floating control 0303 sacg§ 2a§§[ogpaopd (dead time gpsoopd) system
qpsopC 320%4gjgs woCengpeon Deadtime [gbe50d (system ¢ respond [g§econal) 32§83 controller
2005 output 03 2280056[go5 elgpEirdeuiesaoobi AelopE overshoot [gdedl con gaopdi PI control o3
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adq§ 3¢) co&engPoopdi cogengpesnt ogudo0pd P band §oopd Proportional control oocopds stable
control o3 osdCoopdi ofeagpoopd Integral time o0gROqRSdgE{gE copds load error o3
eaqRsp0:e00051 0d:06gP05602001

Deals Control :
Element with Concept Added Benefit Response to Perturbance
P
60 c
Proportional | Error Signal proportional Control signal E Undershoot Time—=
(P) to error proportional to £ 55
8 / Offset |
error (demand-based i il
( N N
50 T__Overshoot D
Seftling Time F
cor P+l
) - C
Integral Time Integrates error Eliminates offset g ]
(I over time to respond over time (accuracy) © 55 A h Time —»
to small error z v Oﬁse,tt&:r/f{,
2 ¥ D
50% B
0 P+1+D
Derivative | Rate Responds to rate Shortens settling °
(D) at which setpoint is time (quick response) 5 Time—e-
approached and g 55
Less overshoot/undershoot | & _ oy q Time
(precise) 2
50

¢ J-00 PID control mode qpso? §E000 codlgoonsd

J-§ Logic Control

Logic control function gps Al§oopd controller qpzoopS control operation o3 3¢] GomCis
6020051 oL F|,¢0-
Hysteresis Hysteresis module 20p5 sacg§eo0:codo0pd input elgpEaadagp:o? filter cpdeozaopd
Hysteresis module 2005 [0300€ 200500500282009 LEPANCOES Sgpsoopd input
e[pEcdagpiaBom  process cpbeooopdi  Control variable el Gooscodo0pd
elgpE:cdq(fluctuation) gpzod control system o odgSq(response)ocpdqs hysteresis
module ¢ oxggboonzoopdi Gaoscudo0pd fluctuation 03E:03 o3fgs (respond)clon
2$033038:  :[036edCiqpigy  Bod[glagl[tiod  [gdedleofl  oodugrbigp:
2E0BES qod8: B&wpdi
Averaging module 0095 input oo§3:qpsel  qEsqIon§B:0d  coodeus  a3eupdd
0305601 §320305 3203g|o0pd poed of(zone)s>03E:§ temperature sensor ¢ §a0pd
input 00§ 3sqpse gBigIo083: 3odupqs averaging module o3 saadigj0oSN
Logic module § Boolean AND | NOT 1 OR $& XOR gate qpz 320:00: dloSoopdi o gate
qpz Boopdd logic gp:od software interlock cpEe$320305 padgo0pdH powd
[gon€iedodgp:  gEesofma0z8: heating system  cunligjoqesE(operate apde)
0qeant) [glopdoo(gts [gdaopd Safety $¢ critical interlock qps3a0305 hard wired
[go0 interlock cpSgEgioopd

Averaging

Logic Operator

2-17



HVAC Control and Building Automation Systems eomio0d038,

Look up table  Look up table qpso3 functional relationship qpzscg05 32034g§Eo0pSn Thermistor
resistance ¢ temperature 0083z e[gpEiopqSaacgod(conversion CvogS 320305) look
up table o3 320%4{gj00p0n oB=e[g€ control element qpsail characteristic gp:od software
[5S linearization cpSejoops resistance ¢ temperature o3 conversion rSLHSE20N

J:6 208a0gfoopd Control Mode gp: ogeqjod(ge:
20&eaqpo3adp80005 control mode gp:od egegEOq§sR0d G3305AlZagOgP3 copdogts
05:02:q§ 32262001
(0) 83262005 accuracy $& 059§D offset vwocm
() [908Ce[g§oopd load  clgpC:daqps(aagpiadiepC:ad§Eaopd load vwdawi
H[B0206qER05 $¢ :2FSomnv)

() System characteristics (time lag [§88E20p0 maq§omcvl sub system ¢ odfgé
(respond) o5 speed $¢

() [P3onCegproCoomeanp) start up saefgeacs (situation)qps 03gdo0pdN

qCscoCagudopfGe B320q05qpi0d ee0nEgodendanpd control mode o =aaddgg€:0000
32607002 [3620pdn goeags 90552003 (complicated) control mode gp:o3 sa0ddgoge setup cpoeS
00532001 6omEigso00d control ofgbanad 3ed:gp:8aopbi Derivative control o3 HVAC gpiogé
:20d4gjey ofeon Derivative control 2005 high inertia system qpsapE overshoot [g8[g:03 egplagas
:Rod set point o3 approach cpdes0058:03 OBE:0m[gls [g620pdn Overshoot [gB[gEselopE
00320693 equipment gpz(additional equipment gpseenCsgls) 0ewE{gt:a3 [gdeoaopdi

Table 2.1 Recommended control modes
Application Recommended | Notes
control mode
Space temperature P
Mixed air temperature PI
Chilled water coil discharge P1
temperature
Hot water coil discharge temperature PI
Air flow PI Use wide Proportional band and short
Integral time. PID may be required.
Fan static pressure PI Some applications may require PID
Humidity P Possibly PI for tight control
Dewpoint P Possibly PI for tight control
Static pressure control of supply fan PI
Flow tracking control of return fan PI
Space temperature control PI
Steam heat PID
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J<q Optimum Start
Building control system gp:el sacegaao3ed: cpdess(function)ondeen time control [g&aopdn
c832600p)306l5000  equipment gpiod 6l $¢ ©c3260008EGEs0S equipment gp:o3
8ad[gCs(shut down)oBoopd time control [gdoopdi HVAC equipment qp:od s080056[god cunsfgt:
(continuous operation)oood c33a60geens 0ad3260E805[gE: (intermittent operation)gé gd:eaE
g0 8E20001 3o [grpdes sagedgqpigred 600520051 3a000den: 36e0a53adgp: (lightweight
building)og€ thermal inertia $p0se0006[opE pogudi e3:ged [9[G: g&saatagiomg(saving) gpgp:
§8E20p51 coompogEgé 6En0dal soelgmeesqpsy intermittent heating $& cooling cpd[gE:3ad
320gqIC 32098 spojEeorEm qpoopd
(o) Lightweight building (low thermal mass)
(®) Short occupancy period §§
(0) Over sized plant o3 [gda0p5
Heat output 30kW cooSgpS:o0pd heating system gpiogE timer o8o0wpdb time switch o3
320%¢g[ooCoopdi Optimal start controller o3 32034qq$ woofeagbeon saad{gopgp: 3268000538

3209808 0008 woleepadel heating system o3 [eentiooniq$ Beabo0p5m 93wax occupant gps
GePOEES 20056a00E 00500 (comfortable) [gbopd 320823204803 q§esc35epdi

[gCom0qs (eg a1 Geond: gpad 2Bedkadim0305)03 woopde) :2§8 opbgleoncen [BjoaE
6eEiqepdad 200500500001 GenaRsign GenliClon(start too early) g&:3aCfySoBiep GepPoda00i
6500503 6enC:dlon occupant gps 20056000E005000 (comfortable) ofgd$Eeor cosdeg Bevpdd
§:805q05(B 65§705008qedRE euntiesoy 3a§§000d 5pdicud [P eentsonCoopd Optimizer start
controller 2005 epa8ad:Tkad:] sacomEiads $¢ sp00Cergpads [§6epd curt:§8a3 addgodeu:dEaodi

&(J-00)ap¢ control characteristico? 6oS[goo:a0pdn egouSoe:o:g$03036a00 unoccupied
period 32038:5 heating 820305 occupied period 220§§0005 F25p5:c05 $6aogs $E cooling so0305
occupied period 820§80005 325p5:c05 J[gEoons cus§Eaopdi

Optimal start controller &l saa[gdcodcss(primary function)ed 06eE:qepd 3§03 2005005
coqs [gdoopdi meesieaogl: s (internal space temperature)sé [gEosapd§ (external air
temperature)od 226[gdg] 03050005 Optimal stop function 20pS occupancy period ©o3E8 (cpgps
0[g$8 a8ewp0od Gresodzags) cooling & heating 0303 [3|g) §O§2:2082051 [0302EB80Bqepd 32§$
om0l 0305098820001 6en3058dln  occupant gp: 20056000E00500  (comfortable) ©[gbSEl
65005073 8050lmn g&3aE[gfioBg [§6e0000N (0)850 Bowrdd so§ocdSeeng Bo5§Ea0p5N Optimal
start 20p5 optimal stop coo5 8¢) gb:eaEagjomn(energy saving)$Eeomalopé 3a03:gpeapdi

HVAC system gp:oB epaB8sadedj(eg 86 6900E:)03¢ comEsgny 3200b0pbesmE 838 cpbaon:
[0300p51 mo[gCadimacgsacs(max condition)od sac(gde 8&Ecpboonieomalopé capacity dgpzaopdi
Befopé ameSagSqpiogl systemoopd part load 0ztom ewnliesenpdaopdn Part load condition
g€ §oopd control behavior 20p5 design mefgsressé copoeon powd VAV system 00693
:04),60065qp03E  Gunses(operate)oopd $oS crodigSs(air flow)oopd design flow(max flow)eh
00600508000 §8Ea0p51 oB=adl system gain 2005 sdso Gypsogasoopdi 0odSlnES system gain $690
Jqpiconaelopé system stability o[gd8Eeomeon adelopE system oodeaopd stability [gdeSeacg0d
system gain qpconepd 36[g3a656P:0d 0g8c5es c33a600p5
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Flow temperature

Inside temperature / °C

Inside temperature / °C

70°C

20°C

eomio0d038,

<«— Design temperature

Night minimum
(typically 10 °C)

Time
—_—
Plant off Frost and Optimised Occupation
condensation on time
protection
-— Design temperature =
\ i
N decreasing ,” 7
\ l4 / /
A 4 7/
N\ / '
o, I
N /oy
NN / ,
\ NS IS /
\ » "r !
‘. Prolonged K / ~ L
., shutdown I} ~
\\\ /
~d ]
nght h“\ {\\..: \-..,-
minimum il -
Time
—_—
Plant off b !
ﬁl Optimum start \
. for intermediate
Frost protection i
P \II conditions Sccupatlon
Additional b ime
boost period Optimum start
after prolonged for design condition
shutdown
¢ J-o@ Optimum start control
i Maximum i
g flow :
! temperature '
1 1
1 1
| |
! ! Minimum
1 1
- T e ks flow
! ! temperature

<> Outside temperature

Design

Q J-Jo Weather compensation control characteristic with two adjustable slopes

Sampling Time

Digital control system qps§ controlled variable o3 03E:0005 interval o3 sampling time op

200500520201
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Sampling time 2005 6820033 sagiEdgpied 53¢ onpSo0pdN
(on) Time period required by the A/D converter
(®) Any multiplexing between sensor inputs §§
(0) Density of traffic on a bus system o (96205

Sampling time 22q@:g&$ag€(too fast) BAS/BMS @i data handling cpo[g€a? 03805 eooopdn
Sampling time [gS$Alon(s§§03dlon)data qpigoad handle cpdqaopdi Sampling time sacg&es:Clon
system &l c[gpE:c3gqps(changes)o? comEsgy ©aB8En Detect vcvd§Eaon Belopé comsgo control
068888005 wupddeon Equipment gpssC system gpiei g&:caonlepd (performance)o? evaluate
000gsep0305 data g0 238:e0pbecp§oopdn Sampling time e5:0000 data qpzoopd saadieoCoopd
information gp: 9300905 ni098sg> 0ps08Ea00d information gpso? [gdeoo0Rb Ad03a sampling time
eg:60006[o¢ information qps cofeomnaoen [gbeofgE:ad “Aliasing” vp cal cogbi

cofeagPesomsaopd sampling frequency o3 Shannon’s sampling theorem o3 332%dqq)
§8E20p51 Maximum frequency(time max) 2005 system o8ewr05 equipment component &l salgSads
frequency (9620001 A time max cood $6e0 qproopd frequency o 30d3goEo0pbn Theoretical
sampling frequencies 0005 sooSeoemn Jqpeoon sampling frequencies o cocdeoy apbe§glon
32004g|e0§oopdi

Disturbance qp:o3 328msmdgl ecos§js F[gr:8Eo00n Control system 006903 0g&ioom
[g6c08Ecomaelop¢ disturbance wreal s3oopS
(on) Supply disturbances

(Chilled water supply temperature 936005 Hot water temperature a{gpE:cd[gEs)

(9) Demand disturbances

(Occupant 226220305 qpia(gla $o5:0g4gS:)
(o) Set point changes

(Set point a[gpE:cd[gEs)
(vo)Ambient (environmental) variable changes

(apaBporelgpticd[gla :2§503 cBadq) [gEumapg§ (outdoor temperature) algpE:cd[gEs)

J-© Tuning

[Fe[gplicdesanpd aefgsacsod control cpdeoopd control loop gpsel behavior 2005 control
setting qps 2260l 03E 005205 weSME2005 setting qps $& controller parameter gp:aoS system
o3 eoopdolgS(unstable) [gbeo§Coopdn  Controller gpse  optimum  performance  qg§320305
eomCsg§esonsaod control parameter setting 0o§3sqps 93000:q§ 3360005

System 00690d: 0p5BEg0 0§ 30p6R6e5qS aeaE03:00p51 Stability deomEeoq
6330050 3ag105gP:aB A3adsn0E 005

(o) Proportional band 00§3:03 gpcosfgts
(®) Integral action time 03 gpseodgC:
() Derivative action time o3 cogpgieosgEs
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Tuning ogopSeE system oobpadisn: manual mode § cenlsgla qbon§[ges output signal
qps 0dceoggls 0205 pOcSigpind oE[gapdaepdi coysdecnndaopd sasoeqpodyon tuning

0008 [gpSo0Ea0bn Set point sa§jpqjpoons) [gdeclanoopd saefgsaesepiod eongfogpdontoopdi
6330053 39i05gP:0d 0d680:a0E 005N

(0) Process noise qpz §i o§ 0bcs0:00&a05N Controlled variable qpseii 0o$3:qp:
Q600q05 aqi€[gsgn elgpEicd(g: 361 ¢[gd odeanz00E200N

(J) Set point e[gpEsc80500p5326] 309udanoy BEieu§Ced: § of 0deso:0Ea0N

(p) ©pdo0pd operating region § 3¢) sensitive [§9200503 0deaoso0Eo0pdn

Control loop 006903 turning cxde$ =26[gd 3a5i05gP:03 §2:00p500:00E200N
() On/off controller 20p5 Proportional controller oo Goso0pd Proportional action o3

0p500p)328lg| 60s8E3EL5 wupcdeoi

(9) Controlled device gpsudk operating range &l 3203E:5000 sacpbapdeogqepdi Fully
open o300 fully closed soalgeacs38:03E :[Fond: oescoa

(0) Cascade control o3 turning cpSGo0pbeasl =aopCs(inner) loop wpGsl20Rd
submaster o3 saqEed: turning cpbeepdi Primary water circuit 03 ocoodgd
00p5[88(stable) esan€ turning cpdBeoon secondary loop o3 turning cobqeRdi

(00) =0§),600 controller gp:20pd 0dd9emmeom controlled device gp:o3  control
c0d[320p5 powd temperature controller 2005 heating coil $& cooling coil 03
control 60l 3=:b6cgEé  operation 00690 disable S
07$006900p5:03000 turning coS20E20p5

G090 [0Je0sgied 324,03 GwdgoonooRdi

Proportional band : cooopog) 304g¢ Proportional band 0083 00699 con:q$ 8sa5Clon plant output
& 50% o3¢ qfepd controlled variable &l 0o§3:03 30%3{gjo0E0p5

Integral time 1 Gooopoy s0dgE Integral time 0083 00d99 cod:gs c8=a6dlon open loop time
constant $& 28go0pd 008&:03  3adsgoEo0p0n  Component time  constant
qPeeid: 9edlCiom:a0pdmgs [gdoopdn pows actuator $& sensor o3 time
constant eeeAlEgdao5

Derivative time @ Control loop og€ delay §oopd=esl o€ Derivative time o3 3033{g00E200
Gooop0g 392gS Derivative time 00§3: 00699 cod:q$ 3=a6dlon control loop
dead time & 50% [g&o0Eo0p5

Sampling time ~ : Open loop time constant & 25% o0 JugpsooCaor
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Initial controller setting gp:03 0005CROGRGP: (Manufacturer)os  Gu:ep§aopdi Common
application gp:30305 GOy EgE a§Ea0pd 0083:gpi0d GI050RE ewdlgaonsapd

Table 2.2 Typical settings for a PI controller

Controlled device Controlled quantity Proportional band Integral time (min)
Heating coil Zone temperature 2K 0
Preheat coll Duct temperature 3K 4
Chilled water coil Duct temperature 8 K 4
Humidifier Zone RH 15% RH 15
Dehumidifier coil Duct RH 15% RH 4
Thermal wheel Duct air temperature 4 K 4
Run around coil Supply air temperature 6 K 4
Recirculation damper Mixed air temperature 4 K 4
Ventilation supply Zone CO2 concentration 100 ppm 10
Room terminal unit Zone temperature 3K 4
Supply fan Static pressure 1000 Pa 1

J-@ Complexity of Control Systems
6305038 control system gpiel gOeogenddg P Gwdlgoon:oopdi Manually control

c0d[g8:o0p5 agudopgicolid: opfoyo§odeaspSiaddqbooodi Integrated control system gpsooRd
§6609:0053(Gt 0rScq0§0d Fagpradlgdaopdi q§oopd sa0fjqpopds saqjpqjr 3lgo300Rd

Manually operated controls

Simple automatic controls

Direct Digital Controls (DDC)

Building management systems (BMS)

Integrated control systems

Increasing capability, cost and
complexity

c’g J-Jo Relative capability and complexity of key control systems (Based on diagram from BSRIA AG
15/2002)

-End-
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Chapter-2 Control Systems for Buildings
J-2 Modem Control System 1
J-J Sustainable Development and Global Environment 2
J-o Energy Efficiency 3
J-G Control Modes 6
J-G-0 Two Position (ON/OFF) control 6
J-G- Floating control 8
J-G-p Proportional control 9

J:G-G Integral control 12
J-G-§ Proportional Plus Integral (PI) control 13
J.g.@ Proportional Plus Integral Plus Derivative (PID) control 14
J:G-q Cascade Control (Reset Control) 16
J-§ Logic Control 18
J:6 20€eagaopd Control Mode gz egeqiod[g: 19
J-Q Optimum Start 20
J-® Tuning 23
.¢ Complexity of Control Systems
J-@ Complexity of C | Sy 24
@B
J-© Modem Control System ... 1
J-J Sustainable Development and Global Environment ..o, 2
J-J-0 Energy EffiCIEncy ..., 3
J'G CONrol MOdES ...civiineriiiiiiini s 6
J-G-0 Two Position (ON/OFF) CONEFOL......cuiiiiiiiiiii s
J:G-J Floating Control ...
J:G-2 Proportional Control ...
J:G-G Integral Control ...
J-G-§) Proportional Plus Integral (PI) CONLrol .........ccooiiiiiiiiinii s
J.c;.@ Proportional Plus Integral Plus Derivative (PID) CONrOl ......ccuuuueiiiiiiiiiiririns s seerren s eersnn s
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J-G-q Cascade Control (Reset CONIOI)........ueeririiimeisisiee s
6 LOGIC CONEIOL 1. 17
J-6 20€eagpaopd Control Mode gp: GQEQIOS[GEE vvuvvvurrrririninirnir st 18
J:Q OPHMUM StAM ... 19
J® TUNING o 21
J-@ Complexity of CONtrol SYStEMS.........oviiiiiiiri 23
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Chapter -3 Sensors and Transducers

$05:5050543E 03Es0mq(measurement)gps [gepS§E0p5
9B05§05 SBErom[gEs(Direct Method)

Direct method $p5:2005 03E:c32005 3a6p(unknown quantity)od 0305805 o3E0m[gEs [gdo0pS
0090 03E:0mfge:(Indirect Method)

Indirect method $p5:2005 03E:c8a0pd saep(unknown quantity)o? 0305805 cBE:omes
o[968C0pdmsl  socdebesaopd Sagpion§Biod  oBE:wpq unknown quantity & 00§3:03
09050320055052 g0

powd- 0o0pd8:58:(volume flow rate)o oBE:q8 o[gb8E0pbeadlogE sacgE(velocity)o?
03&:q) e§on(cross sectional area) $& clgpoS(multiply)op8Eo0pd
9-0 Classification Of Instruments

Absolute Instruments

03E:c8a0p0maepel 008303 0305805 03E:0mgEa0pd instrument gpzod  “Absolute
Instrument” gpzop 68l oopS

Secondary Instruments
Instrument 00&903 calibrate c¥600Begd200d absolute instruments $& §E:0pd[B:
calibrate cpbaonieamelopé secondary instrument gpzop @8l o5

Instrument gpz&i function gpso? o3:§je F[gr:8E2025
(0) 008B:qp:0d eed[ga$320305 03&:0m[gé: (Indicating function)
powd- sohiepdh apodpor wgd:
() 0088:q0d 90506008 q 30305 03E:0m[gE:s (Recording function)
poed- 0q60680m1 qI00dEI0dEIRY:PSS:
(p) Device 008903 aB&:q|0ewrEssaSmagnd 03€:0m(gE: (Controlling function)
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powd- Chilled water flow valve o3 control cpS$320305 supply temperature o3 03E:om[gEs
[§&2005
Measurement system qp:o3 3203gq[00pd cvSeseqps(application)
(o) Monitoring of process and operation.
(J) Control of processes and operation.
(p) Experimental engineering analysis.

Sensor qpsoopd control system o3¢ o§e[gddloCoopd 3280n 3805323E:qp: [gB[oz0025
32602060: p5qIE:0005 sensor gp: $& 0550007 ©00G80EmE0005 sensor gpiw ©odIc:a0R)
00§ 8:qpe0? 32034g|g) 2290E[GE 90532005 (sophisticated) cpbesigpio? caongodes olgdblaon
o)zses:(chapter)ogd building control system g€ 3209dgjoopd sensor gpsadom Bonseos
eedlgoonsopdi

Sensor qp:d 32034qe) controlled variable gpsei 00$3:03 o3E:0m[p3o0pdi wpdoopd
9BE:0mqq| 6[grpSS ©pbaopdmaepa’y) control crdes ©[gdSE Operator gp:aopd sensor gpion
0050900282009 0083sqp203 cen¢[305(Monitoring)om plant codeadiel a6[geae503 B8E00N

Physical Transducers Field wiring Signal conditioning

phenomena < -
" ‘.ﬂk""“—-\.
—* Thermocouple —» % Mﬂ — L/I/
Temperature Noisy Filters
pressure electrical and
motion signal amplifiers
Strain gauge l’
N\
u u I il .l'r! 4
| — . 7
.I L] Field wiring \ /
Direct Digital Controller N

Filtered and
amplified signal

@ -0 Anatomy of a sensor system

HVAC cpSeds(application)gpiogé saadsqp:aopd sensor gpsed temperature 1 Carbon
Dioxide (CO2) Carbon Monoxide (CO) 1 Relative Humidity 1 dewpoint 1 differential pressure i
velocity sensor $C flow sensor o3gdoopdi Sensing technology 20p5 a0 agi€lgégn 00005
e[pEicdesoopd 0pad (9620t Belopé sensor socodgps 380050[god agoded esery
§oopdi

03Es0maepd3aep(measured variable)o control module 32038293 input 2a(gdeepPad§oopd
G5epIa[osg) process 30:d:03 sensor 830005 ©om:dgE weguep eudlgecy §oopdi
Sensor 00690 Gaongodeepd cpdess(function)gp: $& 32805328E:qp:ad Flgpresdlgaayc
(o) Sensing element: 03E:0:0032005 saep(measured variable)o? 23881 3045882005 AB3§unad

sensing element 068l 205
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() Transducer: Sensing element ¢ 03&:omqodqp:ad electrical signal =5[gda3 e[gpseo:
882005 active device o3 transducer vresl 2051

(o) Transmitter: 03Es0mgjedgp20? electrical signal a(gd control module 8833 deoso0pd
device o3 transmitter vresl 2051

coodecopd transducer & transmitter o303 6dlC:aged sacpody  GoRqEA§ R0
Transducer $& transmitter o3l Geongodgodgp20? “Signal Conditioning” vpesl ado05i

Signal conditioning &1 cpScsqpeen

(o) Filtering to remove noise

(J) Averaging over time $&

(p) Linearization o [g620p5u

:§|,600 system gp:opE sensing element o3 controller $¢ 0305805 §odsood
002560p§o0pdi powd thermocouple o3 controller $&0305§05 §ods0050004(Gs signal conditioning
o3 controller module 3203&:3 caona5gaden§aopdi

Transmitter

Transmitter a32000¢0  signal 008903 LO58Besn0d 3 signal & 2005e3E2005
20530005 (data)gp:o? safgpieoon  device 0069aBa 0066000005000 B3§urn(device)o?
Transmitter opesl copdn

Transmitter © coodeu:§Coopd signal sadjrmaonigpsed 0-5 volt 1 0-10 volt or 4-20

milliamp (MA) o3g620p51 HVAC coSesegEagé voltage output gp:od sacg83500:qp:00001 036005
4-20 mA signal 20p5 3¢) Bodg|(robust)qoopdi sa00:a0[gE dom[odr qpS20p838l $E 00dg

c0&csgpiogt 3¢) cofegpaodi
Sensor $ transmitter 03 $&9c0IC:002:00p5 accuracy o3 eudlgecy §oopdi

Sensor gqp:03 $5:3§§jHgC 000dGeseoMEOPE sensor gpsail interchangeability $&
interoperability 030005 control system qea0R05 sacgS36e 380009 329)05 (B0
Interchangeability 20pS 0005c0SoOGLMNSAe sensor [§& SfgPI0c5CR0%  ddeuNAHdE
sensor o cA3cvu500690E8EG(physical replacement)o’ a3cda05i

Interoperability s300p5¢> sensor gl 0009 $¢ 0009 ABepud coSe0E0pd3a4l control system
$C 030503¢ &§ o§j(operability)o? a3ao0pdu

Sensor qp:0? egequdepogl installation time 1 accuracy 1 precision 1 reliability
repeatability 1 durability 1 maintenance 1 repair/replacement costs 1 compatibility oooéo%o%
32600560t 0D:022qS 332600001

Status o eedgoopd sensor gpzoopd binary output(on/off)o3 cocdeosaopdi Setpoint
00§8:0005 gpsagi€ “"ON” output 93wwpod setpoint 00830005 $pdsqiE “OFF” output cooSeos
2001
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Sensor 3aqp:paopd mechanical device gp: [g8[o300p51 Thermostats 1 humidistats $&
pressure switches o3 [g8[o30025

Status cedgq$ o3ewrod software interlock cpSgS820305 sensor & output o3 controller
S digital input s3[gd §oSeocdaopdi GodiEgepLdl cdfessE  005eBEa0pS(safety-critical)
interlock qpzod dlooa(o3g&aon(hardwired) §odsoodecpdoopdn Software interlock o3 32034qig¢
9%"

Sensor &1 status qp:a0p5 voltage-free contact qp: [§6[0300051 Analogue sensor gpsoopd
measured variable &1 0o§3:03 electrical signal s2[g623 e[gpE:cde0i: controller s8a3 deozaopdi

03&:000:0005 00§3:qp203 input signal s3[gd control crSepPogE saaddgjoopd
1 1 + 15V supply
2 ‘E T 3 [temperature 0...10 V
NTC "K2" E Com
or "K10" 1

¢ 9-J(oo) Passive Sensor $ - (o) Active Sensor
Analogue sensor gp:03 682005012038 J[gp:§Eaopdi

(o) Passive devices: Transducer olo€3 sensing element 20> dloGaopd device o3 passive device
opeslaopdi Signal  conditioning  cpS[g€:ad  controller  32038:5000  [gjewSo0pdi powd
resistance type temperature sensor [gdoopSi cgbedencdemieug§ o33 controller @
analogue input $& passive sensor o3 dloxo3g(field wiring)[gé §odsooSaonz005i

(9) Active devices: Sensing element $¢ signal conditioning co6q§ transducer $& transmitter o3
Olo€o0pb cB§uxnad active device gpzup cal2opdi Controller & analogue input $& passive
sensor o3 loxm|o3(field wiring)gé §ode005000:00001 Transmitter ¢ coodeozo0pd industry
standard electrical signal gp:o3 Table 3.1 § eeblgaonzoopdi

Table 3.1 Standard signals for transmission of sensor readings

Signal Application
0-10v DC Standard for HVAC applications
4-20 mA Common in process control
Voltage-free contact For status indication
Pulse Energy and flow measurement

4 to 20 mA signal o3 a%:q€ dlo[od $6eqpEs(two-wire connection)oon c3oopSi Hostile
environments $& process control qpsogE 4 to 20 mA signal o3 saaddgfe3oopSi 0-10 V signal

o3 o%q€ oo odseqpts Boupod eroseqpt: cBepd0pdl cpogEdd KodeomaeoPE
HVAC systems gp:0p¢ saadd{g[e300001

Intelligent sensor gp:o0pd oB&:upoonsoopd oo&8s(measured value)gp:o a3ewrod
;e[geacs(status)qpeo? digital signal 3(gda3 e[gpE:cd[g: ood[gnieom intelligent device qpzadad
control cpSq§EaR05 Ga0dVpS:eomEs 03E:00000:000) 0§8:gpin? eedlgaSeacgod cusd§ted:
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§oopdn Network 20038 device qpsodoopds cosd §E0p5
aB32[g¢ intelligent sensor qpzoopd 6320050 CRSCEgP0? GeodEgrdeu:dEaodi
(@) Checking upper and lower bounds

(®) Calibration and compensation functions
(o) Calculating derived values, e.g. enthalpy.

0. 28¢5 ¢Eadqedgp:(Definition of Terminology)
Ambient

Sensor §epesep 9Bewpdd control system §epesepet :2§:08:0E03 adcaopdi
Attenuation

Attenuation a320p5¢> 2q$ [op[gEoopdsCany) signal e magnitude [§E:03 933200
00bsp5:304g¢ signal strength sa02500:0304gE: [d2051
Calibrate

20500005 oopdoo&s(true value) $& sensor @i output 00§8:033005 LA568E0H
accuracy a3e0pod uncertainty 32038:§esE[giapd[gE:ad calibrate capdoopSur el aopdi
Closed loop

Relates to a control loop where the process variable is used to calculate the controller output.

Range
Device 009 operate coSepd upper limit $E lower limit 3303220005 Range [gdoopSn

Rangeability

Rangeability s300p5¢0 32[gCediBigSisC 328690:8:55: 3o [g020p5n Control cv68E0pd
flow range [gdoopS
Qmin

max

Rangeability =

Reliability

Reliability &32005¢n device 00b9aopd 2005005000s0009 specification 9Bewpdd 6§
dR$:08200503¢ (3660000 operation cv68Ea0pS Bwupod 3§ (operating hours)eody|
02045683¢ 320060068E20p503 eudlgoop? [468Ee(g [gBaopd
Resolution

Resolution &30005¢n 0BE:00008§8E2005 maGa0c0dedieam vedan(smallest interval)
[g&20p5
Self Heating

Electrical excitation efop& sensor 22038:5 220§§[gEon05c000081 Self-heating 205
[gob8:05026000 aq60d8se{o3pEs(current)eloppE [gbo0pd
Sensitivity

2005¢050020003 input 00§3: efgpE:cd[gEieloE elgptsadagnionpd output 0o§3: [(g20R5
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Stiction

Static ~ friction ~ ood§Egdoopdi  dPoode o€ egagprogigs 0305
9900200pd3(resistance to motion) [gdoopd
Transducer

Temperature or pressure 02009 physical quantity & o0§3:03 volts or millivolts or
resistance change 22[46 a[gpE:cde0:0005 element 2Bwupod device o3 transducer vresl 2051
Accuracy

Accuracy 8320p0en  03Eome(measurement)oopd  opdql 0303000503 8832001
0085p5:304g¢ accuracy 2005 03E:0m603¢ dlofeso0pd sagnioen(error in the measurement)
[g020p51  oBE:0mg(measurement)qp: [grpSo0pd928l [§8ed 2005 Fa6s0Edm(amount of error)
o3 accuracy 0y 200500520051 SEDsEdAN(amount of error)gpseco accuracy pdgE:ecw [gd20RS
0bsp53mige  3905000005{00pd  00&BsoopS(true  value)oopd  03E:omng(measurement)o
offoopd o325 0pdq| §:0600p503 sBcgaoph

Accuracy 2005 sensor oodgell 03€:000005 o3§uongp:eil cogengPa(suitability measuring
equipment) 8360l0gE @oopSo0pdi Accuracy 98wopd total error in the measurement o0pS
linearity 1 hysteresis $& repeatability 035¢ copb:a005a3E2005

Reference accuracy e320p5¢n> 0005005002005 sac[gsees(reference conditions) oz&

q§8Ea0pd accuracy [§620p51 20056005000:000) GrOESEES (ambient temperature) Bsans(static
pressure) $& agGodenodaas(supply voltage)o3oopS reference condition [gdoopS

Accuracy o3 error 2300905 uncertainty [§&copds ceS[g§Eoopdn  Systematic  bias error
$C random errors (imprecision) ope] $8§§o0pdn 0800 §oopd 0o§3:(true value) o3
000588204 OBogpsmsesant ewdlg8Eedapd accuracy [goopd
Reporting Accuracy
¢2200503¢ minimum acceptable reporting accuracie 6o5[goo:a001

Measured Variable Reported Accuracy

Space temperature

0.5 degrees C (1 degrees F)

Ducted air temperature

+1.0 degrees C [+2 degrees F]

Outdoor air temperature

+1.0 degrees C [+2 degrees F]

Water temperature

0.5 degrees C [£1 degrees F]

Relative humidity

+2 percent RH

Water flow

%5 percent of full scale

Air flow (terminal)

+10 percent of reading

Air flow (measuring stations)

%5 percent of reading

Air pressure (ducts)

+25 Pa [+£0.1 "W.G.]

Air pressure (space)

+3 Pa [+0.001 "W.G.]

Water pressure

%2 percent of full scale *Note 1

Electrical Power

5 percent of reading
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CO Carbon Monoxide +10 percent of reading 0-300 ppm
CO2 Carbon Dioxide +50 ppm or 3% of reading
Note 1: for both absolute and differential pressure

Random error
(precision)

Systyematic

error

lilegitimate (inaccuracy)

@ 9-9 Accuracy terminology

Range of Operation

H[gCedisC 208690: operating limit  odsafogpi0pd  ABfooogp:  comligy  3acpd
cv68Ea0p5 range of operation [gdaopSi Gebgoonoopd specification gp:oopd range of operation
320985000 >ojjoCoopdi Range of operation & 35[gEopE oyjeepodesaopdendl sawnsgpigt:
(excessive errors)l o8 320060005[gE:(malfunction) $& qod8dgC:(permanent damage) ©20p503
[§68E 0005

Sensor gpiel 038:8E2005 range o coodcpdan(manufacturer)gpiod 050060005
(catalogue)ogé  eedlgoon:aopdi oBE:co00d 0088:0005 range @ 3a[GEoncSozE  oyeepod
06$60q$ 2003(g[a0&a00!
Budget/Cost

Sensor qp: GgqIudepoRe eqrgSiss cSoyododoopd 38mlo30005 agEd[gdaopd
9€¢[gloons00pd onodqiod(allocated budget)zaogEsdom cpbadElmqeomelopE specification gps
3225008 530503659 600500p0s GggSisE crSoEdod scgsqpidlon §E[gedeepd vurddeo
Hysteresis

Device gpsell accuracy 20pd previous value $& direction of variation ssedlopé
©0oopbo0pdi Hysteresis 0005 3208000005§0005 0088:00p5(true value) ¢ o33 (inaccuracy) o3
es5|goopdi Previous measurement $& copds 20059382005
Linearity

Linearity s30000¢n curve ood9oopd gdse[gpé(straight line)sé opdy &:06000503
eedlgoopdi Sensor ¢l curve 00d9a0pd gselgpE(straight line)sé opecw linearity deomEseco
[g®20p5 Instrument ¢ 03E:00062005 00§3:03 response curve [g¢ cwd[g8Ea000n Response curve

205 gpbse[gpS(straight line)o3ad ©upodag€ adewrod linearity veomE:ag€ continuous control
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application qpsopE [gooosogpsgd [ojjeoge $Ea0pbi adlgooosogpiad elgqliq$aaogad signal o}
qse[pE(straight line)sao3E: s00500g [gdesmE [grpd8Eaopdi oBad[grwd[ge:ad linearise
006200507 @8l 200

Output Actual response

Output \
0 - Straight

5% \ line

20%

Input 100% 0% jnput 10%
Q -G Hysteresis $ o-g Linearity
Repeatability

Repeatability 8300p5¢n g03002(036 oB&:omg(second measurement)aopd ocoeme[36
oB3&:omg(second measurement)s& ©pdqiindaopda’ eedlgoopdn oppBoopd(same) input $E
oppB8aopd(same) operating condition 6300503800 Fa0jjr0Co0pdi Repeatability 20pS device el
accuracy range 63005038000 §oopdi Repeatability $& hysteresis $& o3gr:d0? 2003[gpogoopdi

Sensor gps repeatability pdeoome[opE control system gzl g&:es0oEqRS pdgE:§Eaopdi
Sensor qps repeatability pdeoomefopE controller gpzaopS c305c0053¢) control cvd[gEs(over-
control) [88E20051 ad[gooogna? controller gp:apE deadband cosg) ey E:§Eopd

°C Control Variable
DeadBand

Process variable

Wi

i,

iy,

¢ - Poor Repeatability | Good Accuracy Means Good | Good Repeatability Does Not
Means Poor Accuracy Repeatability Necessarily Mean Good

Accuracy
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100k precise, inaccurate

Chapter-3 Sensors and Transducers

80

temperature

imprecise, accurate

B
>

60 Time

@ 9-© Accuracy and Precision (Hegberg, 2001-2002)

O(p-J)og¢ precise and inaccurate 1 imprecise and relatively accurate 0303 £E:00d codlg

ooo:oaéu
Reliability

Realibility e320p5¢n 2005¢05000:6000 22038:m00m  00daaopl: device 02692005

03[035805qg0 gE5Beg,0E(E: oD V9§3203E: FddesepS [468Ea[g(mathematical

probability) [g&aop5

Response

Device ood9al output o3 function of time [9¢ codjgoopdaadl 3ac[geeessro0d0d
op&[g8(respon)q§ [op§a0pS sacgEmncerodoopd 3005 [§8a0pSi Ad device ad:q§ 20Eiwo0E
oBcopds odonigs 8o0pdi ap&es:000d 03gse§oopd (slow responding) device qps o3 continuous

control application 0g€ ©ad:a0&Sh

Final steady- Transient
state value overshoot
Specified
Output Band
Rise (for settling
time Specified time)
Percentages
of final value
Initial value >
; /f _ Settling time >

Step response time

@ 9-¢ Typical time response for a system with a step input.
ASHRAE Terminology of Heating, Ventilating, Air Conditioning, and Refrigeration (1991)?

$p550po0edluomegpa? Gedgoozoopd
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03E:0m¢(measurement)ood9cd:eil accuracy 2005 6I205dlEagIodgPieil 03¢ Gonba0bi

(o)

(®)

(0)

(20)

(c)

(o)

(s0)

(®)

Accuracy of the sensing element: the claimed accuracy of the element may not be
available over the whole operating range or may be quoted under ideal conditions.
Sensitivity: this is the smallest change in themeasured variable that can be detected
by the system.

Interacting variables: the condition of the sensormay be affected by other
environmental variables,e.g. an air temperature sensor will be affected by thermal
radiation or an RH sensor by local variations in air temperature.

Stability: sensors may drift with time and require checking. Stability is likely to be
affected by operating conditions.

Hysteresis: the sensor reading may be affected by its past history and speed and
direction of change of the measured variable.

Mounting: the mounting and location of the sensor will affect the reading.

Signal conditioning: associated transducers will introduce their own limitations to
the accuracy achievable. Some systems ‘filter’ readings first and only transmit when
the measured variable has changed by a specified *filter factor’. This is used to
minimise network traffic.

A/D conversion: the discrimination of any analogue to digital conversion will set a
limit to the achievable accuracy. Eight-bit conversion divides the range into 256
steps, 12-bit into 4096 steps. In the latter case, a measurement range of —50 to
150 °C would have a step size of 0.05 K.

o Xo) Sensor Performance Characteristic

Sensor qpsell static characteristic $& dynamic characteristic qp:o3  GwS[goorzoopdi

00[gp0egpdegEs0m 6[gpE:cd2005 characteristic qp:o? static characteristic o cal copd

Static Characteristics Dynamic Characteristics
Accuracy Scale range Speed of response
Drift Scale span Measuring lag
Dead Zone Noise Fidelity
Static Error Dead Time Dynamic error
Sensitivity Hysteresis.
Reproducibility Linearity
Static correction
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Actuator Expected Performance Characteristic

Chapter-3 Sensors and Transducers

Sensor Type

Expected Response Time

Performance Assurance

Air Flow Damper 30 second Sensor Feedback
Evacuation 60 second Supervised
Admittance 1 second Supervised
Lighting 100 millisecond Optical Sensing
Smoke Control Damper 10 second Supervised
Smoke Abatement 60 second Supervised

Speed of response

Sensor gpsel opS[gSa(response) aqilgSeamn oopd[§(stable)ds oBoyoopd(accurate)
control coSc&igpod 6e0oEgrA8EBGepd [3doopdi Speed of response o3 time constant [g&

eedlgecy§oopdi Time constant e30p0en efpEicdgel Gp%o? output singal :o[gd coodeos

8E§83 Bcdaophi odgpbemndgé  elgplicdeel 6p% 038q8opgS [do0pdn time constant
2005 00058080001 03E:0005 medium oBzaedl g€ Goobapd

Time Constant
(Thermal Response Time)

Step Temp. Change

Time Constant

‘? 9-00 Time Constant

Controlled variable &l a[pE:cdga3 sensor oo Bg§fopeco time constant gpzecw
[s8[8 control system & op§lgSq(respond)esieco [gdoopdi Time constant §pS:o0pdsasl

measured variable & short term fluctuation gpielop ocdoon:mabaopd control action

qPegdedl cngEoopdi

Sensor @ time constant 20p5 control system @i time lags 03¢ Glo€o0pdu

9-G Selection Requirements

onbsoCoopdesep ogeqdfgt: $& 3200dgepd sensor sa§jreron:  egegiuO[gEi0000
control system 03&:200305 36EE 03005

Control system §),03¢{g8s 908 2o0pEend[gt: 6l 3280 sae(oypEieaqioond sensor o

[g8edl a0 [gaoosogpialorpEgboopdn saqpbeacags piqieomn sensor gpsclopt drift [gdedl[gs
030005 2005008:00388  gEdBs(early failure) [gfgEo3§:86:9S mSoqofodqpa: $C
control cp68EgSs pdCs[gE:a [gdeil §Ea0p5
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32680009208 sensor qp:pE [gdedlenp§oopd [gooosogpies waBoygts(inaccuracy)sé

qo58:qj,03¢4gCx(failure)o? [g620p5n Bgonosn $6§j:wo sensor qpzod wsogtagn ondeoaondqts
(incorrect installation)e{o3p& [gd205u

Table 3.2 Sensor requirements

Sensor requirement

Checklist

Type

Status, analogue, intelligent

Sensed medium

Air, water, gas, oil

Sensed quantity

Temperature, pressure, velocity, humidity

Location Space, duct, pipe
Housing Accessibility, effect on accuracy and speed
Accuracy Accuracy, resolution, hysteresis, repeatability

Operating range

The range over which the sensor performs accurately

Overload range

The range to which the sensor may be subjected without damage

Response time

Affected by sensor, housing and medium

Protection

Is protection required from a damaging environment?

Maintenance

Calibration requirements, ease of servicing and replacement

Interchangeability

Can sensor be replaced by another from the same or different
manufacturer?

Cost

Initial cost and total ownership cost over life cycle

Sensor selection criteria:

Sensor gp:0? egg|oSepPogE 632050l 3gdEPIN? 3EVIGL: 05:02:00E200I

Range:
Sensitivity:

Linearity:

Response time:

Accuracy:

Repeatability:

Interchangeability:

Ease of calibration:

Stability:

1-12

Sensor @ accuracy 2095 range 3263 03¢ @onpS0pS

03E0mg] §E0pd Iea0tcededicam efgpcde(measure of the smallest
change) [gdoopd

Linearity between the change in input variable and the change in output
variable. Signal conditioning is required for nonlinear sensors

The time taken for the sensor output to change for a given change in the
sensor input

Sensor oo o3&:e0sa0p) 00§8s(sensor output value) $& 3205000058000
00§8s(true value)o3el oofgg|od 3a¢0s(error)aopd accuracy [g6o0pd

Sensor &1 consistency

Re-calibrating [g§cp6q$ oc80 oofgm: safjgop sensor o0d9sE elgptsq)
cBpud06e0EE0p 3aqpSancog

The ease of establishing and maintaining the calibration of a sensor
Sensor &l §ooCoopd g&:eeonEapdn?d omgpdesnt cB5:036:000:8E2000
26026
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Cost: Consideration of the appropriate cost for the value of information gained
from the sensor
000dcpbop(manufacturer)e Gosoopd pressure transducer 00696 specifications o3 powd

g0 cudgoonzoopd

Operation

Input range 0-1000 cm H,O

Excitation 15V DC

Output range 0-5V

Performance

Linearity error

0.5% full-scale operating range

Hysteresis error

Less than 0.15% full-scale operating range

Sensitivity error

0.25% of reading

Thermal sensitivity error

0.02%/°C of reading

Thermal zero drift

0.02%/°C full-scale operating range

Temperature range

0-50 °C

o X)) Classification of Error

Apparent measured average

Scatter due
. to random error

Test systematic error

Measured value (units)

N

True or known value

® Measured data

2 3 4 5 6 7 8 9 10
Measured reading number

¢ 9-00 Effects of random and systematic errors on calibration readings.

Error qpsod od:§js S[ap:§Eoopdi

(o) Gross Error

Gross error 205 cpgpselopElgdeo saeigp: [§620pdi 038:0000005 0088sgp: eosod[gts

OQOSQIOS(TI 'Tm@& O:DP_SO% @&Déu
(J) Systematic Or Cumulative Error
(o) Instrumental error

Instrumental error 2005 instrument 6lop¢ [g8edl 6oon Sag:qp: [§62025H

(®) Enviromental error

Measuring device §epesepaopd 200500500600 Fae[gsecs(temperature 1 pressure |
humidity 1 dust or of external electrostatic or magnetic field) o§eoxelopé [gdedl conoopd
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62qPegda00I
(o) Observational Error
() Random Or Residual Or Accidental Error
Residual error opeopds eal ado0pdi sacjogpEigpigoelopé [gbedl§Ee0m Fa0igpigdaodi
03&:0mg (measurement)oodoadseil accuracy 20p5 6320053 2ag/0dgpedl 03¢ G500
62200503¢ instrument error (§)§:03 ¢$Eonoy cudgoooopd

Downscale Actual data trend
3 g o=
T T
> =
=1 Hysteresis a
S 5 Best linear curve fit
Upscale
Input value Input value
Q 9-9J (o) Hysteresis error ¢ 9-0 (9) Linearity error
Maximum for
typical device
N/
g Typical shift -’
o ,/ # = Nominal curve = (high) 7’ //
T 7 ,’ for typical device g A
5 L4 5 o
2 /'\\ . H R Nominal
E //,/ Minimum for 3 P ,4\
y) /A K typical device ,/ ,’ Typical shift
v (low)
Zz
Input value Input value
Q 9-9 (o) Sensitivity error Q 9-9 (v0) Zero shift (null) error
.
4
rd
7/ ’
@ ,/ 4
2 "/ 7/
a / ’
E 2L /5 Probable (+2s,)
P4 V4 % data scatter band on
4 4 successive measurements
ya
Input value

@ 9-2 (c) Repeatability error

0.6 Temperature Sensors

Air-conditioning application gp:op€ 320§§(temperature)oopS 3280 ogeom primary
controlled variable [9&o0p51 Comfort HVAC application qpsogE  =o0q$(temperature)aopd
20056o0¢005000(human comfort)|gdg ¢l sacfgdsacionpE: [gdaopd Humidity 1 air velocity $¢
radiant temperature ©20p5032005  2005GoEMS o (human  comfort)gbe ssedl  sa0:
200566poN§EEaDR0: 20 (temperature)ecod 3280 wogeon  Temperature  sensor
2§ §oopd
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@ Immersion type
Partial Total Complete

@ @ @ Immersion

level

100 Fixed point:
boiling point (1 atm)

|+— Capillary
L

50 l=— Stem

Interpolated point Immersion

level

L
2
3 l 0 Fixed point: Immersion

freezing point (1 atm) level

M U M M&—Bulb

@ 9-0p Calibration and interpolation for a liquid-in-glass thermometer.

005qapdeSqps(industrial) g€ 32034gecp§oopd temperature sensor $6§jEed

Contact Type Non contact Type
Thermocouples Infrared
Resistance Temperature Detectors (RTD’s) Acoustic
Thermistors

Temperature sensor gp:&l 822%dgd(application) o3 c3a5¢) specification ogofgpzoopS
15°C ¢ 25°C 22038:§ accuracy 0.6K co:8Eo0p5 temperature sensor o3 zone air temperature

BE0pqs 200305 322082051 Chilled water temperature o3 control cpde$ 32034gjepd
temperature sensor 2005 accuracy 0.25 K §g§ c832600050

9.6.0 Principles of Temperature Measurement
Process material ¢ 03E:02000) 03§oon(measuring device)sda3 320gb:3aC(heat energy)

ope[pligadapl  326[gde) =0 S03C:0me(temperature  measurement)qpzo?  [gapSfog0025
adelopé 03E:0ma005 o3§uon(measuring device)qpsoopd temperature dependent [g6g§a3o0p5u

0068§e0d analog electronic & digital control system qp:og€ 220§ (heat)e[gpEcdgEs
elop¢ [gded cnoopd agbodedsas(resistance) 6[gpE:cdqa’ 3a6[gdooo0pd device qpa? 3q)
32004g|co[o32005H
200320009 device qpsen
€))] Thermistors
) Resistance temperature detectors (RTDs) §§
@) Integrated circuit (IC) temperature sensors o3[g®a0p5u
Sensor 309808 agiGedenod(current)  [godognsaopdsadl  agibodedeans(resistance)
[g8e0l 20pdn B398l agodedlanoopd sap(heat)elopE 0o§Bemos00:c0d 6[gpEscd8Ea00N self-
heating [g620p507 algpep§oopd
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Bimetal
ocoeBiadieoon temperature sensor 20pS bimetallic sensor [g®a0pSi saodeslodeadyé
bimetal o7 edleapdaopdi cogogrscod(metal strip)sd9od oodox:onpd:s [gbesesmE [gopd

000200051 06UGE0S (Welding) codzaopdi

oqodfgsssS: eoppBoopd(different coefficient of expansion) cogpgpicad(metal strip)
$6903 ogeqiud saadigjoonieanelopé 20§ [§Eei05ee8l codode0dad cagiaga: copd
aBBeogioxgt:od =oefgde) control system gp:opE modulating $p5: a3ewpod  two-position
R Y e

Two-position electric control ogE spiral bimetal gpso?  =a0ddgfo300p51 Mercury
00p5ao0:000% small glass switch o3 spiral sacouS0pE 0obeo€aondGs spiral 32[gEonadope bimetal
o3 ondeofoonoopdt oS  elgplicdfglielopE  spiral 20pd o mo[gti(wind) 9Jeupod
elgeaqpgCs(unwind) [gdedlom mercury switch 2005 agi6educdeus{gpdeolgEs(make the circuit)
a300pod godeomadeofges(break the circuit)od [geooopdn

d
Movement When Heated | / Metal A
[ | Bonded at
o [ | temperature T,
R Low f ™\ Metal 8
U Expansion
\ .
v Material Metal A
'
‘\ \\ ‘\ At temperature
A High &
) | [~ Expansion Metal B {CT)'E {?:jl )
1l Material W= (C)g
IR
r(_.
Fixed End

{) 9-9G Expansion thermometry bimetallic temperature sensor
oGSl 008303 8EQAD[GE eudlyes 320305 small glass switch o pg§[god(indicating
pointer)g¢ §odsood 00280001 F0§ipE ondeoCoonoopd thermostat gp:od powdsagd
60R[gE8E20p5m 9Be205 mercury 205 s2886008e06006[03pE 2003[gjoogo0pd

I Mounting Cli .
Spiral Bimetal g &P End position changes
N N with
Glass Tube /7 temperature
{/
[ .
Mercury Bubble Splral
Connecting Wires
Q 9-0§) Mercury switch Q g-o@ Bimetallic spiral shape
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9.6. J Thermocouple

RTDs o} =00dgq$ oooenqpoopd 3adlgpiop Thermocouple gp:od 3208go30005
Thermocouple gpzoopd hostile 986005 remote environment gpogE 32%dgg$ 0&enqHoopd
Thermocouple gpoopS “Seebeck effect” o3 spaddg) 220§ (temperature)od o3E:om[gE:
562005

Thermocouple qp:oopd a§jp3a02: woppBaopd cogy|(dissimilar metal)s&§0d junction
[gd  edlob0omeomeoPé  I]eSe[pE:cdagi€  electromagnetic  force  (voltage)copSs
e[gp&cda0pdi Iron wire $& constantan wire 0303 junction 33gd @dlC:0b00:00p5m8] Grooo
:205$ (ambient temperature)oooS 100°F [g€a0pbsadl 3 milli-volts coodeozaopdi

s:;o;}:qp:oaé thermocouple material gp:g> platinum-rhodium (Type S or R) 1 chromel-
alumel (Type K) copper-constantan (Type T) $C iron-constantan (Type J) o3g6f0300001
Thermocouple 93:002:2005 handheld instrument gp:ogé +0.5°F ¢ *5°F oBogq(accuracy)

q§$Ea0a5

£
60
K

2 /
S 40
=

20

0 1000°F 2000°F

Temperature °F
c;) 9-0q Thermocouples E and K characteristics

Thermocouple gpsoopd egpgs:§joonoopdn sagudssoneancodfgls $C steady-state of
oqE[a$en eepad8E[ge: odelopE hand-held temperature sensor qp:apE sagp:ad: 32034qgo30005
HVAC application qp:og€ 30098 scg§[gen:oond  boiler $& flue cBopE saaddy) [p300p5
cuooyEigé accuracy comE{da §qf: cgudoneamaelopE sadigpioogdn Table 4-1 ogE
thermocouple &l sazomgod(advantage)qp: $& sa0:5p5:qi05(disadvantage)qp:od eodlgaonzoopdi

e2200503¢ thermocouple &1 measuring circuit o3 eoblgaon:oopdn

Termocouple Extension Instrument
_ Wires
+
- ]+
< o n-
[ | 4
Measuring Connection Reference
Junction Head Junction

¢ 9-0o Typical thermocouple and extension leads
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Junction 3 Junction 4

V=0.(T|-T2)

Junction 2
T,

Metal B &

Q 9-o Practical thermocouple circuit

Junction 1
I

AVpp= a(T1— Ty)

AVyp 2090 §p ©0paopd cogisddEel IppqSop(griged AT clopElgdediamoogd &aas(volt)
oo[gr2qi05 [g&20p5 a 2005 0352600008332 0d9(gda0N

Transmitter 205 =p§Se[plicduelopé  [gdedleon  agGodedmza:(resistance)
e[p&:cdqa? linear signal 33(gdad e[gpCscdeosoopdi Digital control system qpsop€ software
qp:od 3200qge] look-up table o3[o300¢] agEodedsms(resistance)od o3E0nG: 0 Se[gpCicdy
00§8:03 eed[g§Caopdi Boupod thermistor manufacturer gp: 9300pod lab gpson Go:a0Rd
exponents $& coefficients qp:od 32034g|q) exponential equation gp: clgqEigEs(solving)gEaopds
aog oot ofScogs

380 gmsomged(advantages)sé  saxsoSiqodgps(disadvantages)o? Table 4-2 o3&
eedlgoonzoopdi
Table 4-2 Thermocouple — Advantages and Disadvantages

Advantages Disadvantages

Self-powered Non-linear

Simple Reference required for accuracy

Rugged Least stable

Fast response Least sensitive

Wide variety Very weak output, millivolts

Wide temperature range Limited accuracy for small variations in temperature
Inexpensive for lower accuracy Sensitive to electrical noise

Wide range of operation Complicated conversion from emf to temperature
Robust

Small size

Accurate for large temperature changes

Thermocouples Instrument
Pl s Py Py E +
< - [ -
L=
— Extension
1+ Wires
Conne_ction Connection
Heads Box

c’} -0 Thermocouples in parallel for average temperature measurement
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Extension Copper Leads
1+ Wires
0 < Instrument
o9
s -~ g+
3 L]
o) —
E o -
@ ¢<::
=
[ o
Connection Connection
Heads Box

¢ 9-Jo Two thermocouples used to measure temperature difference

9.6.p Thermistors

Thermistor gp:o0pS  semiconductor compound gp:  [g6[0300p51  220§§[gE0005gE
Thermistor &1 cq60ded3:(resistance) oyjeofsogneoopdi 20qS 5p5:cAd 6[PEglg agded
9d3s(resistance) 0o$3sqpign algprdo0pdi

g
A\
A

R?T

0 32 77 105 122 212
Temperature °F

¢ 9-JJ Thermistor characteristic
O(p-JJ)ogE 220§8 77°F opElgbediesonpd agibodedsan(resistance) sadj(ratio)o? Y-
axis o3& @edlgaon:aopdi Resistance-temperature curve &l characteristic 2005 qj:e[§pE3203E:
(non-linear) [gbecscor
Thermistor qpsel accuracy 00p5 +0.5°F 9§ [§®00pbn +0.2°F 3208 comEiezantaopds
[g0968E 0005 Sensitivity sacgSeomEa00bn 0obsp5:emdgE 20 e(p:cdgad ag€lgSga(fast)
030303j0q038E (detailed response)aopd

2§§lopaonoodsCany thermistor ©odopoopd 30§850088:  ogdodg(drift)  §oopd
3205000000 §aopd 00&8s(true value)sC thermistor 0050p000d 200 §$0083: ognfgpiongo? drift
[§820p507 e[grecp§oopdi Befopé elogpemn calibration codeu:gS c3oopd

(§)503003E: 0.05°F o0 sagpsads drift [g9o0pd thermistor gqp:od eqrgs: §joooglgé
0uS0p g8E0R5
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Insulated junction I.J Bonded junction B.J Exposed junction E.J
standard optional optional

=)

@ 9-J? Mineral insulated thermocouples

i

40
35
C==E>Leads 30
. g
Bond Type ? -
c
Washer Type g 20
15
1 10
5
Leads
A % (lJ '210'410'510'80 100
—X&DISCT € Leads M temperature ("C)
{) 9-Jg Variations in thermistor sensor packaging Thermistor resistance versus
temperature is highly non-linear and
usually has a negative slope.

Thermistor gp:o0pd 220803 c30dq) agdodede: algpl:cdoopd thermal resistor qps
[§8/0300p51 Thermistor gpzaopS negative temperature coefficient §aopd resistor qpegdfoz00251
2oq[gCenecy thermistor el agdodedsas(resistance) oqjeolzagniecofgdoopd

Table 4-2 Thermistor — Advantages and Disadvantages
30:000gj0d4pe (Advantages) 35p0qi004p: (Disadvantages)
High resistance change Non-linear
Fast response Fragile
Two-wire measurement Current source required

Q.G.c; Resistance Temperature Detectors (RTDs)
Resistance Temperature Detectors (RTDs)oop_S sooésqp:oa&s temperature sensor oo&?m:

[§620051 oop5[86[gE:(stable) cBoggs(accuracy) $¢ eqpgSaqom[gts odelopE RTD o3 analog
electronic $& digital control system $&§jgoad:03€ saadsqP:0001

RTD o3 0@ [gipSoonaopdi 82p§§a0pd aBoogriopt [gdedaopd agibodedsan:
(resistance)s¢ qdselgpEaaadEs(linear) elgpiades00001

Q(g- J9) sooi):qp:oaé oagglsaé’m:s;m:qp:cp platinum 1 copper-nickel 1 copper 1 tungsten

$C nickel-iron alloys o3fgboopdn RTD gpsopl sfsadoonsoopd cogoqiCod 32034q conso0pdi
Recalibration [giop6q§ ecsabaor
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0°C og¢ standard platinum RTDs cq0od9dsas(resistance)onsd:o00b 100 ohms
[§600051 q00dessmispSso0pd(low resistance) RTDs gpzoopd dlom(o3eelope [gded conaogh
0q00d9d3s(resistance)odcopd: copdopionqs cBaopdi dom(dBeeloE [goedl cnaopd agided
9d3s(resistance)od cagpsodicoqs three-wire 98ewrad four-wire circuit 03 32035gI8E2005

RTD Insulated Leads

Lead Seal RTD i
j Probe Sheath Packed in MgO RTD Sensing

Element
Subassembly

LA

Thermowell
Spring Loaded
Mounting Fitting
) Removable
, Terminal Retainer
Connection Block
Head
(;) 9-J9 Typical RTD and thermowell construction
8
7 \
1\
5
\../Thermistor

Ry

— 4

HT?
3

RTD

2 —
1
0 32 77 105 122 212

Temperature °F
@ 9-0§) Thermistor and RTD resistance change with temperature

Platinum RTD gps20p5 100 ohms o€ +1.0°F accuracy q§§Eoopdn ao§eCoosaopd (high
purity) platinum sensor qpseil accuracy 20p5 +0.02°F (92005

Thin-film platinum RTD &l cq00d9é3a0s(reference resistance) 2005 1,000 ohms 52001
eqrgS:§oon[B accuracy comEsglielops wesmg§ord electronic $E digital control system
qpogE RTDs 03 codocochonde thermistor qpscood Je) saaddgjaon(ogo0pS

Thin-film RTDs & accuracy 20p5 calibration point 32§:03€ +0.5°F o +1.0°F [gdoogd
Platinum 2og|el 83080009j0500d9en drift [48[gS: 3a0R8e00:00001 sdsadgodyp: (advantages)
$C 300:5p0:q/05gps(disadvantages) RTD gpzo? Table 4-3 03¢ cwb{goonzoopd
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Table 4-3 RTD — Advantages and Disadvantages

Advantages Disadvantages

Most stable Expensive

Most accurate Current source required

Most linear Bulky in size and fragile

Good sensitivity Slow thermal response time due to bulk
Uses standard copper wire Self heating problems

Copper RTD’s minimise thermocouple effect More susceptible to electrical noise
Interchangeable More expensive to test and diagnose

Transmitter 2038: § electronic circuit 20pS RTD ¢o 0godaod signal o3 DDC o
005988005 signal sofgdBeepodesmE amplifie cpd[gl:s $& conditions cvd[gE:ad [gpd
G020

Output

F N

Thermocouple

Y

Temperature
Q 9-Jq Thermistor versus RTD's versus Thermocouples

RTD connection to a Wheatstone Bridge:
- Two-wire
- Three-wire
- Four-wire
Two-wire measurement
Aom[esdeqpts o3 =0 RTD [9¢ 220§§0BC:0m[gE:0000 soefgdzaoyjedsspds
[§620051 §:qEscgudmn(Be egps$igoon00pdn Beadd accuracy veomEseon doml3selope [gdedl
0200 resistance 03 cloE 20 $2005 true value c0a53[ESE0R0

Three-wire measurement:

Three-wire measurement RTD device qpsoopd bridge @i lead wires o3¢ [gdedl esa005
resistance gp:0? c80dp3e0:00p01 Two-wire device 03 32505:c0b [g[gEaonigleam [go0p5n Lead
wire oodegpE00pS bridge circuit &l 3560 3E:008005(top half)od 03E:q) oyj$ wire oodegpEsaood
63200538 0068005 (bottom half)o? 03E:ewz000d
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. hermetic R, A
ceramic powder protective sheath seal N

| ~. 4
# [ \l / RL B‘\
~ [ ¢
( I/I‘IIIII o 4 current
|

 A— :
k\ ’l \\ external ; Vv, T source
T Rx

7 A AY leads v
7 \ :
Platinum element internal ceramic
lead insulator R, )

wires AVAYA
¢ 9-Jo 3-Wire RTD Configuration for a Digital System

Four-wire measurement - Switched:

three-wire measurement o3¢ lead resistance $69 vop38EeomaeopE =2

One of the limitations with the three-wire measurement, is that if the lead resistance
is not the same or suffer different effects, then the measurement will be erroneous.
The Four-wire measurement takes both sensing leads into account and alternates the
leads into the upper part of the bridge.

By alternating, the lead resistance is effectively measured in both sensing leads, but
is then cancelled out by taking the average of the two readings. This level of
complexity does make four-wire sensing more expensive.

Four-wire measurement - Constant Current:
Four-wire [§¢o3&{gE:oopd lead resistance clopEgdeoon error [gooongno? constant current

elgqt:qf 260mEiadisd: [gBoopdn 38mmeelopEiaopd wire elopElgbeosn voltage drop
[020p51 clumsdegptsaopd excitation power o 2005eeEG: [gbedlcnoopd voltage o

o$lomn sdegpEige 03E:0ra0pd

L1

- M

R1
RT
Eo
—_‘_;ES o O » AN\ __,__ES
L2
R2 R3
c? -t 2-wire Wheatstone bridge circuit circuit <[> 9-00 3-wire circuit

Shown is a 2-wire RTD connected to a typical Wheatstone bridge circuit.

Es is the supply voltage;

Eo is the output voltage;

R1, R2, and R3 are fixed resistors; and

RT is the RTD. In this uncompensated circuit, lead resistance L1 and L2 add directly to RT.
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In this circuit there are three leads coming from the RTD instead of two. L1 and L3 carry the
measuring current while L2 acts only as a potential lead. No current flows through it while the
bridge is in balance. Since L1 and L3 are in separate arms of the bridge, resistance is canceled.
This circuit assumes high impedance at Eo and close matching of resistance between wires L2
and L3. TEMPCO matches RTD leads within 5%. As a rule of thumb, 3 wire circuits can handle
wire runs up to 100 feet.

L1WI'

L2
8ls Eo ;I RT

L3
MA

4
‘W'\;L

c;) 9-00 4-wire circuit

—0 O

4-wire RTD circuit qpza0pb resistances eo30503[g€:(mismatch)o? elgeqpodeodaopdi

A common version is the constant current circuit shown here. Is drives a precise measuring
current through L1 and L4; L2 and L3 measure the voltage drop across the RTD element. Eo
must have high impedance to prevent current flow in the potential leads. 4-wire circuits may
be usable over a longer distance than 3-wire, but you should consider using a transmitter in
electrically noisy environments.

'\).G.g Integrated Circuit Temperature Sensors

Integrated Circuit (IC) sensor qp:cy% current source device gz §§ voltage source device
qp: :2[g0 $8Gjpd: §$E20p50n Semiconductor junction diode gps&i current-voltage characteristics
o3 226[gde) opdSeaonndoomoopdi Current-voltage 2005 3204 (temperature)sé el 32038
s0050300g)05 (linear relationship) §aopdi

IC sensors & oahoogBqpien (Properties)

() eapgSaqoongS: (relatively cheap)

(9) 320§ -50 °C © 150 °C 32038000 03E:8E[GEx(limited temperature range)

(0) o3oguS[gés(relatively fragile) $& [o3pqpdad:ag€ stability pdqiEgEs(poor stability over time)
() [g€0e agq6edenodams: cuqs c33a0[gEs(require an external power supply)

(c) BAS 03¢ 03:q8 wo0Caagpge: (not quite suitable for BAS application) o3gaopdi
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Voltage

s % s

S

(;: -°J 4.3: IC sensor output types

IC sensor output types:

(o) Voltage output

(®) Current output - minimum sensed temperature
(o) Current output - average sensed temperature

Linear Diodes

Table 4-4 Linear Diodes — Advantages and Disadvantages

Advantages Disadvantages

Most linear Use up to 330°F

Inexpensive Power supply required, Slow, Self-heating, Limited
configurations

Semiconductor diode $C transistor qpeg¢ oopSeemndoooopd Integrated circuit (IC)
temperature sensor qpzo? solid-state temperature sensor 3005 linear diode opgjeopds caleny

§oopdi

Solid-state sensor qpseil oodfepegiod(advantage)en calibration coogs ado oceadfge:
[§620p5n Table 4-4 0p€ Solid-state sensor qpsel s3:000i05gp(advantages) $¢ 320:500:q05qps
(disadvantages)od cwbgoonzoopdi

c06csé aofengpoopd sensor sa§jmeon: 6geqd[gl:oopd Bignieasaq ogadefgndndy
(economics) cBogq(accuracy) $¢ 2§803p20p003¢ Bodgiqq(long-term reliability) o3gdo0p5

Sensor characteristics qpzo3 Table 4-5 03¢ 325890 cedlgaonzoopdi

Table 4-5 Temperature Sensors Comparison

Type Primary Use Advantages Disadvantages Response Time
Portable units Inexpensive Slow to fast
. Very low .
and high Self-powered depending
Thermocouple voltage .
temperature use for average fout on wire
o outpu
< 5,000 F accuracy P gauge
High sensitivity Very large Non-linear
Thermistor General use resistance Fragile Fast
< 300°F change Self-heating
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Long for coil
Very accurate . .
General purpose Relatively Medium/ fast
RTD R Interchangeable . .
<1,400F expensive for foil Short for
Very stable A
thin film
Integrated circuit | General purpose Linear output Not rugged Medium /
<400°F Relatively limited selection Fast
inexpensive
9.6.6 Summary of temperature sensors
Sensor type Primary use Advantages Disadvantages
RTD Very accurate, . .
General purpose water, tabl Relatively expensive, not
stable, -
air, steam ] very sensitive
interchangeable
Thermistor High sensitivity Very sensitive Nonlinear, fragile, prone to
applications, chilled self-heating
water metering
Thermocouple | High temperature Inexpensive, rugged, | Not very sensitive, low
applications, boilers, self-powered voltage output
stack gas
IC sensor General purpose, low Very linear, high o
o ] ] Not very rugged, limited
temperature applications | output, inexpensive ) ] .
o physical configurations
(<200°C)
\Y R
ry r 3
o RTD
o Thermacouple 2
=) ©
£ -
o
Temperature " T Temperature T
\
or F 3 A
I
Thermistor
)]
= e
° g IC Sensor 2
[@) R 7]
g5 2
>o @]
» T » T
Temperature Temperature

(? 9-09 Characteristics of Thermocouples, RTD’s IC and Thermistor Temperature Sensors
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Q.G.q Temperature Sensor’s Measuring Errors
Table 8.8 03¢ temperature sensor gp:0d  30%g[gtieloPs  [§Oed §Ea00
Fezgps(Measuring errors) 036e5[gaon:opdi
Random Errors
(o) Imprecision of readings
() Time and spatial variations
Systematic Errors

(o) Insertion errors, heating or cooling of junctions
(o) Conduction errors
(®) Radiation errors
(o) Recovery errors

() Effects of plugs and extension wires
(o) Nonisothermal connections
(®) Loading errors

() Ignorance of materials or material changes during measurements
(on) Aging following calibration
(®) Annealing effects
(o) Cold work hardening

(G) Ground loops

(§) Magnetic field effects

(©) Galvanic error

(q) Reference junction inaccuracies

9-Q Moisture Sensors

e0deg gps(gases) a30wod ero oBogd dlofesaopd GqEg 0edM(Moisture content)o?
$ad&seo(humidity)op celoopbn §adEseo(humidity)o? Relative humidityr Absolute humidity $C
Dew point o3¢ 0ode0é ce[g8Eaodi

daBC:e0(Humidity)o3 o3€:0008E2000  spdsopoogps(technologies) $E&  $pS:c06sgpagd
§oopdn 633005038 3200:qp200pd G3E:0m05p5sPi03 GEdgoosopdH

Relative Humidity Absolute Humidity Dew Point Measurement
-Mechanical -Gravimetry - Chilled mirror

-Wet and dry bulb -Electrolysis - Lithium chloride
-Surface resistivity devices | - Infrared - Wet bulb thermometer

-Crystal frequency change | - Conductivity

- Capacitance

- Colour change

- Karl Fischer titration
- RF power absorption

- Neutron reflection
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- Heat of absorption or desorption
- Nuclear magnetic resonance

9-Q-0 Humidity Sensors

Air conditioning coSc§sg€ogé 8c3E:e0 03E:0m[gE:(humidity measurement)aopd sacgé
:6qE0300pd coodeogopl drift [98[gE: $& contamination [g[gE: ©a0pd [gooosogp: [o3ecy
§E20p5

603§ eqeg doe(moisture content)elopé ©00EsE SEgS(nylon) film 032005
so§0god(expansion) conoopdi Bodqeaopd $p5gdG: contamination [g8[gt:od $8EqSood
a36o05 accuracy pdoopdi

HVAC application qp:og& capacitative polymer film sensor §§ chilled mirror dewpoint
sensor $&§god 3200sqp:oopdi Capacitative polymer film sensor o0pS relative humidity o3

Bo5§0d03E:8Ecomaelopé  sadigpigiydoopdn Sensing element o3 membrane o3eupod
3odlgE(netting filter) $s3p600080005m Low humidities a300pod low temperature coSesaqpsogt

dewpoint o3 sa03307 03E:q§ B=ab20p5

9:Q-O Relative Humidity Sensors
HVAC system gpsogE 8odC:eo(humidity measurement)od o3E:q§ 320305 00pd[Gd
(stable) Bogj(Accurate)Gs Gqeg$iqoon00pd 0B§ox a0gSepzoopdi

ASHRAE Standard 62.1 Ventilation for Acceptable Indoor Air Quality [Ggp§eqo5 229
2:00$:32038: odC:e0(relative humidity levels)o? 65% c300503E 038:00:q% 822620001

Solid-state technology o3:0005congae(opé accuracy SeomEsamn ¢aodaopds Bodgje0pd
accuracy qq$ Relative Humidity sensor gqp:oB & cB8:038:aqp: [gopSe$sE calibration cobes
832600051 Belopé 88&:50qp:00pS eqrgss Boge 5 [g[gEBE:38:0 020050303 §Ssoq)
HVAC control system qpso? 8&&:c0668 a3005i

Humidity 0§3:q§q$ relative humidity 1 dew-point temperature $& wet-bulb temperature
03000650& 0905098E20001 Relative humidity 03 3agp:adi03E:om eap§oopdi adonsd:od:qfraopd
0b95C b ;[gSsacps s00dodes[goopd 0od§EdEed dry-bulb temperature s0§$5$E
08GEs0503E:008EqE 0850 §el 0088:03 q¥Co0pdi  Barometric pressure o3 c30dq)
00§ 8sqpie[gpEiadeseamnelopt Bamse|gpEigad ao3gigEadoopds
Relative Humidity (RH):

Humidity sensor qpsoopd hygroscopic material 03 32034q|q] [gjcpO0o:00p51 Hygroscopic
material gp:&  cpcopd(dimension)aopd  8odCseo(humidity)od  c8ode]  elgpCidesoopd
0065p5:304gE hygroscopic material qpsoopd 6rcSe 6qEEO3 POV Ya[gElgdaopd
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B§eSegaagEyps(animal hair) codoms(wood) $& 3Eonqd sa§jedje(various fabrics)
032005 hygroscopic material qps [g8[0300p51 cBogobiqp:a? portable sensor qpogE sagpiads
32004 [0300p51 Accuracy 20p5 £5% relative humidity cood Sqpecp§oopdi

9:Q-J Resistance-type humidity sensors

Absorption and release Resistance-type humidity sensor qpsogé
¥ ¥ of moisture content hygroscopic material 820%[g| 020000

l’ f'
~ b

Electrode

Hygroscopic  materialsqp:ch S0d
Polymeric membrane Yg P . Qﬂ)_ 9
9d3s(electrical resistance)20pd

v, wl'-. S K " 8B&:eo(humidity)od 3odq) egplacd

‘ ' ‘ (porous metal | ic membrane) G:§ooéu

Principle of polymeric
membrane humidity sensor

‘? 9-9G Polymer resistance humidity sensor

9-Q- Capacitance-Type Humidity Sensors

Thin Film Humidity Sensor

* Polymer absorbs water <, Aluminum Base

* Deposited on conducting . Polymer
grid, and insulating base
ch ‘ "~ Gold
. anges resistance or
capacitance
* Accurate +/- 3% RH

¢ Must watch calibration &
contamination

Q 9-9§) 4-19 Thin-film Sensor Example (Hegberg, 2001)

Capacitance-type humidity sensor gp:o? 063a§s§fgC §8E0p51 Hygroscopic material
qp:ei electrical capacitance 2005 8c3Ess0 (humidity)o? c8o5¢) elgpE:cdesoopdi O(p-p8))ogE
[goons00pd903E: 3a0gs Skagoaopd aluminum oxide 1 polymer $& gold o3sé [giapdaonzoopdi
Aluminum $¢ gold o320p5 capacitor i plate qps 33[g® 00p5§a05

Capacitance oap_S aluminum oxide layer 3a00¢ o?f)uaooozowo cqeg(water vapor)
0enmeil0gE ¢ooode) e[pEicdesoodi sacgsdkoopd egeaag(very thin layer of gold)ogé
eqeg(water vapor) oSop[gs [gSoood[gls [9becloopdn Jason-type hygrometer opcopSs
ol 6§ oopdi 85% relative humidity s203E:03E:091€ accuracy sacg$eomEsapdi a09SqP:aopd
$adEseoaopdeco(higher humidity air)adogé 3203ggi0qi¢ qod8:8Ea0p5 +5% RH accuracy ¢
+1% rh 35a8eomE:0pd RH sensor gp: §8€a0p01 03 +1% rh accuracy o€ hysteresis $&
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calibration uncertainty 03 Joaopbi doSssC 0obsdagE 1% ¢ 3%RH of drift [§B8E
Gooe[opE 99:008[036 Ges calibration crdes 836005

9:Q:G Lithium Chloride Dew-point Sensors:

Dew-point sensor gp:o0pd sacg§cBoy00pd humidity sensor qpsgda0pSi egEo3koopd
Bpmoonsgp: [§0[o300p5m BcdC:eo 03E:da0pbecwsé saturated salt solution (lithium chloride)
adeog8: aB3:0pqo0pd Steady state adeepoda0pdeadl solution & =20p§SsE ecosl dew-point
20803 0pBagniodi sacgSodoyeacdeond:s 0r§[gSe  sacgSesi(slow to  respond)oopdi
ecoad0pe BadE:e0 3acgsspSiaqilow humidity levels) eoBogg(inaccurate) [88Ea0p5n Sensor
accuracy 20p5 +2.5°F 0005 36000001

Light Source Photocells

T \
~ Comparator
Temperature Thermoelectric
Sensor Cooling Unit

& 9-p6 Chilled-mirror Dew-point sensor

9-9-§ Chilled-Mirror Dew-point Sensors:
:0p$Boyoopd dew-point sensor e5005006§jsen chilled-mirror [gdoopSi & (p-p6)oRe
[goomzaopd 3203€: light source 1 two photocells $& s2632:9000:2005 o8 (chilled mirror)o}

Olo€o0pb chamber 3203828 0380005 @Lnd [godao§ieoo0obn Photocell 00692005 light
source ¢ =c0&:008:03 reference 3[gd BEOod WEHSLRFAEON F[Prd9a0pS  photocell

:263:0000:00p008 (chilled  mirror)e  oodsolfg§amaopd  saculion$id  cooSdupoopdi
ad3ac0E:08: 58903 8E:00P[RESE crvel dew-point 20 E03 938200

o8edlopC condensation [§6e0l 20pd38l FacE08:qpro0pd Godsadlgfom: (scatter)
090500200001 a0308l 080 FcEsonsiqpsoopd photocell a4 weepod§eompeon Light level
eaqpspdiogdgioond  condensation  [gb[gl?  codjgaopdi  wSel  qodsn[gEsggS(surface
temperature of the mirror) RTD temperature sensor [9¢ 03&:un[g€dyC condensation oot

[§8ed 0005 205803 qfjoopSi BmgS§0pd B:ofan0pd crvel dew-point S20gS0E [gdaop5

eqr5$dgC[gS:elopé chilled-mirror sensor gp:o3 commercial building gpsop¢ relative
humidity sensor qps 2[96 saadigecedeor
3050009054 ps(advantages)
(0) Dew-point o3 c305§05 03E:om[gCa
Temperature $¢ RH 036 03050p002:0009505: wwpodeol
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() Accuracy £0.4°F 3208 q$&[gE:

(p) 03E:008E2005 range (—20 and 80°F dry bulb) oqud[g§[gc:

Chilled-mirror sensor [g¢ ccoel dew-point 220803 o3E:0po0pd328] wSgEdso[gEediog
contamination  [gded§E0pS  Befopé  Blupepdecood  co§elesnt  od(filter)oonqs
83000001 FpgScBoqoopd  accuracy  Beabo0pdsedl  chilled-mirror  sensor  gpsaopd
:26eonEiadist 3008e0qHedgdoopd

Wall —
Mount

Qutdoor
Dict | e | . Mount
Mount :
Q 9-9qQ Examples of humidity sensors Q 9-9@ Sling psychrometer

9.Q.6 Psychrometers

Psychrometer 20p5 wet-bulb $¢& dry-bulb 320§§03 0305§0503E:09000050049E humidity
o3 oB3EgCdgdo0pdn Wet-bulb $& dry-bulb 220§E0088:03 a8cq€ psychrometric chart ¢oods0&
o$esa0pd erosionhaogdqps(properties of air) sand:od a38Caopdi Commercial building
qpopE psychrometer gps 006808 320d¥{gey ©§eoodcupd: safgpiean humidistat $E relative
humidity sensor qp:o3 calibration co6q§ea0305 2aaddgfo300051

Sling psychrometer gpodcopds 32034g8Ea0pdi Sling psychrometer o3¢ 200880
(thermometer) s&eqpE: dlo€a0obn 009880 (thermometer) oodegp:n? Gegod con:0p5dlgs:
0300705 220090[g¢ vodooEopSI o3ndesa0pde [4OEOESI0305 2008802 (thermometer)
$6eqp&:a?d :wEamspdicadop 6g,.qq0pdl Besnod wet-bulb $& dry-bulb 320§§00§3:03
aqi€lg$g> wobopqoopd Wet-bulb $& Dry-bulb 320§$0083: $6§ge Psychrometric chart o3
32004q|q] RH $& moisture content o3 0g0dup&&aoodi

g,83(swing)oopd :p§$sp0gt: $C¢ 000880 (thermometer)opt  eerdeacHeINE
0Bgod[gtiode(opE 3oy saespbso0pd
Advantages of Psychrometers
()  Physical propertie gp:o? 0305805 o3&:omeamelop recalibration cpdes ecdeor
(®) Indoor environments gp:og€ saadigjnq€ accuracy 236esedicol
(0) wet-bulb 220§§0083: +5% accuracy §§E20p5
(@)  200Seantq§ cadkagudSopoogd
Disadvantages
()  Psychrometric chart o3 o[gbocs =20dgqoopdn Wet-bulb $E Dry-bulb 320§8qp:a?

psychrometric chart eolog€ esepg)(locate)qoopdn Besnod 08009 0o&3:qp:a?
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(®) Duct 3203&:§ 60003 03E:q5005320201
(0) 60053 BodEsens 50009328l (low-relative-humidity) o3€:q8 90532005
(@)  202880m(thermometer) gpse 0083:qps0? vodupoopdeaslogt error gps [gdeol §Ea0pS
(c) Contamination [g6[g€selopE error qp: [gdadl €005
system| _
pressure T
Gauge system
pressure
Local
reference l
pressure - ——————————— L — — — — — -
Standad pbr-———————Fp—————-— Absolute
atmospheric system
pressure pressure
101.325 kPa abs.
14.696 psia Absolute
760 mm Hg abs. reference
29.92 in Hg abs. pressure
Perfect
vacuum
Q 9-9 Relative pressure scales.
P
///// h\ Motion
[t
I \
\ =1 || =
P> — P2 — } —f—
pl pl Ir ,1' j pz
e ——
Motion Motion
P
¢ 9-Go C-shaped Bourdon tube Bellows Diaphragm
—| L= P1
— —— ——— Do
P, ] — p,
—E——
Motion ———
Motion
Corrugated diaphragm Capsule

Q 9-Go Elastic elements used as pressure sensors.
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?.9 Pressure Sensors

Baans(pressure) oedanod a[Gooss dsmioo[geg(differential pressure)gé o3E:eap§oopd
Fluid $6§ ool Bsomsoplegpg o3ewpod fluid oob§el 8son: $C reference pressure odel
[go257:910503 SBE:0p[g: [gBa0pdn

@ooad3ms(atmospheric pressure)od reference pressure 22(g62005005(8: 03E:09q2005
8222203 gauge pressure vp 2005905 Glgpadenp§oopdi Gauge pressure 8320pSen pipe 03C:q @4
a300pod duct 320985 eco(fluid)el Bsanisé eroopdams(atmospheric pressure) o3el ofgpaqiod
o088z [gdoopdi Fluid ood§jeel absolute pressure e3o0pd¢n gauge pressure $¢ Gooopdsans
(atmospheric pressure) 03eAIEs) §aopd0§8: [960pSI 0ELLSEaYED§[IEY G830
(atmospheric pressure)opd 14.7 pounds per square inch (620051

eq3a3:(water pressure)od pounds per square inch(PSI) o8wopod KPa [9& 03E:ecy
§oopdn psig o3 gauge pressure | psia o3 absolute pressure 1 psi o3 differential pressure
6003033 gE 200500560R§ 00!

ecodaas(air pressures)o? inches of water gauge 936005 water column (g€ 03E:0200051 One
inch H20 2005 0.036 psi $& p8gjoopdu

Gooopdaan:(Atmospheric Pressure)
ool  eagodsogE(sea level)edlod oooSeepadesoopd 8sas  (theoretical standard
barometric pressure)o? SI opsd $& IP 056 o3[gE cedlgoonzaodi
Torr kPa Inch of Hg M Bar Psia Psig
760 101.4 29.92 1000 14.696 0.0
psig = psi &1 6§20503¢ g [3& eedlgag€ “Guage Pressure” [gdoopSi (positive pressure)
psia = psi &1 65705038 a [9€ ewd[gagiC “Absolute Pressure” [gdoopSi (positive pressure)
psiv = psi &l 65005038 v [9€ esdlgagi€ “Vacuum Pressure” [gdoopdi (negative pressure)

psi vpeedlgagC “Differential pressure” [g92000n (positive or negative pressure)
Pabs=Patm+Pg
Paps = Paym — Pyac

Differential pressure 2005 fluid $6§jgen 3za0:070apg0d Bewpod reference pressure $&
0380005 pressure o3l 8sogepiod [gdopdi

Pressure sensor gp:og¢ diaphragm o3ewod bellow ©20pd[gE 330:03 03E:0008E2000
saep(force summing element) dlo€oopdn smelopé [gdedanoopd 392203 ©0§b(spring)

aJewnod  oofgpseom  elastic  structure  ood§p§iEgE  IPEsopfgts (900N odspSizandyC
Bsonelopé [gbedleom displacement o3 electrical quantity 33[gd e[gpEacd[G: 03E:0m esd[yfgc:

[g2005

Pressure sensor o3 egegodoopdaagodyps(selection criteria)ed temperature sensor gp:o?
6geq|da0pd FqIodgPiSE 0poopd
sao?:qp:eoao pressure transducers soc?m:s;m: (g)éﬁl:(],o
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A

e
7]
E d

——

| —

Insulated
standoffs

\\ . N )/

Diaphragm

Pressure ||
Bellows

] Capacitor
/| Plates

Pressure
Port

<°g °°GJ Capacitive pressure transducer

eomio0dp3§,

Coil Ly

Diaphragm
Coil L

("g 2°G? Inductive pressure transducer

Strain Gauge
g Flexible Beam Pressure Port

\ | Force
Summing
/ Member

7 (
Temp. Compensating —’\,
Gauge
/ / Output
[ Crystal Voltage
Bellows
Pressure oy _—

¢ 9-GG Strain gauge pressure transducer

(0)

)

)

()

(9)

1-34

Piezo-Electric Transducer

("g °G9 Piezoelectric pressure transducer

Capacitive pressure transducers

Capacitor o3 plate $&9[g€onpbesmnndoonsaopdn BsomelopE plate $8961 sr0zzRGO:
e[pEicdgad 03Eopoopdn Capacitance o0pS oscillator circuit el 32805323E:{gdaopd
capacitance e[gpE:cdaeloppé oscillator frequency  e[gpE:ado005n Oscillator - frequency
e[gp&cg0’ Bgeg Bzmie[gpCacdygod 238Ea0pd

Inductive pressure transducers

Inductive type pressure transducers o3¢ coil $&9 clooopdi primary coil 03 ac eoodeas
cosq) induced voltages elopElgdbeclamnaopd saeg(displacement)od  o3E:00gdgE
8100§:0% 388800

Strain gauge pressure transducers

The deformation of a piece of wire subjected to force due to pressure along its length
causes a change in wire diameter and hence the wire resistance. Resistance changes

are then measured by a suitable bridge circuit.

Piezoelectric transducers

These use materials whose electrical characteristics change when they are deformed

under pressure, e.g. crystalline quartz exhibits a change in resistance when subjected to
pressure (piezoresistive)

Potentiometric transducers

These consist of a 3-terminal resistor with adjustable centre connection in the form of a
wiper. The wiper moves as a result of force due to pressure, and hence pressure
measurement is related to the position of the wiper measured as a resistance.
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9-©-0 Summary of pressure sensors for BAS applications

Sensor type Primary use Advantage Disadvantage

Capacitive low-pressure air; duct Cheap Complex signal conditioning
static or filter
differential pressure

Inductive Low pressure Rugged Expensive, temp

compensation difficult

Strain gauge

High pressure, chilled Linear output Low output signal
water, steam

Piezoelectric Fluctuating pressures, Wide pressure Difficult to calibrate
sound, mech. vibration | range
Potentiometric | General purpose Cheap, high Low accuracy, large size,
output physical wear reduces life
Wiper
or movable
I contact
_ e e
Displacement __ -
-
L / W
VTN
/I ()"’Iejt(ulilffﬁflfi{fl 1
III w
l\“— Moveable arm of 2

pressure element

R1

Bridge T R, ] .
power — | W
1

2

supply

Measurement
proportional to
pressure

Resistance-measuring —
bridge circuit

<°3 9-9@ Potentiometric pressure transducers

9-9-J Mechanical Pressure Gauges:

O(p-G6)¢ eudgoonoopd pressure gauge gp:ogé Bourdon tube o3 sensing element
:[gd soadigjoonzoopdi Bourdon tube 2005 a860060n503E Boboonoopd spiral tube [gdoopS
B[gr200000503E  03E:c32000 B30z 200SeEPoSEo0RdN Grocpdaaia? atmospheric pressure
reference s3[gd 2005600500051 03E:c820p5 Bsazowdangpicnagi€ Bourdon tube 20pS 080905
efgpEonsiancddopdi eenliod(linkage) $¢ Boon(gear)o oodeol oR&[god(indicating pointer)o?

eg,0qp:e0a0p51 Bourdon and spiral tube o3 water system gpzoan saadigjor00p5

1-35



HVAC Control and Building Automation Systems

eomio0dp3§,

Bourdon
Tube
N
~ N
N
N
N
=
&
’
’ 7/
’ /
/
<« Calibration
Link
Pressure or
Vacuum
Connection

\/35%

Q 9-GqQ 4-22 Bourdon Tube Pressure Sensor

Bourdon
tube

Mechanical
linkage

Open =
to applied
pressure 1
Applied
pressure

Q 9-G® 4-22 Bourdon tube pressure gauge.

099 Diaphragm sensor

O(p-Ge )ogE [goomoopd diaphragm sensor o0pS chamber $69dloEG: flexible wall
a3000d diaphragm [g& 3&dgrzoon:000b Gagnoopd ooBdgps(thin steel sheet)o? diaphragm
2[gd sp0digjooneomelopé Gooscodoopd Bamse(pindeypin’d a38Eaopdi Fabric gpsadcopds
diaphragm =2[g® 320040320051 683302 dCVEdLEN 3OEPOYE 00G303 GaoscLdaR)
8222203 03E:8E20051 Baans(psi) epediCsgpign gpsaopd Bsmsgpiadcopds o3E:§Eaopdi Beadd
pressure gauge qps 330:03:03C 00§00050022000 pressure range qps §0300p51 Pressure range
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QPG sensitivity cagpspSsaonerolgdoopdi Diaphragm pressure gauge gp:od water $C air
system qpzopE 3aad4go30005

To Amplifying Linkage

Spring A
Diaphragm

Y
Low E; e
Pressure Taps M)
High |;‘

Q 2GR 4-23 Diaphragm Pressure Sensor

p
/ Dead volume, ¥V
Resistance _| [
strain gauges - Diaphragm
Signal
condition_ing
Lead | #| electronics

wires —<=—~CExcitation voltage in
Electrical signal out

(b) Bridge-strain gauge circuit
for pressure diaphragms.

3 b:
3 =z
5 >
1 Preference

Q 9-§0 Diaphragm pressure transducer

82203 038:a0pd mechanical device gpesaiadiod transmitter $& o3¢] 3203qQS 3000
transmitter 20p5 83a:e[gpCscdagp:a? singal qps3algd cocdeo:aoRdi

' L
Pz P ‘ X —egi—
—
~— R, — E,
—\VWWWWWWA——
RL

|

[l

El

c? §° xx2 Potentiometer pressure transducer.

Pressure sensor ¢ electrical output 000560:8E2003 transducer a%:§jsqoopdi

9-9.G Potentiometer
potentiometer 00pS sa§eqlsadicomn device [gdoopdn & xx2 oE(coil)ondesE slider
069[g¢  0opdesonodaonioopdi  Slider 20pS  oE(coil)  odeagpodop  eg aqp:8Eaodi
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B (coiedl§ slider esepelplicdgod  transmitter o> B§Ge  B3:00§830[gd  o[gpiq)
eedlgeosaopdi Potentiometric qpzoopd egroocdameasdeopds accuracy §6a0051

9:9.§) Electrical Pressure Guages:

Piezoelectric pressure sensor ¢ c3¢] o3$ pressure sensor gp: 803030005 33
00§8:qp:0d 2080056[god 03E:0n(measure continuous)oopdi Piezoelectric pressure sensor 8oz
e[gpcdgelopé [goeil 2003 strain elgpCad[gt:od o3E:ome) output signal 33[gd coodeuzaodi

Baoeplicdo0pd  Fedloomn  oBE:omoopdn  00dspdimndyC  elgpCicdylgded vom
832:00§8:3000603 update o505

9.9. 6 Capacitance pressure detector
Capacitive pressure measurement $00:00p5 diaphragm eg oaqpzg e[gp&cd[géseopé

[g6e0l cono0pd  capacitance a[gpE:cdgod  oBE:0po0pd5pd gboopdn Sensor 8200508326005
6232803 high frequency oscillator oupoopdi pressure changes 83 6[gpEscdqe(opE diaphragm

& 65epe|gpEiada0p5n BejgpE:adqaa’d bridge circuit ¢ capacitance [gEo3E:ara05i

Capacitive Pressure Transmitter Inductive Pressure Transducer
* Change in bellows position « LVDT: Linear Variable Differential
coupled to two capacitor Transformer
plates
Positive Pressure .
l Diaphragm Output Voltage Diaphragm
/ Ferrite Core \
—\
/ - Insulator N
4% /fl VW[V
/b Reference Pressure AC EI(citeVIVoItage
¢ -9 Capacitive sensor ¢ 9-§) Inductive sensor

Capacitance sensor o3 &(p-6)ogE eedlgoon:aopli  Capacitor o3 plate $69[s¢
oopdeeonadoonoopdl  smielopE  plate $89el  maopmco:  G[pCicdead  o3E:apoopdi
Capacitance 20p5 oscillator circuit ¢l 32805323&:{gbaopdi Capacitance elp&:cdge(opE oscillator
frequency o[gpC:cdo0pSn  Oscillator  frequency  elgpCicdgod  B[gligé  Beanselgpticdga’
238 Eo0p5

O(p-g9)E eedlgoonsoogd inductive sensor gpsaopd metal core og€ oFiE(coil) $69
00500000 transformer $& s08ora0001 Metal core o3 ag,aqp:8Eesnt [grpdaonoopdi Metal
core g .cqpifglielopé metal core o€ [gbedlaonoopd magnetic flux o3 transmitter
030900051 Boondeo 8300838 20[g03 6[gpEiaraodi

32003qpso0pd  capacitance pressure detector $6§ge> two-plate design $& single
capacitor design [g6oopdi  ojspdgEodtqé o3ogj(accurate)@ operating range a0
00520001 Capacitive pressure measurement 20p5 o§30038: =qpdel 22[gE0d 03E:epopt
0g$E0dgP:00pdI
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oscillator

Advantages Disadvantages
Inaccuracy 0.01 to 0.2% Temperature sensitive
Range of 80Pa to 35MPa Stray capacitance problems
Linearity Vibration
Fast response Limited overpressure capability
Cost
Diaphragm
Insulated c it
Standoffs | | apacitor
\ J plates
N1
Pressure _—1 I Pressure
Bellows ;l— port
Reference
pressure
Ill 1
T High
|~ ~ o Output o—| frequency

"N

Z

Process
pressure

& 9-§ Capacitance pressure detector

€ Flow Sensors and Meters

Process flow gpzod 03E:090000 32800 $05:00:§jsen velocity 1 volumetric flow $& mass
flow o3[g&aop5n

Air system $& hydronic system qp:op€ flow sensor gqp:o3 52034ggo0pd §P0gEdgo5ed
energy process control $& energy monitoring §§330305 [9620pSH Sensor gpsogE o&3:03

eed[g§Caoopd o3§oon(indication device) Bowpcd 0oEBsgpiod a38:e00d: @odod:con:§Ea0d
oB§on(recording device) dlo€esagié o3 sensor o3 8ox (meter)or el aodi

Factors affecting flowmeter performance

(o) Process media (Liquid/Gas) (vd) Velocity
(@)  Density (Specific Gravity) (c) Viscosity
(o)  Temperature (©) Pressure

1-39



HVAC Control and Building Automation Systems

Volumetric Flowmeter sa§jgsaonsqpsen
(») DP

(®) Turbine
(o)  Vortex / Swirl
(0) Magnetic

eomio0dp3§,

(c) Target
(o)  Ultrasonic
(s0) Displacement

HVAC $& ACMV coSesgpiogE flow control o saadigioon:000d esepypsen chilled water
flow condenser water flow 1 hot water flow $& air flow 03[g620051 HVAC applications gpsogé
Foqp2ed: 320%4g[00pd flow sensor gpzod 632005012003¢E: Groizpte §8Ea0N

(o) Differential pressure flow sensors
(J) Displacement flow sensors

() Passive flow sensors $&

(G) Mass flow sensors o3 [gdoopdu

8:e08:e50000 fluid 20p5 fully developed [gbgoon fitting $& obstruction gpselopE
dcoleoom eddy € vortice gp: 0€s60:000 flow sensor gpssasadiel 038:009EP: 03 2p)
$ P ? QPSR [P 02 @

880005

Flow sensor qps 229:09:0005 cdeconodesant elgpgonsonpd dodeaqod afewrod duct
32405 §95 Bz0600p51 BE:omayp: oBogesanses upstream oz duct/pipe diameter & (j)so ©
(00)s0 $& downstream op¢ duct/pipe diameter & ((j)s0 ¢ (p)so c3z62005

§ooaopd o[gpfon§ioond 805 adeupod duct sagpd ©g8€dlan  straightening vane
aoupdd grid qpso? aaddqe) accuracy JeomEsesant [grod§Eaopdi eq(water)sE coo(air)od

030003 flow meter qpzod sp0dqP:a00N

Differential Pressure Flowmeters

Advantages

Disadvanteages

Use On Liquid, Gas, and Steam

Limited Rangeability

Suitable for
Pressures

Extreme Temperatures and

Effected By Changes In Density, Pressure,
and Viscosity

No Moving Parts

Maintenance Intensive

Low Cost
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o Differential Pressure Flow Meters
‘ Differential pressure oooeog 8ss8:(flow)o?

god0a[gE:0pd  $6edIEqpigoon  320ddgR00pdsp5s
[g©20p51 Bernoulli’s equation o3 saegdq) Differential

pressure o S:583(flow) 03 ogedupoopdi

-' T 2Ap
p

Differential Pressure Flow Meters:

2AP
P
where V is the velocity,

V=C

(Equation 4-1)

C is a constant that is a function of the physical design of the meter,
DP is the measured pressure drop, and
p is the fluid density.

HVAC system gp: 00§ cualisC copboodesaopd meefgeacsqpiogl ecusé eqods
a36a0p5s0gp: we[pEicdoeon ABelopé eco & eq 36a0p5s00088:(density)od a0:098:q)
03058E20051

C-J Orifice Meter

Differential
Pressure
Sensor

/

b-—— Calculate

Flange with
Taps for

1/4" Lines Flow (GPM) = C+AP
Pipe \

: JI— Orifice Plate
1 |
| |

c? -8 4-26 Orifice Plate Flow Meter
o€ 4-26 orifice plate meter & (03 Gwdgoonsoopdi Orifice plate 2005 3acLVS0RE
g26dlod(with round sharp edged)dlaogd plate oobelgdoopdn Orifice plate o [gode) 8:a0pd fluid
& Reynolds Number qp:aopdsasl flow rate $& pressure drop 030005 63005d P3g[gldsc
800506652001
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2 AP
V=C|—
p

Orifice plate o3 saadigopdsesl flow coefficient C o3 measured area of the pipe and
orifice opening 03,6 0690& a38&(determine cv6$E)a05n

[gr2e000 device gp320305 flow coefficient C 03 coodeogodaodgodyp: (experiment)
c060pq0pdl BefopE orifice meter gpso? safgpieoo flow meter gpzsan: calibrate cpdepopt
3200gjoopdi Orifice meter qpsoopd zanioyeolsg(pressure drop)gps comelogpé HVAC system
qP:pC 303gecy ofeon Reynolds Number $05:0005 flow gps(lamina flow)ssogab accuracy
onje0C:8Ea0051 sopodsacioigp: $¢ 2edlodg05e8:00860qpad g&:oB{gls(wear) odelopE HVAC
system qpzopE 3a05:5p5:00001

N R Venturi Meter

Differential
Pressure
Sensor
Calculate
High [
Low
Flow = CVAP

- \

O(p-§6)03E Venturi 3a§jsza00: flow meter o3 codlgoon:aopdi Venturi meter $& orifice

meter 036l 2a6[gda0eomoep: 0ppdooopdi 3208 (inlet)sEsacgad(outlet)od elglgbesant [grpd
conseomefopE Venturi meter ¢l 8sasogeolsg(pressure drop)spd:oopdi Bsgs: qpiao00dee4l

Venturi

S 9-9@ 4-27 Venturi flow meter

static pressure 20p velocity (kinetic energy)sa(gda3 elgpEsadognzoopd

mol(inlet) o static pressure oe08:god 03E:n[glid: e33005ABG[EED 3200
velocity 03 005008E20051 Flow coefficient 03 06:0004(test) qpeapde] qouagEaopdi

2 AP
V=C|—
p
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Convergent .
Cylindrical entrance | Throat | Divergent
inlet outlet

i ;
i
. g : Iy
. Y
o= 1
T | S
dl—L =2 21 O et e e = —— 7" o1 15°-

ﬂrlﬁjf)//ﬁp

1

(Ap)loss
)

o

Relative pressure drop

<°3 9-9q The Herschel venturi meter with the associated flow pressure drop along its axis.
Venturi meter gqpzo3 steam flow measurement qp:op€ saads{giecy §oopdi Water flow
measurement gp: 920305 220digjecy ofeun GqpsslqtereanaelopE air flow measurement
qPesecgod oo seadolgfojeon Standard density o spaddgd e68:5$:300305 @83005d
234[gE4sE cudg§Eoopd

Impact pressure
interpolating

7 ] 7 | [Z77A 7 / tube
fAveraging c % 5
(QJ plenum \

l l Flow l l

i % AP

l l l l %\ “Static”

4 pressure tube

<°3 Q-9 4-28 Averaging Type, Pipe-mounted Pitot Meter

1-43



HVAC Control and Building Automation Systems eomio0dp3§,

V = 12.2VAP Equation 4-2
V =12.2VAP (Equation 4-2)

where DP is in psi and V is in feet per second (fps).

O(p-99)0g¢ 30b320E:5 06s000s00pd pitot flow sensor o3 eudlgaon:aopdi Sodaptsg
velocity profile ooans  qoSogéigls(natural distortion)o  eogpspdicoqssaogod  Velocity

pressure 03 03C:090000 port gpsoopd tube oodeagpPodogt aopb§oopdi Sensor tube gpselopE
turbulence [g6edl[Ge accuracy eoqpoyglaqps [96eol 8€a0001 Downstream § static pressure

00§ 8sqs ¢2:03E:8Eo0pd
Accuracy 3eomEieoq§300305 3§60  000dcpEapgps(manufacturers)aopd  238:
$ooP§ 3001 gooend saddegepdlo3oopSs

Downstream

. averaging

Pipe or Duct Fixed chamber

\ separation
point
Flow
) )
Diamond-shaped

annubar

~_J Q averaging tube

Upstream
averaging
chamber

Standard round
pitot
averaging tube

Variable separation point

Q 2-9€ 4-29 Annubar flow sensor

O(p-99)20p5 Annubar flow sensor $[gdoopSi Annubar sensors 2005 bi-directional senor
[g000p51  3a§g8(symmetrical) o0pS sensing port $69 doCeomelopE seogist o[gs
$600050%:03 038800001 Bi-directional pressure transmitter o3 saads{gg$ c3o0pb Bi-directional
pressure transmitter e320p5¢n 29000083: =005(zero mark) ¢ @OlC:onod(positive side) $&
325050005 (negative side) $&00500%:03 03E:8E2005 transmitter [gdoopbn afeo0d HVAC
system gpsop $6000500%:08 03C:8E2000 (Bi-directional) sensor gp: w3260l Primary-
secondary piping system 026s08a00:0005 chilled water system 5000 decoupling pipe 93wupod by

pass pipe 0od6sepogEan 3% ggsadaodi
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Cover

/
| Switch

—— Weldolet

-~ Pipe
I 2 v 7]
«— Paddle
bz 7

& 9-60 4-30 Paddle Flow Switch

9-@-G Displacement Flow Meters
8:e50005 fluid stream a398 cvpb8E20PS scLASYP: codglige oBE:raod flow meter
o3 displacement flow meter vpeal 20p5i

Paddle flow switch

Paddle flow switch 03 4-30 0p¢ @udlgoonoopdn dodadap Bseoliesy § ofod B8EqS
2005 Zadi{go300p5 Fluid flow elopé paddle [grsoneco: oBEogneo0pd 328logE switch o3
activate coSeoggl g JodadopE Beolsg [gbedleselogpls 9B8Ea0o0n Air system gpsogé
Beqlolds (03000 paddle [gpz0d 220ddg8E2005n “Sail switch” vresl 6§ ooodi qo58:8E05:
2560005820051 BodgIee$ee0R05 $0s [glgEad8:addiaqp: [grpdes 83260005

1
' Signal
H Pickup coil
— %

- S

c? '\)-Go 4-31 Inline Turbine Flow Meter <[> Q-GJ Cutaway view of a turbine flow meter.

9-@-§ Turbine Meter

O(p-60)og¢ turbine meter o3 Gublgoon:aopSn Fluid stream o33 copdoono0pd 3c005$E
800500220009  propeller-shaped rotor copboodoopd 8360503 ABE:oplellyl 858:03
0388o0p5n HVAC system qpso water flow measurement gpsod 03€:q5320305 sagpiads

200gg|ecp§oopdi
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Magnetic sensor (metal rotor)od 3203gqje] 820056q0% 03E:0n[gE(gbo0RdN Infrared light
& reflection 03 s20%dgjg] 3005603 ABE:0p8E2051 Non-magnetic radio frequency impedance

sensors 03 32034q|q] 220096603 03E:0rE 00N

Turbine meter gp:a0pd B:e08:00p) Bsoopdep $&a005ads(bi-directional)od o3E:8Ea00u
Dual turbine meter o3 spadg accuracy JeomiesmE [gopd8Eoopdn Turbine $8903
e[p&g§ (opposite directions) on6s0oonieomaelopE counter-rotating rotor $690005 swirling
current qpzod alggod(cancel out) 0d8Eo0p5r

Turbine Meter

High accuracy (.5% of rate) Clean water applications only

High rangeability (up to 50:1) NIST Traceable Factory Calibration
Compact design Low cost, Easy to install

Fast response time In and out of line, under pressure

Broad range of sizes
Turbine Flowmeters

Advantages Disadvanteages

High Accuracy Only For Low Viscosities
Suitable for Extreme Temperatures and | Moving Parts

Pressures

Can Be Used On Gas or Liquid Sensitive to Flow Profile

Pressure differential flowmeters gaé’mssomseuos

Helical gear Oval gear

Nutating disk Rotary

Oscillating piston

9.6 Target Meter

Cover

/
| Switch

-~— Weldolet

N |

«— Pipe
I v ]
+— Paddle
£z ]

& 9-6p 4-32 Target Meter
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O(p-6 ))ogC target meter o3 cwdgoon:oopdi  Drag-force meter vpcopds esl eapdaopdi
Flow elop¢lgbedieom paddle edlogé cocSeepodesaopd smowan ¢ondeol flow rate o3
03800001 Flow rate Jqpseco bending action dqpsecolgdBs stress Sgp:cdgopdi

Strain-gauge ©02690& stress 0w SBE:p§EPSI ROgPiesEa  385IAE:
(moving parts) oClo€[gE:a005 30:000g105[gb205n

Ri ivi
Bluff Body (Strut)  Traneducar
7 4 % 7 2
—————— 7 7 Transmitter
ﬁ“"‘/‘::) it @ oFLE 1t 1 transducer

=~ vV
= vV
R C ')
_/'—\\9 O TR |
e v MV Receivin
% 7 s Shred vortices y L g

transducer
I Voxx E:firl / T;_anssn;i'ﬂing )
{ I:rgrte: strertﬂn?n ransducer Vortex Flow meter

<°3 9—@9 In the vortex shedding flow meter, the flow path is obstructed by a bluff body (or
strut) that creates the vortex swirl. cg@:co&saloppE:s(flow path)od bluff body [§&
2000:32005906630E [gjrwde) vortex swirl [gbesan[girpbaopd

?-@:qQ Vortex meter

Vortex meter gp:o0pd 30532098203 copdogEioon:a00d sensor ¢ 00690& agGedsddys
flow rate o3 03Co0pd $0{gdoopdn  Sensitive (g[8t accuracy sacg§eaEs0di
eqeg$ilgCenteomnalopE HVAC system gpopE saaddgecy ofeor

& p-6g Swirlmeter
Vortex / Swirlmeter

Advantage Disadvantage

No Moving Parts Span Limitations Due to Viscosity
For Liquid, Gas, or Steam Flow Profile Sensitive (Vortex)
Uneffected by Pressure, Temperature, or

Density Changes.

Wide Rangeability

Vortex / Swirlmeter Benefits

High Accuracy 0.50% of Rate Versatile
No Moving Parts Electronics can be used for Diagnostics
Minimal Upstream Piping Works with Entrained Liquids
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‘ Measures Low Flows ‘

9-@-® Passive Flow Meters
Passive flow meter gp:oopd fluid stream oda3 obstruction [gdeoo0pd ©pSoopd

FPEPOPIP2oRy| ©copdad flow rate o3 03E0ma0pdi oBelopé dsmsogeolsq(pressure drops)
olgdbedleon Fluid stream 25038:5 cpdepieseon 32805338:qp: foeseomelops [gfyc

038§:086299p: [gpdes ecdsadeor

a\,"p 7
AR

o 9-66 Ultrasonic meter

Transducer 1 Transducer 2

N ’
S e
~ a

N -
\\ //
\\time 1 time 2 // ‘ y
AN 7
Q—.— \\\\ }'//I/‘// dl
N s
~ '
\\ ’/ A

Reflector

c‘;) Q—GQ Principle of a transit time (ultrasonic) flow meter.

CE Transit time ultrasonic meters
Transit time ultrasonic meter qp:oaé flow rate o% o§83q$990808 sound waves &

6g,0qP:00pd 32§83 03E:q) fluid velocity 03 caod0na0pdI O(p-66)ogE Transit time ultrasonic
meter o3 GeSlgoonzoopdi

eanondy eonlq fluid o393 ultrasonic sound wave o3 Jdagodoopdi Besn0d
downstream S 0060800005 sensor ¢ 3cga5c8050005 ultrasonic sound wave o [g§ods
020

Ultrasonic wave & ogaqSfopqs (travel time)od o3sq average flow velocity o
0305q05(g¢: [§520pdn Transducer $69800pd 32505 00d9a0d transmitter [g6[G: oy§oodead

receiver [gdoopdi Transmitter coonfond9 Gonlsq fluid o398 ultrasonic sound wave o3

3g0oda0pdi ABesnod downstream S oobeoCoonoopd receiver © Sodadndo0pd ultrasonic
sound wave o3 [g§&:0900001

3obel :[gonodoge sensor qpio? oodeoaonzaopdi Fully developed very clean water |
no air bubbles $¢ straight flow 220305 accuracy 2005 +1% of full range [g620pSI condeoy
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03&:0mqqpsope accuracy 20p5 £5%0005 dqpsecy wfeoi Piping dimensions 1 fluid properties $¢

other practical limitation o3e{o3p& coodeay,03E:0mgqpiopE accuracy ogeotsq[gEs [gdaopd

Ultrasonic Flowmeter o0& doppler $& time of flight upg) $&:o3(gpz0005
(o) Doppler effect, used for dirty, slurry type flows

(®) Transit time measurement, used for clean fluids

Ultrasonic Flowmeters - Performance Considerations

Reynolds number constraints

Installed without process shut down

Entrained gas or particles for doppler

Straight upstream piping requirements

Clean liquids for time of flight

Ultrasonic Flowmeters

Advantages

Disadvanteages

« No Moving Parts

«  For Liquids Only (limited gas)

« Unobstructed Flow Passage

«  Flow Profile Dependent

- Wide Rangeability

«  Errors Due To Deposits

9-¢-00 Magnetic flow meters

Magnetic flow meter gpsoopS magnetic field o3 saaddglg) magnetic induction $o5¢g¢
flow rate o3 oB&:0mgE: [g620p5n 0BEs0pe0d fluid 20p5 non-zero electrical conductance [g&qepd
o0bsp5:3:0dgE deionized water ofgbeoa sacg§oB0yea0d00pd: GgiEgSdgCenaopdi Turbulence

[559§ 90585200 sludges $¢E slurrie qpzo3copds 03o7g> 03E:08E20p5N

& 5o Magnetic Flowmeters
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Turbulent Laminar
Velocity __ ,__ Velocity
Flow Flow
Profile Profile

Q Q-G@ Electromagnetic principle as applied to a working flow meter.

Magnetic Flowmeters

Advantages

Disadvanteages

No moving parts to wear out

Liquid Must Be Conductive

Very Wide Rangeability

Physical Pressure and Temperature Limits

Ideal For Slurries

no obstructions or restrictions to flow

No pressure drop or differential

Accommodate solids in suspension

No pressure sensing points to block up

Temperature independent

Capable of measuring flow in either direction

Magnetic Flowmeters Advantages Over Other Technologies

No moving parts

Measure dirty liquids with solids

No pressure drop

Measure highly corrosive fluids

Flowrate independent of viscosity,
temperature, and density

Very large turndown

Minimum upstream piping requirements

Linear output

Electronics interchangeable without regard to

size

Direct Measurement 06882005 Mass Flowmeter gpsogE Thermal Dispersion sajszeon: &

Coriolis 0pg] $6§8 3[gpe0001
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9-@-00 Mass Flow Meters

Coriolis force meter $& angular momentum meter ©20pd mass flow meter gpsod HVAC
cocsaqpopt mass flow meter gpzo? 3200dgiecy ofeon Thermal anemometer 2300pcd hot-wire
anemometer o3 air flow measurement 03&:epoRC 32098 3aadgP:a00N

Signal Electrical
Output Power
|| | | Circuits for
Duct Wall ! Controlling,
Comparing,
\ Amplifying
] |
Air Flow | !
i |
[ I

Resistance Heater ——* +— Temperature Sensor
| |
——«— Perforated Tube
@ 9-Q0 4-34 Thermal Anemometer
O(p-qo)ogE thermal anemometer o3 cwSgoonsoopdn Air stream o398 3206030020005
heated probe o3 copboglsg] mass flow rate o3 03€:00001 Googps [godoo§: ognseomelopé

heated probe 2005 ezasoga:a0pdi Probe o temperature sensor $&  electric resistance-heating

element o3g¢ [gapSoonzoopdi

Heated probe o3 32058 200°F 0£038 088:002:8EqS320305 33260005 electrical current
o3 oBE{glyC velocity signal o3 §8Eo0p51 03E0pa0pdeagES erosl Bbaopdeo(air density)
0e[gpE:aduy vIEooR0Rd

5,600 thermal anemometer qpsog¢ heating element 20pS0€ temperature sensor

[§020p5n Self-heated thermistor o3copd: a3:ecp§oopdn Temperature sensor o3 upstream og&
consg] air density o3 a8ee¢ entering air temperature o3 oB3&:0p(g84g¢ accuracy deomieznt

[g10968E 0005

Thermal anemometer qpsell Sa0200gEOw>  pitot tube sensor qpzsC  §E:00d0qE
32095860005 air velocity o3 o3&:8Ea0p51 Commercial model gp:320305 500 fpm 63005038
+2% to +3% accuracy §§Ea0p5i 100 fpm cBeeant oE:§Ea0p5N 93eadd accuracy 20pd +20 fpm
[920p51 Anemometer [g& velocity 150 to 5,000 fpm =a038: 03E:qIE cLr>$8Ea0pd accuracy

0820001
Pitot sensor qpza0p5 400 fpm (0.01 inch wg) 03¢ o3ogg§ scg§e055a05 Pitot sensor

qpzoopS velocities range oqdsogpoBom o3€:8E8a0pbi BelopE VAV system gpioged thermal
anemometer qpzoopd  360mE:ed:  [gdoopdi  Thermal anemometer o3 fan inlet oR¢

006908gjeopds 3aadig|§ Eaopdi
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Figure 4-35  Air Flow Meter

@ 9-Q0 Air flow meter
¢ (4-35)03¢ air flow meter gpzo3 codlgaonzoopdi

Hose or Tubing

&t High
Wall of Pipe or Duct
\ Low
Differential
Pressure
sp Sensor
Flow l
TP —— (VP =TP - SP)
_

<"3 9-q Pitot tube sensor

O(p-q) Pitot tube sensor gpzoopd GroLMNdYEN [g5S:(speed of aircraft)od o3Eepagé
Foq2ad: 3203gecdoopSi HVAC application qpogl ecodigs: $& cedigs: $8Gpadiod oBE:qs
220305 :20dg|ecpdoopdi

O(p-99) 93¢ [goom20pd3203E: Zac0Lde adlod0pS total pressure §803 03E:e0z00001
eonse 2060050005 static pressure 0303Eseo:00001 Total pressure o0§:3¢ static pressure

00§8:03 §050q|C velocity pressure 00§:3:03 q§joop0n

Pitot tube velocity differential pressure o0§8: standard density seclgEae$RE
[§8e0l 205 air flow 03 6320050 P8¢[gE:0d 3a2dqie) R050R8E05N
V = 4005VAP (Equation 4-3)

where DP is measured in inches of water gauge (wg) and V is measured in feet per minute
(fpm).
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Integrate and
Totalize
Pressure
Differential
Sensor
. Static Pressure Tip
Duct Wall Manifold (Also Averaged)
— Total Pressure Tube
Air Flow — } /wilh ngeral Openings
- | (a Series of these
} Across the Duct)
Flow (CFM) = Average Velocity x Area
¢ 9-qp Figure 4-37 Air Flow Measuring Station

Figure 4-37 shows an air flow measuring station (FMS) commonly used in duct applications.

In large ducts, the FMS is composed of an array of pitot sampling tubes the pressure signals of
which are averaged. This signal is fed to a square root extractor, which is a transmitter that
converts the differential pressure signal into a velocity signal. (With digital control systems, this
calculation can be made in software with improved accuracy over the use of a square root
extractor.) The velocity measured in this way is an approximate average of duct velocity, but it is
not a precise average because pressure and velocity are not proportional (the average of the
square of velocity is not equal to the average of the velocity).

Where fan air flow rate measurement is required, the preferred location of the pitot sensor is in
the inlet of the fan. Two arrangements are available. The first, which can be used with almost
any fan, has two bars with multiple velocity pressure and static pressure ports mounted on either
side of the fan axis. The second, much less common arrangement has multiple pinhole pressure
taps that are built into the fan inlet by the fan manufacturer. Differential pressure is measured
from the outer point of the inlet to the most constricted point, much like a Venturi meter.

Locating the air flow sensor in the fan inlet has many advantages compared to a duct mounted
pitot array. First, air flow is generally stable in the inlet (except when inlet vanes are used, in
which case this location is not recommended) and velocities are high, which increases accuracy
because the differential pressure signal will be high. Even where inlet vanes are used, a location
in the mixed air plenum space could be found. This location also reduces costs because the
sensor array is smaller than the array required in a duct. Perhaps the most important advantage
of this location is that it obviates the need to provide long straight duct sections required for the
duct mounted array. The space needed for these duct sections seldom seems to be available in
modern HVAC applications where the operating space occupied by HVAC systems is heavily
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scrutinized by the owner and architect, reduced to its smallest area possible, and consciously
minimized.

9-@-0 Displacement Flow Meters:
B:e500p air stream o503 cwpS8EaPS 3CVSYP: OV gEgE 03E:r2005 flow meter o3

Displacement flow meter vpasl c0pdu

Propeller or Rotating Vane Anemometers: Propeller or rotating vane anemometers are commonly
used hand-held devices for measuring air velocity. They are seldom used as sensors for control
systems because they are accurate only for measuring velocity at a single point, and velocity in a
typical duct system varies considerably over the duct face.

(? 299 Rotating Vane Anemometers:

Table 4-6 summarizes some of the velocity and flow sensors that we have been discussing.

Table 4-6 Table of Flow Sensors (Hegberg, 2001-2002)

Velocity and Flow Sensor Summary

. Accuracy & .
Sensor Type Primary Use . Advantage Disadvantage
Maximum Range
Orifice plate Water +1-5%, 5:1 Inexpensive, great Sharp edge can erode
selection lowering accuracy
Venturi Water, high- Low head loss Expensive, large
velocity air
Turbine Water +0.15-0.5%, up Blades susceptible to
to 50:1 damage
Ultrasonic Water 0.25-2%, 100:1
Vortex Water +0.5-1.5%, 25:1
shedding
Pitot tube Air flow Minimum velocity | Inexpensive Can plug with dirt, limited
400 fpm in lowest velocity
Good at low velocities, .
Thermal . +20 fpm at Dirt can reduce
Air flow small sensor easy to
anemometer 100 fpm . . accuracy
insert into duct

1-54




eomEs0005028 Chapter-3 Sensors and Transducers

Rotating Hand-held Inexpenisve Not robust, large
Vane Air flow
Electromagnetic

The operating principle of an electromagnetic flow meter (8) is based on the fundamental
principle that an electromotive force (emf) of electric potential, E, is induced in a conductor of
length, L, which moves with a velocity, U, through a magnetic field of magnetic flux, B. Simply,
when an electrically conductive liquid moves through a magnetic field, a voltage is induced in the
liquid at a right angle to the field. The voltage is detected by metal electrode sensors with the
voltage magnitude and polarity directly proportional to the volume flow rate and the flow
direction, respectively. This physical behavior was first recorded by Michael Faraday (1791
1867). In principle,

E=UxB-L

where symbols in bold face are vector quantities.

The electromagnetic flow meter comes commercially as a packaged flow device, which is
installed directly in-line and connected to an external electronic output unit. Special designs
include an independent flow sensor unit that can clamp over a nonmagnetic pipe, a design
favored to monitor blood flow rate through major arteries during surgery. The sensor is
connected to a control unit bywiring. External sensors are also available as an in-line union,
which can measure flow rate in either direction with instantaneous changes (Figure 10.16).

The electromagnetic flow meter has a very low pressure loss associated with its use due to its
open tube, no obstruction design, and is suitable for installations that can tolerate only a small
pressure drop. It can be used for either steady or unsteady flow measurements, providing either
timeaveraged or instantaneous data in the latter. This absence of internal parts is very attractive
for metering corrosive and “dirty” fluids. The operating principle is independent of fluid density
and viscosity, responding only to average velocity, and there is no difficulty with measurements
in either laminar or turbulent flows, provided that the velocity profile is reasonably symmetrical.
Uncertainty down to 0.25% (95%) of the measured flow rate can be attained, although values
from 1% to 5% (95%) are more common for these meters in industrial settings. The fluid must
be conductive, but the minimum conductivity required depends on a particular meter’s design.
Fluids with values as low as 0.1 microsieman (msieman)/cm have been metered. Adding salts to
a fluid increases its conductivity.

Stray electronic noise is perhaps the most significant barrier in applying this type of meter.
Grounding close to the electrodes and increasing fluid conductivity reduce noise.
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.00 CALIBRATION METHODOLOGY
CALIBRATION
« It's the procedure for determining the correct value of the measurand by comparision
with the standard ones.
* The standard of device with which comparison is made is called a standard instrument.
+ The instrument which is unknown and is to be calibrated is called test instrument.
* In calibration test instrument is compared with the standard instrument.

DIRECT COMPARISON
+ METER CALIBRATION
*  GENERATOR CALIBRATION

+  TRANSDUCER CALIBRATION

INDIRECT COMPARISON
+ METER CALIBRATION
*  GENERATOR CALIBRATION
+  TRANSDUCER CALIBRATION
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Advantages Disadvanteages

» Direct Mass Measurement » High Purchase Price
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High Accuracy

High Installation Cost

Additional Density Measurement

Size Limitations

Uneffected By Flow Profile

Vibration Sensitive
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Chapter-4 Control Valves and Dampers

G0 Introduction

o)3208:03  Geoeecdgdiesond control system ood9el output 8338: 3200ERES
QOGINOEP0T GAYP? §2:00pS060060l058GepdI ofsresionE valve $E damper sa§jpza00s
:Qudmon:  ogiqudfglist  ©oppBaopd  mclgmesgpiogt  S:eolsg(flow)gp:  e[gplicddnd
0R05gI0daqPigé eedlgoozangd

Valve so§jpzoon: cgiqudfglisC sogudsaon: ageqiud[gls 030000 agubondiqtioopd sacpd
©0poddl Valve qpssé damper qp: 3oqudma00: Ggequdqs 320305 cLodeoR CWOCSigypiogt
8&8soqpeaopd  ogSroqCon(control  specialist)qpisé  ABEOE  eegiegiom  mfojonadgps
qoplo3opdn Valve sadpmeon: egegdaopd 3200603 control specialist o qpE3E B&epd
[g0e005c00:  BAE:mqegegudoepspSiubs(option)qpiad  §axc0pd  coeomedod 98¢
2303056000 adlung seesl zaedl gpai(basic terminology)gpsa? 9800: 20&a0pdN

G-0.0 Study Objective

HVAC system gpsogE control valve qp:aopd eqBseolig(hot water/cold water flow)od
control cpbq$ [9[G: control damper  gpoopd GrBisoCig(air flow)od control cpdeS
:e[gdoyean oBomgp: [glog00p0n ofsesiog od device qp: 6pb03a3 3a0pEREa0R0I O3
device g3 007393 6g:qudSqepda? eudlgaonioopdi

0)2298:03 6eo(Bies00d §SE00 valve safjpaonigpisC 32004 0(application)gp:o?

Zf\%or:é;sj c0feagpoopd Bseoliq(flow)od qes opdoopd valve gpod 220%dgqepdo? o0dgod§cE

Mixing valve $C diverting valve qp: 2acp6pbo(operation) hydromic system gpssaogod
control valve qps0? osdonoy egiquddr parallel blade damper $& opposed blade damper o3

Rlgregrsn:003 soscopSoocomedladbesi damper design gpselogpé v38og(leakage) [(96ed§EH03
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§2200p5 206omedlodessE 386q(leakage)od $p5:8Ca0q) sp5:eINnE[Gpdes ek 0303
eedlgoonzaopdi Mixing damper sagodseoniegegiodd((sizing)odo? eudlgaon:aogdi

G.J Two-Way Control Valve gp:

Fluid distribution system gp:og€ control valve 20pd sacems[oitedicon 32805323C:
(compoment)[g®aopbi 300uSefopEadeand process m20305 8336600 B:e0C:g8:(flow rate)
gflesnt  Bseos(regulate)eomalopé  [gdoopdn  Regulate  cpS[gE:doopSen  c3mabaopd
B:e08:553(flow rate) 3203E:qe308 valve 6l gEqepd 303105063 actuator woodsoé  control
c05[gC: [g520p5

HVAC system gp:cp€ control valve qpsoopd chilled water flow 1 hot water flow $&
condensor water flow 0303 c820c8 qeInt [gIpdeuidad ojseesiogt cudlgoosaopdi afeodd
steam 1 refrigerant | gases $& oil o3¢l control CYOGCROS5: opR8[eodLES: ozsediont

eeed[goonseon

G- J-0 Style and Principles of Operation
I@ Control valve gp:o3
PN

T (on) Two way
Control Valve — (o) Three way-mixing $&
(o) Three way-diverting opgj

Pump ads§rp(gpzoopdi
Mix?r;\éva\ve Three way mixing valve og& pipe
T $66qpE:0000 2008[gbG: 038305
[ oo 0086gpEir30905000503E 0nbs0t

. c0:2000

4@ Three way diverting valve o3¢ 305
_ b egplio 2008 [g6[G: 08305
— — $06qpCien 3003050050868

{ Call
Pump

é 3-Way Diverting Valve

c;) G-o Simple two-way and three-way valve circuits

ao2200001

Mixing valve 2005 steam $8903 cdlEsq) valve 0o0donde ogadognieoaodi Diverting valve
20p5 o€cmoopd steam o3 steam $69m[gd FogodSeoaopdi O(G-0)opE valve ad§pocd:el
F2006006003 GeHgoozoopd

Valve gp:2005 heating coil $& cooling coil 036l capacityod a3o0cd(gpsesanti sp5se30l)
[0e3:0E fluid B:g8s(flow rate)od modulate coSeosaopbi Two way configuration § 8:eolsq
(flow)aopd e[gpEicdegoopdn Three way valve qpsoopd Geoo8ssss(constant flow)gé centsoopd
IBiEcon(boiler [heating system]) $& chiller(cooling system)gpizacg05 co&eagdaogdi
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Control valve gp:205

(») Globe vavle

(9)  Butterfly valve $¢

(0)  Ball valve 00[g¢ Od(style) od:§js §oopdi

Globe valve gp:oopd $66AC:qPigre ©00Ce] L= §3503 F209S 3>0d:qpzo0pd Ball
valve gp:00pd 00938l 006emde RadigPIoM Wdlulgd 0%y cosjogo0pdn Valve diameter
$600050(50mm) coodcedaopd valve gpizacgod sweat (soldered) o3ewpod screw connection
[§6 20051 $6c00500005 [Beoopd valve gp:aaogab flanged connection qps [gBlo3oop5

(G- J)og¢ globe 3adjzma002 two-way single seated control valve o3 eodlgoonsaopdi Valve
body 1 single seat $¢ plug o3 Clo€oopdn Plug 205 steam $& §odsoadoonsoopdi Steam 20p5
actuator $& §odsoad0oz00pdi Actuator 2005 eedomzacudonieriond§jRot [gdoopdn Actuator
2Rt eedomeddec:  copdgelopE  steam 0pS  medafoocdlgln  eE5Be0lgt:s
[g0edl coaopdi Steam 32600005 2005858l plug o3 s§ooEeamnaeloé valve o3 gEeooobn Steam
6300580E:00p9924) plug 03 63300538 opSigeomaloE dodeoadi

Actuator

Linkage

Stem

T. IDESCRIPTION
HANDWHEEL

Compression

1
| 2 |yOKE SLEEVE
/| a8 |GLAND FLANGE
a 4
5

GLAND EYE BOLT

BONNET BOLT
) | & [BODY

) | 7 |BONNET

8 |BACK SEAT

) | ¢ [STEM

10 |DISC

11 |SEAT RING

{) G-J Two-way globe single-seated valve (fluid flow is left to right)

a0 8odcaopdzadl(full shut-off) plug o seat cdlog dgioonsoopdi Valve body $&
piping system § 30503 screwed: flangedi weldedi soldered 0o0pd $p5:0065054g¢ s00S00:
§E20p51 20a8[ggfeaqoden union ojadeom pipe fitting ood§EdEa? valve [godqSi [g§ondes
0gudmREogs 320305 copdaonzoCoopdi Valve ¢p:o0pd jammed [gbododeamelopé sacgubonmy
[go5981 [5€a§ $€ [g§copdSonbeoles Bmabo0pdi Control valve gp:ei body eolopé eeogn:
cobselopEsBionpdep(water flow direction)o? cedjgoonzaopbi 0obeoCo0pdsadl eqogniudielot:
B:00pbep (water flow direction)oS$&qS saeqg03:0000 Control valve gp:ei body eolog€ [gpegé
flow direction o3 eodlgaonseap§oopdi Control valve gp:o? isolation cpdes 20305 service

manual o3 eo5gao&oopdi

(G- J)og¢ globe valve 00696l normally open valve assembly o3 cod[goosoopdn Actuator
2005 0gj60den0demiyrdeomod(power loss)aopdsasl valve steam o [gEonodeoo0pdi o338l

valve 2005 o&agn:0000n Actuator ¢ power 03 [§0560200508050gIE valve 2005 &b Gdeao3E:
[g8e509€ Normally Open(NO) vpesl 205
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mp m

PUSH-DOWN-TO-CLOSE PUSH-DOWN-TO-OPEN
c2az8

out IN

9G-p(02)Normally Closed @ G-9(9) Push down to close .§§ @ G-G Double-seated two-

globe two-way valve Push down to Open way globe valve

O(G-p)20p5 Normally Closed(NO) valve oodgen $lgdaopbi agibodencdsm: qodeomd
(power loss)oopdsaal stem 20p5 336dlad GepodogncomelopE valve 20pd 3odesad6edi
;ofgmecs $O§ad0p8 valve 305qS 320305 steam 2005 flow direction & so&oyEeponado?
0353¢) 80deepdi Normally Open(NO) valve qp:od q§8EagEa0dqgjao&aopdi Power loss 2Be0pod
Power fail [g6ogn:0q€ open position [gdeseamaelo3pé 6605 s00500nde) B:eol{Geao3E: B:anls
650360p51 8o5c8agi€ manual valve o3 saaddg)g) 85§ Ea0pS

Actuator(modor) $& valve stem o3 §obsoo5con:0005 linkage opE free movement
:250:c05 §8Ea0pdi Slack wresl 20pdi Valve o3 flow direction 22038: o§mSg> 0o6s0E000gE
fluid & velocity pressure $& valve &l 3208$& 20905038§o0pd fluid ¢ differential pressure
030005 valve 68 gEq§320305 B2a600p5038:32:03 [30edl oaopdi ABelopé eudom(actuator)
2005 valve 80565608 00E{030gn (0p52005 free movement g o§esarE) Boonzqa0pdi 220005g)
valve o3 8:eolieg00050005(flow  direction)3203E: 0006083 6[gpEgd(¢20g8ig0) 0n6s0E
con:gi€ velocity pressure 2095 valve o3 8obgS(close) op&iemin? [gbeooopdi Valve & plug o}
32606 63200533 velocity pressure 00898t (G- j)ogE[goonzoopdn 03324 valve 20pS Soda0pd
eseponodadeepodesnt opSiglidqoopdl Valve @i stem $C linkage o3¢ §esoopd free
movement a30wr05 slack efopE velocity pressure sseomE:aopdsasdl plug o3 8c5o0pd
326[g226500 6eprde37E 098:8E200

B33 [963[Gkes005  Beeolsg(flow) o§eorpoopdsasl  velocity pressure  copSs
eqpPodaredad: free movement 2005 valve o3 03305 (crack)eooopdn 8:eosq (flow) [gScopd
[g8eclconoopdn  ofspbgé  =:[36edlE:  wequagnd8lesmt  [gbescB6epdi  B:eolig(flow)
0oo€[gded B oagn:03E: fluid & internal force 20p5 dodedlopd water hammer vpesl 2005

shock o3 [gbedleoaopdi aBmlg€ eppdadaBeopd: [gdedleooopdi Piping system o3copds
qo8:08E20051

odaelop¢ control valve o3 flow direction & 6[gpEg$ ©060E8qS 3o0Rs e300

0(G-G)og¢ balanced valve vpesl20pd double-seated valve o3¢ seat $89 A§oopSu Fluid
differential pressure p8qes[G: actuator 8obq$saog05 fluid differential pressure o so§oyC[Ge

p$:g$ ocdeon (030303 differential pressure o ooyl oR§dgt:§Eod single seated valve
qPspE 60og[gE8a00N) a8 so&oqCe) wopsiqeamelopE actuator 20pS sacgs soNES

ec\‘f)sgc‘Seou
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Gooicu5000d  actuator gpsod 200ddg§Coopdn a3eadd =acg§ ooliryGo0pd eandgE
8oboonigls§p vq§€eon Tight shut-off c[gd8€eon Leak [gdom g&s3a8 edigq [§B8Ea[g§oopd
Tight shut-off o[gdq) leak [g[gC:03 V50d8E0S HVAC system gpiogt oo3adeom valve
§j0? 3200gooEal

¢ G-§ Linear(V-Port) Valve Plug Q 9—@ Equal Percentage Valve Plug
Modulating globe 3a§jzza00: control valve gpsogé

(o) Linear(V-Port) Valve Plug $¢

(9) Equal Percentage Valve Plug 0pe] $6§jea3[gpzoopdi

Valve 000500600¢po0pd o $6§j:e modified cpboonzeamn 8&E:qpodcopds coodapd
[0390p51 Modified linear $& modified equal percentage o3 [gdoopdi o modified $6§jzo3en

characteristic 03¢ 0pa8[o300051 $(G-q)og€ flat plate plug o3 cwS[goonsoopdn Flat plate plug o3
two-position control qps§ valve [§§[g$ gEeoqs(Quick-opening duty)saoga5 saaddgjaopds

Stem
—

7222777777722 _om
7). Y

¢ G-q Quick-opening(Flat Plate) Valve Plug

100%
! Fast openi™d oo
Quick
open &Q’&
&
o
Z
[ 50%
. N
Linear ® &Q"’
&
& 4
Equal % NS %QQ.\
%@
% Lift 0%
0% 50% 100%

¢ G- Control Valve Characteristics
0(G-0)03¢ 000008 =[gE(plug lift) $E BsoCea30:0005 ep§E58:(%) 03 900H05HR3
eudlgoontoopdi Valve 6l 32085 32090561 pressure [§o:52:9)050 6e[gpCidup vpsogiod(assume)
cons00pdi Valve 20p5 3odes00pd 32§503¢E plug lift 2005 100% [g620p5 &(g-00)z0q) flat plate
plug 20p5 J0% @Ces2000205$(20% open) S full flow & 60% Bss0Cs00p51 BelopE flat plate
plug gp:o3 modulating cv6e$ wooeageon Two position control gpsaeoga500009:00E 2005
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Control valve qpsell characteristic o3 sn:copbooeomedlades valve qp: opdayad
8&&:006000200p51 valve gpz 05393 operate (o605 538600 function gps§oopd o3a3dl
eopeogqepdl  adepdesepst  oCengpoopd characteristic §oopd valve gpiod  oSonSed
6g:g|050009q$ 2266¢03:00001 O(G-R)oge gEsuCigudnrnotd puwdlgE cudgoonzaopd

% Heat Transfer
% Flow
Heat Transfer

% Flow % Lift/Controller Output % Control Output

("3 GE Combination of Coil and Control Valve Characteristics

100 S

[—
/
%0 Quick Openi
e oPenng N Ball Valve / /
Plu
) | / /
70
Linear Plug / /
60 "y
50
/ %__ Butterfly Valve
40

|/ \

PERCENT OF FULL FLOW AT
CONSTANT PRESSURE DROP

Equal Percentage
Plug
10 s
0 1
0 10 20 30 40 50 60 70 80 90 100

PERCENT OF FULL STROKE
c;) G-o0 Typical valve characteristics at constant pressure drop

&(G-00)og€ linear plug g€ % of plug lift $& % of flow o3o0pd qselgpeacdEs(linearly)
20050300g|05§eomae(oE linear characteristic §oopdi Equal percentage plug o3¢ plug lift g&gs:
$C B:58s(flow rate)oopd cobo3&s(exponential)gé sood0deso0pdi codspdizmndytadeadd valve
2005 80591890 38§55 B:e0Es00p50wan GPplicdy 3a500:c0d [4bg§ valve @i plug o oeon
qPegp 6g,60:q20p01 Valve 030598 2o80p¢E flow 20p5 cqiElgen ogeo:00pbn Minimum flow
20p5 valve 030598 3280530085 plug $E& seat vodel :EES [gbecloopdn Valve s2085E
320905 83:0yje08sq(pressure drop)orndo0pd 328053 §oopd minimum rate $¢ maximum rate
:§p03 rangeability 9360305 turn-down ratio op esl 005
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Rangeability

Maximum Flow

R bility =
angeabtitty Minimum Controllable Flow

HVAC system qpzog€ 32034go0pd control valve gpseil rangeability el sa§j:0005 (o) ¢
(o) 220384gda0pdi eqBamsalopt 035:c305¢) plug wrog:a0pdeaslogE 5% flow [gdedl §Ea00
a3 5% flow [gbedl coodcopds HVAC Control qpseomntsgd 3200600620051 dqp:aopd sa§s(ratio)
§oopd valve gpio3 g§8Eea0500p5: 3acSegiEadaopd

$(G-00)ogE butterfly valve o3 eodjgoonsoopdn Valve body 32038:03E 228&:00q0
F[grs(round disk)o? cppSeoglidyé Bseol:q(flow)od modulate cw6§Ea0051 Beo0d Bogeomn
B:e08sq(flow)qgs 83260005 3al§jop€ Buwncd modulating duty qpogE s2add{ges ofgdSEaon
Butterfly valve gpzo3 shut off cpde$ 1 eqpBgeaantadSiqs (balancing cpd§) 1 two position $&
three way control qps320305 3203{q8Ea0pSn Butterfly valve gp:ei characteristic 2095 equal
percentage $& linear plug characteristic sa{o3p:03E§00p5 characteristic §jgg®a05n

0(G-00)ag€ [goomoopd ball valve 2005 linear characteristic o393gipoopdi wopodeom
application qpsea0g05 wopodeom :eoligdd(flow characteristic) §oopd valve gz 8262051

0(G-0) $¢ (G-09)3 [goomsaopd ball valve op¢ maedlodedlodooneonn ball 20p5 valve body
2R&ipe cppdgeesnt [gepd con:oopdi Ball valve gp:od Sodsagudseon: $6c00500005
codaopl pipe system gpiog€ 3obe§i gCeS(shut-off) 320305$E balancing valve o[g6
F200ggoopdi wo93slogE  automatic  control gpiog€  onEZBGIe[3o0pdl  Reheat  coil

03336000 6o0xc0da0pd coil gp:apt 3aa9dgi00pd!

i

° Body ——  ——

Packing gland i Ste

m
Packing Thrustwasher

Seat ring H

"~— Body end
piece

Ball
¢ G-0o Butterfly Valve ¢ G-o Ball Valve Layout
Ball valve gp:ogE plug odloCeomaelops Bseolsq(flow)gpsaopd esepgpsogt 220:

olgjeoaln Ball valve 20p5 g&esa0p038] 9d3a:(resistance) o§ooecmod $o5:dkoopdi Belopé
3ob3agudme0m:0005 codaopd valve gpiod  3203q8o0p3esl  control  [gopdepogE  stable
o[gb8Ea0n &(G-0p)opE [qoorzaopd Ball valve 2005 characterized plug §oopd valve 0393 [gjeoopd
characteristic §eooaelopé 35§),6000 HVAC control application gp:ogC 32034g8Eo0p5 Standard
ball valve $¢ characterized plug ball valve 035§o0p5 flow characteristic 0303 wpda3q)
Ged{goonzoopd
Actuator [g& 03¢) 02690E(B: 32004 8E20RS valve sagjpaon: o)z

(on) Globe valve

(9) Butterfly valve $&

(0) Ball valve o3[gdoopS
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End view of the ball within the valve at different

stages of rotation
Stem seals Valve Walve Wahve
tem fully open Y4 apen fully closed

)

Fluid passes
fraely through
the arifice

@ G-op Characterized ball valve
Globe valve actuator 2005 &(G-0§))0g€ [goom:o0pd 2203E: steam o3 820005682305
@g,0qp: co20pdi Ball valve $& Butterfly valve qp:eil actuator gpsoogd valve steam o3 copdeos(Ge
(rotate) gCeor 305600051 O(G-06)0gE [goonzaopdi Two way valve gps§ Three way valve
qP:c00d GeomEioopd Sagodqpign§oopdn Two way valve gp:oopd three way valve gp:cood
eqeedloopdi 93ea0d two way valve § [gdedleom Bsasogeolsg Sqpsoopdn Two way valve

qpoopd variable flow o3 [gdedleocomelopé pumping energy o3 eagpgi8€aopbi Pump o3
variable speed drive(VSD) [§¢ ewa€:wao pumping energy o 2803000000 aagpg§Eaopdi

Operation ©cpdesa0pd coil gp:3a03C:d Gagpido voleepodesant two way valve o3
sgo?Elgj 80308(‘83(13%8@&7)0@)(5 c°3(73qp:038 3080:q:a(heat |05$)9|§8@3:38 m%)os %(Q,:Déu
Pumping energy o3copds agom8EoopSi Centralized HVAC system gp:op€ cooling coil $& heating
coil ol control valve position 205 load eologEeonode o3gp:oopdi Pump saguSsoen:
egeqiud(sizing)oopdeadlsE distribution system qp: sagudssoniegegjod(sizing)oopdseslogE load
diversity factor o3 326[gé 60p§oopdn ddelopE 0gEd:d: sanpseacyspdiapd

Q

Standard
ball curve

Characterized
ball curve

‘? G-oG Ball Valve

Two way valve 2005 load 832010532 208eagdaogd chilled water a3ewrod hot wate
0eNo30m coil 3209E:08 Bi08gCaeusaopdi defopE two way valve gp:oopd Normal operation
2§503¢ 3o083609p0d self balancing [gbe$a0p0n Three way valve gpzaopd coil 2098086005
copdieomE:s by pass [§6g) GoodcopdieomnEs Bseolsaznizaodoopd: pump flow rate velgpticdeol

Two way valve qpz§ so0:500:q05qpe§oopdi Chiller g boiler gpzoopd 2005005
00230000 :e08sg(flow)cood Jgpzdlon adewpod 8so5:dlon deseomsgd o006 wapd8E[ojeon
Two way valve gpesepopl three way valve qpisC =000:03:32004g[9€gc oBlgocoson’
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cgqE:8Ea0p5n Three way valve qpzod 23egEg¢ coil 338 eqotoopdlgbeo wofaopdlgbee chiller
$C boiler gpopl B:eoligSs(flow rate)oopd we[pl:cdeor Two way valve gpodcopds
:2054g§Eo0pdn 9Beocd boiler $& chiller gp:opE Bseosgss(flow rate) Gos&§eoqs by pass 305
a3ewnod decoupler SoSqp:ad oobeoCooniqoopdi Primary pumping $& secondary pumping
cpeiopd: 3834 320G Eaophn

Hydronic system piping qps3ac[ogpE:od safgpienspdypiopt 0odg8Eoopdn Two way valve
qp: 006eo€apaddggEselopé control valve o 220EsE 3209050005§ differential pressure o3
Sqpeooopdi saapsoolgé pump gpod constant speed [§& Gerinqi€ Sealgbgpioopbn oBad
differential pressure gpsconfgselopE system @i controllability pdqEsagniqoopdn ced3:(water

pressure) gpsonfglielopé valve gp:oopd eqEdyé op$igCgl: dlogqoopdn dBegeniod
eP§Eqs sme0mE:00d actuator 06s0Eo:gs 833620051

Piping system ogE by pass 305006e0€[gE: Bewpcd pump gpd VSD oo6s08q

eenlfgls oYgC two way valve gp:od 03] saadigegiE gdseaCaegiom(energy saving)$Eo0di
32088:3¢ nbeole mSoyodod Jqpieacdropds cun:§§o3E:S energy saving [gdeseamelops

c‘{)ﬁ saoﬁ’ll:qjos$ﬁooéll

,’/ "‘!\

=\
(s

G.G Three way control valve qp:

0(G-0)g8 [goonsaopd 22038: three way valve gpzoopd coil 320p8:08 ofeepadopd
eqoean(flow)od c320cd elgpEicdeocaddaopbs system flow 32659 [3000q€ e[gpEcdgedeon
0(G-0Q)op€ Mixing three way valve $& diverting three way valve 0303 8&:005 esb[gaonzoopdi
Mixing valve § o8cxnoopd eesdbE(two incoming steam) o300pd valve m2038:5 colC:0p5ed:
outgoing steam sa[gd ogoSognsoopdi Diverting valve 20p5 mixing valve & a[gpEigs [g6o0p5
Diverting valve § cq8sco3pE:00069000 0€anGies00d 5693390 §¢j ogodagnsoopdi Mixing valve
o3& 320905 port 03 common port (100% flow) vresl[Ge diverting valve o3& 3208 port o3
common port(100% flow) opesl aopSi $(g-00)o€ mixing valve § bottom port o3 Normally Open
to common port 200590520051 Valve steam [g€onodes$00pd 3§$S valve el common port 2005

@Ces00001

a3 port 63 Normally open(NO)op 200500520051 936005 00dslondq Bottom Port(B) vp
copb: eeleBo00500500p01 safgp: port o3 Normally Closed(NC) op 9005905 @8l aBo05i
0066l00845 upper port (826c3632096p A 9360205 V) [§6 2005005 @8l aBooobi Common out o3

COM 2800905 OUT oaopdlgé snepbeuieapdoopdn Diverting valve o3copds ao3ad§jpo
§26p0000600 §o0pdi O(G-op)oge diverting valve 6 common port o3 ee5{goonsoopd
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2§),600 valve cpodapbopgps(manufacturer)aopd 682005005038 common port cosg)
[g1c96[e300p51 6qEoRd @E305e05 bottom port © 0Eamn(G: poocdeonsE cS05EI030
ogodagn:oopdi Three way valve gpsd plug qp:od copds water hammer [g[gCs omop0des
005 two way valve qpsa3ad eqrodselogpEs(flow)o? valve seat 6320050 [godogaesnt [gepd
congo300p0n Mixing valve ¢ diverting valve $8§zcd:03¢ [giap&aondgs [go0pdn BefopE valve
body G0l 0g€ ewdjgoonsonpd flow direction 2203Eigbeen dodgp:ad oobeoaonqepdi

Mixing valve gp:o} diverting valve 3203qqqepd esepopl sa0m:adq 0% ges ©[gdSEA

o307 diverting valve gqpso? mixing valve 3200dgqepdesepogt elgptiadig eqeon Mixing
valve qp2oopd diverting valve gpscocd 3¢) 6qEa00500060006[03pE 3a09Saa5gP:a0dN

Mixing Configuration Diverting Configuration

% Flow % 100% Flow % Flow % Flow

% FIOWG 100% Flow G

¢ G-0q Mixing Valve Configurations Diverting Valve Configurations

320005¢] three way valve o3 saadgg$ c33260qi€ mixing valve gp: 006s08 3034
20&20001 036005 00dslondd) diverting valve o3 olgbocs 2d:qepd Ieefgzacsds [03eoz$E200
Mixing valve gp:od od:qoopd sacloplien two way valve gpo? coil ol return side 500
ondeo€eamaelopé [gdoopSn Return side § oodsofaonieomn two way o3 three way valve [g&
e[pE:0badaq€ mixing valve [gEa00 006e0E§E2005 Supply side § two way valve o3 diverting
valve g€ o[gpE:cd 006088E2005n Two way valve o3 supply side 0g€ oobso€aopSgdeer return
side 03¢ onbeo€o0pd[gbeo apbesmty function saq ©pSalg| sae(pE:cdao

Two way valve o3 coil & return side 03¢ onbsooondlen 3q) efficient [g6[Gs
ecodaopdeadl positive air venting (¢ coil return header ¢ 0005068005

NG. | ouT

¢ G-oe Three-way Mixing Valve @ G-o@ Three-way Diverting Valve
(G- Jo)og€ three way mixing valve oobeo€ooms) "6 3a[gdewdlgaon:oogdn Valve & port
qPeod 0pd38 $00pS G0:a00:000508 20o3[gicl Besnnd control schematic dgpzodcopd: 3505
2038:0305¢) §00p5 Gosdh Valve gpzod copds flow direction 3303E: ©$$g> 006e0Eal a3wamn
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controller ¢ Gozoopd output signal 3203E: valve qpzaopd control action 03 codeaEGLERdI

O(G-Jo)ogE valve 205 coil 03 [godagnsaopd flow 03E:320305 Normally Closed(NC)
[§820p51 220000q) coil oB[godBsogaeaond line § Normally open(coil o3[god8:a0:0005 line 9)
3203§oqC three way valve ¢ common port 60052005 0$305 $6eqpt:a? elgplsq) 0obs0E
c0:8E20001 oBea0d three way mixing valve § Normally Open(NO) port 20p5 2200500593
gCeseom port [gdoopdi AelopE O(g- o) o€ [goomoopd schematic 3203E: [g68GwpS

(G- Jo)og€ coil by pass line § balancing codso€aon:200503 cog8&aopdi Balancing valve
20pS control system 0gE Jo€aopd port odeupod 228053338: wupodeun odeadd water
distribution p8geoq§300305 balancing valve gp: 006s08q§ B=60001 0o&Sloode)  coil
Baansogeolsg(pressure drop) 3a0@8s00:00p9324] balancing valve gp:o? 006e0es ocaopd
mefgmesd [pjeopfC0pdi Balancing valve il 8smiogeolig(pressure drop)oopd coil @l
pressure drop $& 030508 (match)g§ c8aopSi Three way valve 2005 by pass position [gdes§§ope

8:e08:000) flow $E coil 22038203 100% B:e08:a0pd flow 030005 0980830k [§Bdd0di

Balancing valve oobso€aonigliedclon supply to return diffenential pressure opd
3209555:0m short-circuit [g58E20051 033241 sagpiean coil gpiogt egradea0530d [Gooose
[0 8E 2005 sa09200[gC higher differential pressure §oopd coil gpiogt equadeandy 34
[§88E20051 Two way valve gp:og€ §oop) linear $& equal percentage plug gpsadcopds three way
valve gp:ogé  §$Ca0pbi  o8eo0d  valve  cpodopbongpimanicdion  $8§adied  valve
gudmoons(size)§gd 0005pd[c86epd wupddeon Port od9op linear fashion [g& operate
00 safepseom port 00d90zE equal percentage fashion [g& operate co62005 three way valve
§jod cozq$ c[gdSEeol

qPadie0Rq0pd three way valve sadeoonien equal percentage plug [9¢
[gleo60026000 diverting valve qpsgda05i

(-3-@&% Plug style egeqoSo0d 50053E:038
~Return ¢ NC Gedgoonzoopli Constant flow o8 220382005

Balancing; NO :elopd three way valve o3 egegjodfogoopdi
Valve N a3eo0d cwodeoy el =06503C ©p520d

-Supply » Normaly Glosed to G - plug style o3 egegudoopd [gdeo constant

Coil_ flow o3 q§q§ ©[g68Eecon Balancing valve

[ 3-Way Valve @[P0$ GDO?ELG_j GGlODp_S coil O?DQ?) 100%

Return NC agn:0000[gbeor by pass line ¢ a30:0005 [gbeo
CINO | —— oppB8aopd water flow [g6c0q$ [giopdeaopdi

Salano \ Valve 2005 Bsoclg m:06s $O§Eoc3e)

aVZTféng — R oI$2009 :§Sqps3 linear plug A§oopd valve

Supply » | o3 o%q€ flow gpsoon c8Gwpdi  Equal

Normally-Open to Coil 2 N
ormally-Open to Col X_co Percentage plug o3 o%qC flow $p0sog:
a8&updi

c'} 9-Jo Typical three-way mixing valve arrangements
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Valve qp20? egeqjod[gEs(selection) $¢ sizing o[giepSeC modulating valve gpseil behavioral
characteristic gp:03 §2:0000 c0GoMEl0S00qs 832600051 Modulating control valve qps§
“Rangeability factor” vpesloopd operating characteristic §oopdn Control valve gpseil rangeability
factor a3o0pS¢> maximum flow o3 minimum controllable $& o©d:c00dg8: [gdoopdn B
characteristic 20p5 constant differential pressure sac[gzecs§igé 06:00608:03€ 03&:0m coofgCs
[§&2005

Valve oobg9el rangeability factor 10:1 o300p5en valve o0dponpbigé 08690 flow
(minimum flow) 10% qes0& cv68EgS: §oopbupadaaopdi

G.§ Valve 32§j:3000: ogeqod[gt: $& 32qubsnon: egeqiudfgt:
Control valve 6g:quSepag€ 6320054 sagedgpied gonpbaopd

() Control cpS[gEsdaep) fluid
o)2298:03¢ control cod[gE:dqepd fluid o> eq(water) [g920p5n Glycol solution $& Brine
solution o3o3e000 water solution gp:$& special heat transfer fluid gpso3 control ceSa8dlon
density $& visocity 0303 c305¢) 20&aagoopd correction gp: [gepSes c8o0pbn Special fluid
qpsel information gp:oB 000dcpdop (manufacturer) gp:de q§§E0pd Brine 320305
information qp:od handbook o3¢ q§8Co0pSH Steam valve 3a§p3a00: Ggegod[gtiss
320530002 6g:q[05[gE:a303 c0adrRgRzel catalog qp:aE QS Eaopd

(®) Maximum fluid temperature
Fluid temperature 2005 packing sa§jgsaon: $& valve body 1 body trim $& shut-off disk
qpeopd  aodigoonaop  cogroged:  sa§meonigpimacd]  2aofEooodeepody  §oopd
0005cpboagp: Zaadigioon:oopd  standart material 9000 oGS 250°F o3 comEsgo
58Eqp5§oopdn A 250°F 320§§20pS HVAC heating system gp:ogé §eoon malgads
2050005 qpsg> dqpzaopdi

(0) Maximum inlet pressure
Valve body selection 205 maximum inlet pressure cologE @onobaopbi sacg§[géoopd
3:j2a69000533:(high-rise building)qps§) 866000 32006¢Ps(32008 J03203)5 §eoon valve
inlet pressure 20p5 qpsecoopdi Static head elo3¢ inlet pressure qpsgE: [gda0p5 Valve
body gp:03 ANSI Class 125 $& ANSI 150 03¢) 22a0¢ $0§js§oopdn Class qp:oopd =a[gCed:
temperature 5§ normial pressure o3 PSIG [g€ eubgoontoopdi condeogmeefgsaesogt
HVAC system g5 §eom valve gpzell 98Eqp50005 nominal pressure cood dqpzaodi
Actual operating condition qpssacg05 valve body rating gp:o? valve coc5coGoagp:el
catalog qpso? oBsomo0oopdi Valve adto 305a18: =oq$S [g8edleomn close-off pressure
20pd 3a[gCeds differential pressure [gdooobn Valve 805833005 o pressure o3
cogpagnigs cBoopdi o pressure o coypagaq$ actuator 2005 3eoEQS 3200
Valve style 20p5c0p5: $8Eqp5§ qepdi Valve 0069038 [gdedlepd differential pressure o
0§08:q5 905300001 System oodcdsel 8&E:edl o€ Gonpboopdi

(o) Maximum fluid flow :
HVAC load calculation $& coil 1 heat exchanger o3& characteristic 03¢ design maximum

8:008:58:(flow rate) g§oopdu
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(c) ValveStyle:  Three way diverting 1 Three way mixing $& Two-way o3[gdoopdi
(®) Control Mode:
Modulating control mode o300 two-position control mode o3[g62005n Control mode
20p0 valve =a§jmoonsé valve plug 3a§pmeon:0d 360 @oopboopdi Modulating
application sa6{o3pE:od 326005805 §Eigoon:aopdi Standard globe valve sa§jgeaon: (flat
plug A§oopd) o3 two position duty 320305 32034g 80051 oBeo0d Globe valve gpzaopd
fully open s>§§c€ Bzaiogeolsg(pressure drop) sacgSqpseomelopE two position
2DRod  Poofecgpedecnodeor  Globe valve 20p5 8sasoyeolsg(pressure  drop)
qP2eo05copd: modulating control 220305 2a60E:ed: [gdoopdn Jodaagudmeen: $6c00dL
0005 codaqié motorized ball valve 20p5 Ssasoqeolsqg(pressure drop) =acg$spS: G
0520005000009 egegudosp option cod9lgdaopdI $6CLNBe0005 J[oFkapd Sodyqp:d
two position control 3395 32294gjaqi€ butterfly valve gp:o3 ad:q§ 20&eagdaopdi
0deopéadeadd globe valve cood Bsanoqeolig(pressure drop) 35543 egiErods
3200500000051 Modulating flow characteristic 03 3203§agi€ plug so§jse02:03 0gdode] egeqiud
20&00p51 000dpbangp: sascd:o0pd plug type §pdod [grpd8Egd: ofeon Belopé designer
qPzoopS 0000Ig§8E05 plug type gpiodomn egigudooaopdi Modulating application gqpsogE
200qgoopd valve qps full flow 2o§$5 [§dedloogd design Bsansogeosg(pressure drop)aod
valve &1 sagudsoons(size) adlopé ©oopdoopdi Control cpdgiCoopd =203¢: valve 20p5 wdy|

eomEsgd 3200600660:20p50300pd: Gw5gooRdi

S R Control
Valve
Main _: f ><]

~ ]

Coll

D‘f} Isolating Valve
¢ G- o Coil subsystem

Modulating application 320305 turn-down ratio 2005 valve eg:quSepage copdopiongs
286ecdzadeon 0odepbonypiaaadion HVAC application gp:ogE con598Ea005 turn-down ratio
§oopd valve gpi03000 00odapSjog0005n Special application gp: [gapdadagiC valve cocderboag:
$C 03EuE(consult)oo&oopdn

Valve selection [gjopbepogC saeepan(oiiad:eon parameter od:9en
(o) Desired flow characteristic
(J) Desired pressure drop

() Close-off rating o3[gdaopdi o3 2d:q[0503 652058E:03E 326002805 §Edgaon:a0di
G.§.0 Valve sogudssonegiqud[at: (Sizing)

Modulating applicating gpso€ 3203gepd valve size aopd system behavior sacdl
F0JE000566padg §oopdi Gain vedaNaBropd: eddgodeoeomaelopE control system i function

$C 0066800E8EQ:03 a[gp:rdeoo0di
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coCgpiean 3qI0Ho009ed c8336200500058(0Bs00pd valve 2005 flow o comEsgn
control cp68Eg&iegeol powdsEgE 6qEERAR GrVEEONE 253006 GaOS GCLNE0PIGS
2095005000393 [§daopd

c82a60p500056a0icado0pd valve 2005 system Bsanioqeolsg(pressure  drop)o?
0RSqpieocopdl delopé GoFienoopd pump o oobsoleepdi Operating cost copds
:20Sqp: 360pdi Valve 329053000 6geqiudo0pd3adl 03905 $6910503 gonesant 20 o3[g|
egeqiod 2080

Valve size ogegodoopdsasl fully open socfgmacsopl [goedloopd Bsan: ojeolg
(pressure drop)o3copds 26[gdaepdi epboopd smsogeolsg(pressure drop) vedano? seaddg|
qopda3a0pd =aa{ges o§dl

Control expert gp:s¢ manufacturer qpzoopd sa§jE§jEe0x colgEqod(opinion)gp:sE rule-
of-thumb gps [gGoon egegdes(oyal: (962051 cBogesmmEaod valve size $& cvadd §E0pd
Baanzogeosg(pressure drop) owdan 220305 [GE:9eqps 206000 woRndagp: §eaodaopds
stable control gg$s20305 egegdoon:eax valve & Bsasogolg(pressure drop)aopd overall
system ood9cd:eil Bzanzogeosg(pressure drop)sé $E:0000qE welgpueaa50pd vedan g

[g©20&2005

Valve design 8sa:oqeolsg(pressure  drop)od  0305q$5p5:0069¢0  coil(subsystem)
o0boel Bsmioyeotsg(pressure drop)o? sac(gde] ofo:d: [daopd

Air Handling Unit 008903 sub system 006930[gd O(G- jo)ogE  ewdlgaonzaodi
c00de0p¢ supply $C return $69o3x: differential pressure available 20pS e[gpE:cdesea0d
oa[gpeicd(constant)op  osontepS [g6o0pdn Cooling coil 00696l GwS(typical) Bsmiogeotg
(pressure drop)en 3psi(6.5ft wg) [9620pbn Coil &l 3208305$¢ 320905305 oBop€ 0nbeE
co2:2005 elbow g isolation valve qpsi reducer gps 036l piping loss ¢ 4psi(8.7 ft wg) [g&2051
aBelopE supply pipe $E return pipe $69saloppirl §aepd available dsaogeolig(pressure
drop)en 3+4=7 psi(15.2 ft wg) coodgpiqepdi

on6s08gmeogaaod(installation  experience)s&  ©8:000g/05qps(experiment)  qpzsaq)
control valve com&ign 22006005gS 320305 [§820E0005 Bamiageolg(pressure drop)en coil §

full flow [g6e50005 20503 coil $& pipe system § 8zan:ogeolsg(pressure drop)eeediCel 50%
© 100% o&000[gdo0&o0pdn

[grse000500:0089¢0 control valve &l dzansogieosqg(pressure drop)en total subsystem
Baansoyeolsg(pressure drop)eil 30% ¢ 50% [gdo0Coopdn 0odspdiamnige a3qeadd ospdiyt
Bzanzogeosg(pressure drop) 2psi © 3psi 32038 00598E20507 vRsoaEgEdgdoopdi

Pump & power $o0:coqSsé @o:aCodige(energy consumption) caqpspb:cogd
20905 88&:328qIC-0ogp:00pd control valve ¢l 3sansoyjeolsq(pressure drop)o3 2 psi cood

$5:633¢8 aggdeny§oopd
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0066lod§] subsystem codoqiE:8eil Bsansoqeolsq(pressure drop)od ogabopqs 950598
o[gb8Caon Sub system codeell =a0 point $& 280 point o303 gEsutagn BEgrraocdecdefcopds
o[gb8Eaoi

adelopé  2o090donmpq§§tacpd rule of thumb gpsod 3203dqe) control valve &l
Baanzogeolsg(pressure drop)o? 20056¢05[0300p51 2psi @ 4psi 2203E: 20&engda0pd 00835006903
egeqioS[o300p51 Rule of thumb gpsoogd typical HVAC application gqp:ogE sasolelygn 32034
§Ea0p5

Globe control valve agodseen: egegdspd: 6s0050004jken valve size o3 pipe size
0005 ondeogcudoopd 2agudmentod egeqiud[ges [gdoopdi Rule of thumb gpsoopd butterfly
valve $¢ ball valve qps320305 oS0l :2ad:0[ga)

Designer o3 c8o5¢] pipe 8agud320: 6giqudspdigpign dR[grseomelopé flow coefficient
c0pbs P[gpraqpeg> §oopSi BelopE 0odelond§ rule of thumb gp:aopS eogsdguSecomEeom
qoooSgpsa? [gbeoa0pdi 34,600 oversized valve gpzod PID control loop o3 eomgo tune
c00[Ge AB:q) control cv68E2001

qPeeoo3dgC oversized valve gp:od 0pSoopd control algorithm ong) eo8 §€col
Gaeggadcdadad (:ade eqgp:od ssolaelgelgoopdes ©pdoopd control algorithm oog
[g109660:8EB866p5 wupodeor

Oversized valve gpsoopd 2og$03E: c8cd Bodeso0pd maefgsacsjrogtorn fescdbedi
854lE: sncfgmacsigdbeseomn valve o eaqpoopd turbulence flow [g& S:eoeseomaeot
e90525 agodedl cangEaopbi Valve seat qpscopds 32§§603E3 ¢od8:og0:§Eaopdi

Control valve &l design 3sa:ogeolsg(pressure drop)ad eddgod[Giesood valve flow
coefficient(C,) o3 saaddgg] valve selection 03 00oE[go6§E20p5n Valve flow coefficient(C,) 205
valve obodoged(wide-open) ¢Eesoopd=e§§S 1GPM flow B:0l:q§mooped valve 3z
oyeoCsq(pressure  drop) psi o [gdedlcooopdn 20gpsoifgE emM0dAl P8qgl:  3203¢:
e6H[g$Ea0p51 Q 20p5 GPM [3€ eedlgoonsonpd BssolgSs(flow rate) [gdaopdi

S .
c,=Q AP (Equation 4-1)

S 20p5 fluid & specific gravity [§&o0p5n Specific gravity 83a0p5¢0 60°F 32088038 §oopd
fluid density $& cqoo§(pure wate) o3el 3a§gd20001 200 °F cond spdsoopdeaen specific gravity
@ 1.0 8:kgdo0pbn AP 2005 psi [gE codlgoon:aopd valve ol Bsaniogeolsg (pressure drop)

5600551

valve oodgei valve coefficient (C,) 20p5 valve size 1 valve body 8&E:s& plug o3
el o3¢ gonpSeomejoypE manufacturer gpsel catalog gp:o3 oBsom:00&00001

pown - coil 0069 (0305 cBzpbeom design S:eol:s8:(flow rate) ¢> 30 GPM [gdaopdi Valve 6l

Design 8ga:gjeolsq(pressure drop)o? 2 psi 0005 05568308 [gjapd c8aopb
30GPM $¢ 2 psio 6330053 G005 (formula)o? od:6) flow coefficient o3 0go50p8E2005
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c, = 30 \/% (Equation 4-2)
=21.1

Small globe control valve sagudsronisé 2005a38a0pd flow coefficient( C,) 00§3:03
eedlgoonzaopdi AB(C,) 0088sqp:aopd manufacturer o3 a30dq) aR[gesaopdi Valve style $& size
RlgPeagi€(C,) 0088 oB[gps00di (C,) 00§82 21.2 205 valve size 1% $C 15 2038 oqieqpado0di
Bsansoyeolsg(pressure drop) o0§8: sacBmeoyod 9BqS PBq[g:(Equation G-p)od 3203dqq)
0305098E20201

Q Z
AP = (—) (Equation 4-3)
Cy
Representative Valves of Cv for Small Control Valves
Normal — Pipe Size Cv
>
E7 6
1 10
1
Z 16
4
Z 25
! 2
2 40

Table 4-xx Representative Values of Cv for Small Control Valves
1% Valve 20005  dsmsogeolsg(pressure  drop)oopd 3.5 psi(7.6  ft)  [g6o0p5
1% Valve 320305 8ga:oqjeolsq(pressure drop)oopd 1.5 psi(3.3 ft) [g5205

Valve soguS3a00:(size) [p3aoneco 8smsogjeolsq(pressure drop)sobiaoneco [goopSi
ValvesaguSsaons(size)a332600p50005 J[o3amnaeco control apd8EgS: agjeoseco [go0di

1§ Valve &l 8sm:03j908:g(pressure drop)ed sa0g$6p0:0005n
Branch 8santoqeosqg(pressure drop)oopd 30% co0d §pdsoopdi o 30% oBop¢ valve 3sz:
ojeoCsq(pressure drop) oSlodlm

adelopé 1% valve 2005 com&sgy control cp68EB8gepd wupodeun Pump 2005 control
valve gpseil 3smsoqeolsq(pressure drop) 2.0 psi 03 2a6[gde) size cv600gE{gd2001 1% Valve
o3 egegdaqit Bsmsoyeolsg(pressure drop)aopd 3.5psi [gbeomelopE eomign control
0068E0d[gbeoodcopds pump 08332 waderonmd§Ee0N Valve size a0pdoopds 1% $C 1%030
€051 RBelopE  design  gproopd  OqodgOdges 3RS0l GudRuEyE
o3306[ga0es§poge  2agudmaons(size) Goocodaop) valve o3om egequdoopdi Sao00delop
a86005 pump head 20p5 circuit 00d9adi03E gaiogeotsg(pressure drop) sagp:edseodn control
valve 356 038 @onpSoopSi

Valve gps 320:00:03E pump $E 308sed:600 valve qpoopd available pressure differential
gpads 0300001 Pump $& 38:ad: osepgpi sagudcuboopd valve gps(under  size)od
egeg|odoon: Gamaeloppé pump selection $E& pump energy 23:8¢03 vad8odecodCao
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Hondelopéadeadd coil gpel design load o3 eepode§ SvodeomelopE valve
qP200p5c0pbs 10% ¢ 50% =20pE:000 gEeseap§oopdi

Valve $& 00500050009 ¢0dom:qs sag0dwn valve 5 design sansogjeolsq(pressure
drop)gpsqé o3 valve 20pd eomCsgo flow control cpd8Eoopdi Two way valve qpegC
006908200 variable flow system oE pump speed cologE woopde) differential pressure across
the valve gpsconoopdi oBsconoopdn soonioo[gé B:solsgfe(flow rate) $obigi€ valve 205
200> F[ops§ Bzam:ogeosq(differential pressure drop) qpsconoopdn od3a§§opE valve aopd
3¢ Bsmzgeolag(pressure drop)o?d [gdeocomaelopE valve qp:ad over size [g6esant cvboon:
200303 (9665205

Flow control 3eom&ig&esnt cvd8E[glelomps g&:3aC 03:8¢ 2005000 cooopd Energy
efficient 3[gdaopSn Oversized valve 06s0EcogEaoqpé 332600050005 Ge3:0005 supply air
o3 [gbeo0pdi adelo3pé reheat coil o3 32034gq$ B ABeaba0p50005 Jegateomnaelop
g&:3a€ancomonn [§620pn Reheat coil o3 0cd3263 saadiggecomelops gbead|goBiep
eepod20pdi Valve 8za:ogeosq(pressure drop)ad $05:e3nt [giopdfgEselopE pumping energy
oBcopd: GgIom&Ea0di

Cooling Coil ogE oversized valve oobsofoosfgselopE coil 3203C:03E higher flow
[§8edl[B: coil © 0goda005 leaving water temperature 205 8800500220009 temperature cood
38620051 aBelopE chilled water differential temperature 38&conoopdn Lower delta T alogp
chilled water plant efficiency s3:3koopSu Oversized control valve 20p5 system load a3w0pdb load
indicator o 32c[gdq) supply water temperature o3 reset cpboopd el§poRrE Focps
aoeagpoopdi o3a3 supply water temperature o3 [§Ees08 reset cod[gEsalopé B:eoligss (flow
rate)o? [gEesmt oB8:com:§E[G: valve gps throttling cpdes eadzadeoneon a3eaod reset c0pd
operation condition 829:0%:320305 3a80Ea[g 2o¢engpad6epd vupcdaoi

poen chilled water system 2005 coil &1 GqegeudonodSERs(dehumidification)o?
a380deo 8Eo0pdi Butterfly valve gpiogE sansoqjeolsq(pressure drop)sacg$spdG: available
flow coefficient gqpsoopdn cdelopE butterfly valve gp:od sacgSeonicdesnt egegdeom
Bamsogeolsg(pressure drop) 95qpgp: [g6ecl c0pdn 0803 sagudcudaopd butterfly valve o3
egqod[gtielopé actual velocity c0pd manufacturer recommend cpSoonseoo velocity cood
3qpzoopdi Erosion [gdedlom valve 2005008:0300p51 odsaeloppCigpielopE butterfly valve 2005
modulating control 320305 waoéeagpeon saanolgE flow range gpzagi€ sacg§oBoqo00d flow
oo} qqs o[gb8Ceun Low flow wmeefgseesd oBogoopd flow ownangg§ ©cd2abdlm
3053agud302:0005 0de0é aJewnod §6e0¢ cudoopd butterfly valve o egqudlgliyt
comsgn 3008e[y8Co0pdn 30500:c0d03(gp00pd valve 6g:qudd egeqiodsods(procedure)sddjso?
CleatIsientod]!

ocoe - fully open Cv 0083 od:wpbsaen: 60% open Cv 0o$3:03300dglq) valve qpod
egeq|od$Eaopdi

303005p5: - valve size 2005 pipe size coo53cuSdlon flow 2005 egpegg(smooth) o[gd8E
Valve &l Cv 00§83: $05:680E[gjr0d[gCs(resistance gpieaant[gpdfges) o3 piping geometry factor

068l 20051
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pow 2% pipe 038 08e0€0020005 1% valve &l Cv 00§8:0005 150 [§620p5n 3¢ pipe
Caliealiiveliioeationtel 1§valve Cv 00§8:00 123 [gdaopdi 42 pipe og€ondeoaonsanpd 1% valve &
Cv o830 80 [gdoopdn Ball valve sagpiel flow coefficient gpsspSsoopdi a0:500:q0560
3200ggpOon:000d  coa&§oopd insert  gpigeedqoopdi  Coil sseslgE two way valve
ad0000(gbeol three way valve a):0000(gdee 6pba8y) opfepige§eon oppBaopd modulating flow
0 coil 32038298 oCaeepade§oon cdaodi

oBelopé two way [gocor three way [gdeo design consideration opo8agiéi valve
selection technique opp8oopdi Valve $& coil 3208& 300905 =foypiog [gdedleom
differential pressure aop5 three way valve 320305 936ee|gpEicdeon oBea0d two way valve
system qpsog¢ differential pressure 2opS pump speed edlog€ @oopSq gpian§Ea0bi
aBelop¢ three way valve gpzoopS two way valve gpiooodencq€ oversize [giopd8gselope
a88[gooogn wedl§Eaon

G-§)- Flow Characteristic Selection

Plug selection 2095 design flow characteristic eologE @oopda0pb Design  flow
characteristic 20p5 control cp&9qoopd heat transfer device edlaa€ oS00 pows chilled
water coil 1 hot water coil 02005 o3ei water flow $& coil capacity characteristic 03 s00506654
:6d ¢ goopbaopdi Fluid ¢ supply temperature aopS heat transfer device(coil) & flow $¢
capacity characteristic o33260/ 03¢ gpign 3a03E005eepody §oopdi

:
r@"] Supply main
ﬂ$ ﬂ$ | Eﬁg]-:i A
Vol o

Cooling
-@’9 coils

Isolation Control
valves valves

=T i

< EM | th

¢ 9-JJ Chilled water schematic

pown chilled water supply temperature 6.7°C ¢ 7.5°C 93 [g€onodagnsgelopE coil ¢ flow
$C capacity characteristic 03 e[gp&:c30p8a0p51 Control valve 32085 320905 3a[o3r203E foomn
differential pressure o3 0oopSq) valve ¢ [§0ed 005 pressure algp&sada0p5

O(G-Jp)oopd heating coil $& colling coil 035 B:gSs(flow) elgpC:cdyelops gdesan:
(capacity) e[gp&:c3003 ewdlqoontaopdi Heating coil @il curve 20pb non-linear &G [g&a0p5n
F2o0delopEadeadd hot water 61 2o0p§§000 ool 2p§Ec00d gpigd [gEeseomaelop
[§020p51 Coil il heating capacity 80% 63005 Gepod§§opE flow 2005 50% co0d $p5:e5[3
[020p51 o characteristic 20p5 high flow coil gps(low temperature drop)og€ 3¢ o300

Chiler #
Chiler #

coepsoopdi o3 Non linear performance o3 cogpspdieoq§eaogad hot water supply temperature
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o3 reset [godeo: §E20p5 Hot water supply temperature o3 air temperature §2:93 eepodesnt
eogpqeo:sEaoodi oso54g¢ coil el heating capacity 03 caqpRg$E200!

100

Typical 1 7
Hot Water Coil / //
90 Constant S
HW Temp >§ e /
80 7
Typical / P
Chilled ’
0 Water | i
Coil 71 e
60 z
s
; %
9 s0 ’
® / R Typical
40 ’ ¢/ Hot Water Coil
; e w/HW Temp
H e Reset
30 i
Lo
[
i
20 L
Ve
10 A
//_f M““‘ = — Laminar Flow Region
e \ | |

0 10 20 30 40 50 60 70 80 90 100
% Flow

¢ G-Jp Capacity versus flow rate
O(G-Jp)o€ flow efgplicdfglielopE heating coil capacity 6[gpE:damdn’  eodg
00200051 098 gdse[gpE3a03E: cpbesond(gEs(linearize performance) [géeoq$ hot water supply
temperature set point 03 reset cx?Seo:o:)éu Chilled water coil & sensible capacity characteristic
20p5 3¢j linear [gdoopdi spo00Selopé e3ea0d chilled water temperature $& air temperature
030005 qpego oofgig efeomnclopE [gdoopd BssoligSi(flow rate) oqjeotiognioopdbendl coil ¢l
tube 20038:§ water velocity oge0&:0n turbulance flow ¢ laminar flow s3[g8a3 algpE:adognsoogdi
Laminar flow [gdedlaopdaasl water $& tube odmafogs §eoon heat transfer coefficient
onjeoCsagnioopdi odelopE coil &1 capacity  ogeolsagniqoopd ad3adl flow $¢& capacity o3
e[pscdael qondod 0508:95 9058ca0pbi Heating coil 00b9a0305  control  valveo3
egeqSepogE hot water temperature 20pS e[gpCicdy BbegpiagiE(fairly constant) control

006qE0Rden 38 cgudapeomEsgsaopdi Valve flow characteristic $& coil characteristic 030005
so§0yConad [gdaopdi e[gpCgsfgdaopdn Valve flow characteristic s3a0pSen flow versus strok
[g2005

0(G-g)0R¢ [goom:0005 equal percentage plug 2op5 heating coil characteristic saeomEsads
offet [§6§Ee00m m2008e0gHed(gdo0pSH Heating coil duty 820305 equal percentage plug o3
F200gg[oo&aopd Colling coil & characteristic 20p5 linear curve [g92005n Heating system ogE hot
water reset 03 3200ggjc0n:0q|C hot water coil &1 characteristic ¢oc0pds linear curve [gdoopdi

0(G-g)oR¢ [goozaopdi Control sacomEsediybeogsencgnd linear plug o3 3203dg[gen
200000710001 Three way control valve gps: 006808c00:0005 constant flow system gpsogCaopds
linear plug o3 3880051 Beadd two way valve system gps§ valve 3056l8: 93005 03cdgS
og€ valve 32085E 320905 Fo[opsq differential press ¢ Sqpsanc86opdi
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00333 differential pressure [gEon05c006005 32800 $69105¢0
() Flow $p5:a30dgEeopE safgpieoon component (pipe fitting, coi) qps§ Bsansogeolsq

(pressure drop)copds $00:a30:0860pd
(®) Flow $00:a30gC:c{o3p¢ available system head 3gpzaonoopdi

ocoedign flow $05:0904gCsaloC ofgrreoon compoment gpsell dsasogeolsq(pressure
drop)oyjogns 32910503206 obioni3daes0En [G:30000 puwropE coil 61 dsasoyeotsq(pressure
drop)en 3psi [gdaopSi Fitting gpiel 8sansogeolsq(pressure drop)en 3.5 psi [gdoopdi powogé
GeHlgoonoop flow & 30GPM [g20pS System head ¢ 10.5psi §:0l: [§600p5n Fixed compoment
qpeeil Bzsoyeolsg(pressure drop)en flow &l $6006038:5E p3go0pdi Bsmoyeolsq(pressure
drop) P,kgpm? cooopoqeadgé flow 0005 50% ogeolaaqé Bsantoqeolsq(pressure drop)oopd
25% onjeots0000n System 5@ pressure head oo constant head [g6o0pSu

odelopé flow spS:emfglelopé coil $& pipe work gpsogE dsasogeolsq(pressure
drop)spSiom valve 22085E 320905 sajo3p:) differential pressure Sgpicoa0pSi Flow 2005 50%
[6005 =oqS§5 valve opE[gbecloopd Bzaiogolsqg(pressure  drop)oopd 8psi ©  16psi
a3[gConadognsoopdi Table 3-1 0gEaewSgoonsoogdi

Table 3-1 Pressure/Flow Variations in Control Circuit

Pressure Drops in Coil Circuit in psi

Item 100% Through Coil 50% Through Coeil 0% Through Coil
Pipe and fittings 4 1.0 0

Coil 3 0.75 0

Linear control valve 35 8.75 10.5
System head (constant) 10.5 10.5 10.5
Total flow coil and bypass gpm 30 ~40 30

/ Pump curve

Valve head, partially closed

A Valve head at

fully open

Head

Piped coil curve

T T
Reduced Full Flow
flow

¢ 9-JG Change in head across a control valve as it closes

Valve & 2008E 200905 [ogpiopl constant heat [gdeseom valve oopd linear
characteristic o3 co:§Eaopdi Head across the valve 3gpiconeomalopé valve 220p8:08 caqps

38 oCeepad§talg §oopdi Valve characteristic copds 90§ 6[gd8E0p5
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30300 [gooognoopd flow ogeodsagaieomelopé available system head gpscon[gé:s
[820p51 Pipe 1 two way control valve 1 coil $& pump 0300 Joaopd §iqC:eoon water circuit
006903 eoa[o3dldn Pump curve 2005 no flow [g®aopbsasl pump &l maximum pressure o3
o§SE[B:  Bzams(pressure) oo[godegpd:  oyeoliagsoopdsC  sag B:eoCsg(flow)  oolgpdigds
qP220p563 pump curve 0gE coglgE8Eaopd

100

T L

920

80

70

60 o
50 / S
40

30

20 /
ol

0

FLOW RATE, PERCENT

0 10 20 30 40 50 60 70 80 20 100
VALVE LIFT, PERCENT

? G-J§ Authority distortion of linear flow characteristics

Flow/head curve (pump curve opcopbseslaopd) 2000 P = kgpm? 900503050503
eedlgoopSi Design cp60020005 flow B:e0&:§85 value ol Bsaniadigeq(head loss)oopS pipe $C
coil &1 head loss $& 0820051 6(G-0G)03E Gwdjgoonzoopdi

Point A 2005 value fully open gCes2000 2a6[g365[g620051 Pump head 20p5 value |
pipe $& coil 03o3¢ [gdedleseom head $& p8oopdi Value 8odoopd3a6ls flow ogeotaoxs(G: pipe
$C coil 035 [gdedleomn Bsaogolsg(pressure drop)copds ogeot:oxd: pump o opS:e5e0
head 2005 Sqpzanaddopdi

Pump curve o3 reference consg) [03p00q€ flow $05sa30:0qiE B3a0(pressure) gpsod
c8&epdi Flow gpzaonagi€ pressure $05:030:0860p5n

System curve reference oo [3pd0qi€ flow gpsconag€ pressure loss copds
qPzcoc86epdi Flow $05:a30:0q€ Bzantogieolsq (pressure drop) $o0:ag30: 380pdi

Point B o8eepadogn:cdepdi Point B § §eoon reduce flow [gdoopd so§$opE valve 5
[g8edl coon zmzoneolsq(pressure drop)aopd $6e09§, dqprogzoopdi
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aB0303 flow 00505000 32§85 pump head gpson[gta’ clgql:q$ pump speed o3
eagpq@: pump head 03 332600600005 88000 flow 03 eagpg8Eoopdi Point A § §oopd

head o3 cB§:c00Gs(broken line [g& [goozaopd) flow o3 cagpqi§Caopdi Pipe $¢ coil 0303¢E flow
onjeosagnieaodeopds(pump speed o3 $p5:e30CRO[RE(GE) valve head(valve 32085¢ 2o0g05)

lopsq differential pressure ¢> s005qpiesdedi oo3ad valve i differential pressure
soodqpe esfgtelopE plug characteristic curve 20pS 9o sacpbocpbeomeon Valve 20pd
0ol esepapt eseacdcopd: cagp: d8oCeapadognicBoepd [gdaopdi More flow will go
through the valve. 00393 [98[g&:03 authority distortion [g620p5wre8l 20pdi

. //
a /&/

4
%

r—|

~
o

=2}
=}
0

FLOW RATE, PERCENT
&~ o
<) =]

w
o

n
o

pd
—

=t
o

0

i |
20 30 40 50 60 70 80 90 100
VALVE LIFT, PERCENT

c‘;) G- JG Authority distortion of equal percentage flow characteristics

(G- §)op€ linear flow(plug) 0069 distortion [gdag0:d $& O(G- jo)ogE equal percentage
flow(plug) 0od9 distortion [§6003 eedlgoonsoopdn Variable A (authority) s3o0p5¢n valve full open
[020p0 328055 §eoon differential pressure across the valve o3 valve Godel8:eded 345
[g6ecleoon maximum differential [gEoni004gE4gbo0p5n Authority Ratio 20p5 1.0 $&p80005204
characteristic curve 2005 $(G-£)3203C: [gdaopdi Maximum pressure gpscon[gEselompé ratio 0058
oJog:00p0308 curve 2095 Ge[gpCaogrzaopdi a3ewpod dyiod(distorted)agnsaodi

Linear plug 20p5 flat plug 0393 [gle cpSescnEaB6epbi Equal percentage plug 2005 linear
plug 5333 [gjp cv66e0oEBGLpdN

oBelop¢ epdoopd heat exchange 3a§jp3a00: a30wrod coil 3a§jEssen: oddleo two
way valve gpsogC equal percentage plug gpso? =20d3{g[o300001 Hydronic application
qPe=a0R05 three way valve qp:oa€ linear plug o3 s203:(qgo30005

0 10

G-§)-0 85aIR:6065 22§§03E [g6adl eooo Baans(Close Off Pressure)
Close off pressure o0pS valve 00d9 80ddl8:e0ed 3§$0RC [gdedleom =[gSeds

differential pressure [gdoopdi O(G-))$¢ O(G-p) BorE valve [gopboonsaopd  Gbypieaq
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805618:03¢ [gbedleam Bzs(pressure)aopd valve o3 0p&:eas [o3ronso0pdn Valve $& actuator
$0960I6:5 §eom close off rating 20pS valve 5 [§88Ec[gfeoo> maximum pressure cood

Sqpzapd

Shutoff
Head Pump Curve
Total System Head | /
at Reduced Flow A
System Head -
Valve AP at at Design I
Reduced Flow l Valve AP at
Head : Design Flow
A
Py A\
B System System AP at
Piping Design Flow
/ Curve

System AP at
Reduced Flow

<°3 G-JQ Pump and system curve with valve control

Valve s0:0d:c8c303E two position duty $& modulating rating duty opej close off
pressure rating $6§jz §oopSi Modulating close off duty rating o3 oo&elond¢ “dynamic close off
rating” op eel copSi Dynamic rating 20p5 32[Go0&s two position rating coo $p5:00001 Dynamic
rating a30000¢n valve 805618:e0ed =oq$S smooth modulating [§6eoq§secg0 cdeamnodqepd
maximum differential pressure [gd20pSn Valve o3 eqpeggn 00800dgE[ge: crosdodO&:dk g&[gt:
©20pd position Beepadeoq§ecgnd c3sabeomn saigdaopd

Valve 026903 modulating application 220305 3203ge3cqi¢ B rating o3 Bsonseos
oD:0036g:q[0500E 2005

coodeopme[geeesopt [gdedloopd valve & close-off pressure o 23§ ©0532001
:005eopé 836005 system 3203E:q flow 2005 e[gpEicdeseomelopE piping $& coil 30038
Bamsogeolsg(pressure drop)ecopds c80dq) e[gptsada0pbn BelogpE pump head 20p5c0p5: pump
curve oodeagpod elgplicdeso00d GusadgS three way valve gp: oobsofaonsoopd constant
flow system § full flow (coil gqpszacgEsad eq@agpiadtofeepodaopd =aq$3) differential pressure
2005 3agp:ads (36005 Coil qps 32038203 eqEaspSiccbax0(Ge by pass pipe 3203823 eqypign
oCay€ differential pressure 286egpscol

Linear characteristic §oopd valve 20pd mixing conditioning o€ flow owdan
Sqpsconaopdi (circuit 2038038 o308l coil 3203C:08 qBgpigpiotannaopdencgnd Baans
ojeoCsq(pressure drop)oopdcopds Sgpsconen pump head 20pb pump curve oodeagPod J[gé
c020p51 AB3agi0> $690deloE valve 3085E 300905 sajopsd differential 2opS Sgpiaooopd
Three way valve &l close off pressure 205 coil $& valve assemble 035 §eooo design differential
pressure o&[gdoopdi

Two way valve system qp:s:;ogcﬁ valve differential pressure ooé assembly design
differential pressure 0005 Sqpzoopdi e F9E ©pdy dqpB6epd B0pden pump o3
©p507333 control cpboozaopd saedl 0pE vonpSoodi

Flow
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Pump gpzel head o variable speed drive [§& control cp&8Eo0p5n Pump staging $pd:
a3oupod choke valve (valve o3 82008 329E32805 [gjrwd[gEsspds) [gE0pds control cp&8Ea00i
Maximum differential pressure 20p5 differential pressure set point oedcn edlogCeondaopbn Set
point [§EaonsaqiC differential pressure copSs [§¢c866pbn adaa[y€ differential pressure 03&:upo0pd
esep(location) edlogfaopd:s gooobaopbi Pump 208:038 oB3E0pag€  differential pressure
(?)qpsooéu

GoogPBodggeongobien distribution system 0od9za0pEsq valve qps gEesqSoge design
flow condition [g®20051 a8 design flow condition § §eooo pressure o3 9§084(Gs valve §oood esep
& differential pressure o8 pressure sensor §oopd esepad Geprd630E RE30R8EDI

VSD gz 00680E00:0005 variable flow system qpzd low flow [g&a0pbsagi§opE maximum
differential pressure 20p5 3¢) 0Eqp:c8gepdi monuSelopEadeosd pump 205 A pump curve
:203Es0gme00me[oPpé BigSispdoopd(low flow)se§§S available pump head Sgp: comaelopé
[§620p51 Beagedod (G- Jp)oge [gooasaopd one valve/one pump system opE cog[gE8Eo00:
Pump oodadsel shut-off head 2005 sagEadsBsantoguogod(maximum differential pressure)od
[g&2005

Pump shut off head 3a0p5¢n zero flow (flow ©§oopd=e805) 03¢ [gdedleso005 pump
head o3 &3c8o0pdI condeogmeefgeaesogt pump o3 flow o§d §Sscodjop ewoliesqs
320905 0[g68Econ a3 flow 0§d cuntesilon pump body 320§§[gEoa5cxa(Bs seal gps eS8
ag2:8E20001 Valve qpgodoopd system qpz§ maximum differential pressure 20pS pump shut off
head &l 00600598000 [daopdi

aeo0b actual differential pressure o3 9§08:q8 9053come[opE valve gpszid:el
close of rating 03 pump shut off head coo5 Sqpsesnt GgEgScoEgE:o0pd BodgeoogPeom
%é?;@&ooéll
o0belondq) safety factor (poen 5% ¢ 25% o038:) 0069903 copdlfs SeoogpesmE
egeqjoSenp§oopdn 3a00:a0[gE  close-off fightly(valve 308056568 83260005 =adldqp:d)
safety factor copdeoseap§aopdi

82005 close-off rating ©q$Ea0pbsadl single seated valve gpssaon: double seated
valve o3 3203qj00&a051

Diameter $&c00500005 3[03:0005 double seated valve gp:ei CO rating 20p5 SSV cood
Sqpsoopdn o8eo0d DSV gpsoopd fight shut off [g88E[oeon ofsagedaopd DSV gpsei
322:520:9/05[gS 2001

G-§-G Valve Selection

cuoR0EgE valve 6giqudepapt 33600:6LIDIEIqEPIZIYIdEPIN? GEdgooEopdN
€)) Pressure rating (§) Shutoff response to leakage

) Size and flow capacity (©) Equipments and pipes connected

€)) Desired flow condition (q) Material compatibility and durability

) Temperature limits (®) Cost
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Valve Sizing

Valve 2005 system 00696 22605(liquid) 2Bewpcd enodeg( gas)od regulate apbeozopd
controlled ~ device ~ 0o09[gdaopdn  HVAC ~ oBewpdd  ACMV  system  onbgeomagn
copboodesq8a0905 valve gpoopd 3098 3a6qEn3ka0pd controlled device gpigdaopdi Valve
0o $C 390530000 OSMSY GgeguSeaoinpd system gp:aopd eomlign efficienct
(98088005 wurddeoi

822620050005 J[o3:esmE(oversized) egeqdoo:a0pd Valve o3 @0ddgg€
controllability pdq€:c86epdi Hunting [g6[g€ cycling [3o[gEs 020p503gd8E2001

832620050005 GaoscodesmE(undersized) egigSaonsoopd valve o =aadd{gegc
83260005 Bs58:(flow rate)od $320305 Baansogeolsg(pressure drop) Sqpsad&eodn 33
ojeoCsg(pressure drop) Sqpsaqi€ pump 20p5 3] 32006005 qeomeloPpE gl aXgq
BqpcB&epd

Flow characteristic o3 s2addgj] valve soqjeeaon:(type)od egegdoopd qoopdn Flow

characteristic 20pS valve i stem travel $& valve o3 [god8sogasoopd flow @& ©00500g
(relationship) [gdoopSi

Valve sa§jg320: o3[gp:gi€ flow characteristic copbs o3{gpsaopSi
Valve Authority
N = APValve
APSysL‘em
Where: N = Valve Authority
Rangeability
Maximum Flow

Rangeability = Minimum Controllable Flow

Valve gpzaanscdionl aBf) 0q8Eo005 B:g8:(uncontrollable flow) §o0p5n Plug 205 seat
¢ 04] [§800050 00005 3§§3E Plug ¢ seat 33(03p:5§00pS tolerances elopé [gEedl copd
pown- uncontrollable flow 0305605

(E)cocde globe valve &l Cv 2005 350 [gdaopdi Rangeability 20p5 10.4:1 [gda0pbn valve
20p5 wide open (fully open) [gdes§§ope full flow 85[gb20050050000m B35 valve ¢l Baans
ojeosq (pressure drop)aopd 5 psi [gdagié uncontrollable flow o3 gpd

(4 350
Uncontrollable flow (Q) = (ﬁ) VAP = <m> V5 =75 gpm

R = Rangeability
AP = Differential pressure drop across the valve

Valve Flow Coefficient
copaf
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Sizing of Water Valve

63200530 28g[g€:0000 =aefgdoqeom valv egegdoopd oBg[gEs(basic valve sizing
equation) [g®aop5u

Q
Cc, = \/ﬁ

Where: Q = Flow in gallons per minute (gpm)

Cv = Valve Flow Coefficient

AP = Differential pressure drop across the valve (psi)

Valve sizing poe>- 0 (Q $¢ Cv 00§3:03 98y €)

Given Flow rate(Q) = 90 gpm
Flow coefficient (Cv) = 51
Find Valve pressure drop(AP) = ?

6(g-

Ap_(0)2_<9°)2_31 :
= C, =\z7) =% psi

Valve sizing poe>- (AP $& Cv 00§3:03 2Bogi€)

Given Valve pressure drop(AP) = 10 ft
Flow coefficient (Cv) = b1
Find Flow rate(Q) = ?
:39@|§- 10 ft of head x 0.433 pis/ft = 4.33 psi (1 ft of head = 0.433 psi)
C, 51
Q:\/ﬁ = i3s3 = 106 gpm
Valve sizing poed- 9 (Q $& AP 00§3:03 Bag€)
Given Flow rate(Q) = 90 gpm
Valve pressure drop(AP) = 12 ft
Find Flow coefficient (Cv) = ?
:390|§- 10 ft of head x 0.433 pis/ft = 4.33 psi (1 ft of head = 0.433 psi)
C, = Qe _ 20 =39.5
VAP V12 x0.433
6 ©0pod20p) fluid gpesacged
-2
Y
S9

Sg = Specific gravity of the liquid

G-§-§ Valve Schedule:

6a:050p¢ valve $& 20056882000 3agi053a0005¢ps(valve
schedule)o? codjgoonsoopdi BAS on§oo§odomgpioopd egequdncosaopd control valves gp:od
Cv 0083:5C 000p Gud[ges 020088000
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(0) Valve Identification Tag. (®)  Capacity.

(J) Location. (@ Valve Cv.

() Valve Type. (o0) Design Pressure Drop.

(G) Valve Size. (00) Bamzogeolg(pressure drop)at Design Flow.
(§) Pipe Size. (o)) Fail Position.

(©)  Configuration. (09) Close-off Pressure.

(Q)  Flow Characteristics. (og) Valve and actuator Model Number and Type.

Processes qpsopC 32005qp:00pd valve gpsen ball valves, butterfly valves, globe valves $&
plug valves o3[g®a0p5n 32034q(d (application)od c8ode] coCangoopd valve sa§Ezaoniqps(types)
(7% og)‘cj GGS@OOO:OOéu

Valve Type Application Other information
Ball Flow is on or off Easy to clean
Butterfly Good flow control at high capacities Economical
Globe Good flow control Difficult to clean
Plug Extreme on/off situations More rugged, costly than ball valve

6.6 Control Damper

ecooocopd(air volume) $& erodigsSs(air flow) 0303 c300cd 03808330305 Volume
Control Damper (VCD) gp:od =aaddgoopdn Volume damper opcopd: eslecpdoopdi Volume

Control Damper (VCD) gp:od 56§ 3lgpsoonzoopdn coodlgé m0g8 32805(gIpdo0p5 (manual
damper) o3oopcd balancing damper $& eoSomlgEewntsaopd(motor operated) damper gps
[§8/030005
Damper Characteristics
(0) Opposed blade gp:03 balancing coS[g€a mixing cpS[g€s modulating cpS[ges $& 2-
position control application gp: 0303 saaddgjoopd
(y) Parallel blade: Two-position applications (open/closed).
() Bsmsogeolsg(pressure loss)aopd ado gEesoopd (full open @ 2000 FPM) sog§opc
0.15" W.G 0005 Segp:coq)
(G) Damper gp:6il 3agudssos(size)o? egegda0p03a8l crudigss(flow rate) copS 1,200 -
1,500 CFM/sq.ft 00053 egpicoq

Damper g3 eoocobelope[plopicoqs $& eudigSs(air flow)owdan sa5p5s
Pz 8208 B&:un(control)§EqSmoog0d saadig[ogfgl: [gdo0pSi Damper gp:od 323E:
(round) Govseoon(rectangular) $& o3pd(oval) 0oo[gé duct & $d0d Bodq) dooamSzadd:
[ge9d [p300p5n 228E:0000mS (round) damper $& o3pdooan$(oval) damper gzl salgps
o0b9ood:  (single blade)lgé  [grod[e3oopdn  Govseoon(rectangular) damper gpso?  blade
codqpgl [giewdfogoopdn Blade gpzaopd (B)cocde Bowpdd (9)condess salgpigp: [98[oGe
00695 006903 centiod(linkage)yé s2030805(gbeaant §odsoaSoonoodi
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Airfoil dampers

TRIPLEV AIRFOIL

¢ G-Je Triple V and Airfoil dampers

HVAC cobc§emaood damper qpsod gpeeomnsandqé galvanized steel a3wupod
extruded aluminum ©20p9 20gRIPegC [grdleaopdi [g€o ecvoledlod(outdoor air intake)d
o608  codepd  damper  gp:od  secqé8od(aluminum)oogrfgé  [gpdlogoopd
mogod(aluminum)  cogropd  adeqroncdgliad  omoagud§Eeomelops  [9o0bi
a5eqroncd(gls [g58E0p0 esepyp: $& 00dgapbesigps (industrial facilities) o ooBs(stainless
steel)od 3203gg|e0p§oopdi

comé(frame) $¢ blade qps 0p§[gCs BE[E: c[gdeog§ [Pt §E$eanE [gIpd congs
cBoopdi Damper o&8s(shaft)op€ oobeoaononpd 90ubqE(bearing)qp:aopd =:o[gond: eqpsd
Josopd sopeeondp [96gs Boopdi  godododa(friction)od  caqpspSieo0d  Fa§jEzaen:
cleelsioerevt]

eqgp:d @208 aBSsop(control)§ES 0305 ooms(valve)gpiod  saaddgegoopdi
coogp:ad c3o0ad aBSiop(control)§EqS 0305 damper gpiod 303goopdi Valve $¢
damper $&90d: 3005 8&8:050 $& 6geqSO eggudspda(selection principle)ofen oppd
[0300051 Damper gpzadaopds valve gpopadot 0opdB6(Gs(stable) c8q€a0p5 accurate control
§9$320305 0§85 GggS0E0RdI

Damper blade gp:a3 66 sa§jsqs [59S00

(o) Flat, one-piece (single metal sheet) blade
(J) Single skin blade with a triple-v-groove shape $&
() Double- skin air foil-shaped blade o3 [gdoopdn

O(G-Jo) triple V & airfoil blade $6§jg0d [gCoe eentiod(external linkage)gé §odsood
002003 Gedlgoonsoopdi Damper e§omaopd F1 (33[g8) $E F2 (saagps) o3 6lgpadeos [gdoopdi
comnEzaay a30w0d comEansad (frame depth) 2opS D [gdoopdi Blade width & frame depth o
opRBeepdi 3agpidaoanS(flat) blade 0od9oopdsomn deoon(single blade) damper gp:od 323C:

doogn$(round) duct $& o3pdoogr(oval) duct gpsogE 006s0Eq§320305 [giapdlogoopdn o
damper blade 96 $6§j:03 cvseoonEdaoS (rectangular) damper gp:og saadig0RdH
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Air foil doogrn& damper 20p5 eqpea(o3eds [g52000n Air foil $b [girpdooeomaelopé
eoogp:  blade o3 [godogosoopdmeal [gbeclconoopd Bsmsoqeolsg(pressure drop) $&

S9032503 GaqR$Rd:Eo0pd!

Triple V groove blade o3 ecosaagE(velocity) 2000 FPM 3203 saadig§Eaopdi a8eo0d
1500 FPM 0005 3qpsdlon e00da5qp: 00o8[gded] enp§oopdi Blade qp:od cobesesané(overlap)
$¢ interlock [g6e56320¢8 [grpSaonieamnaelopé oal{oadgn dod(tight closure)oo:§EaoaSi

Blade &l 32g&:(edge)qps§ compressible sealing strip 03 cx60oieam6(opE 6roudBd[g:
(leakage)o? eaqpspdicooopdn o sealing strip qp:od eqEedloopd epomo(rubber foam)gé
[gc968E 2003031 egEdio0pd 8cBaps(silicon rubber) o3wwpod 88&:(extruded vinyl)gEoopds
[g1098[e300p5n Silicon rubber gpza05 (o35 2005

Seal gp: 00690E0od(gEialopE damper gp:eil cdtogCesaod soegzacs(fully open) $¢
%20 Bodeso0pd aalgeaes(fully closed) 030RE §eox g&iesonEapd(performance)qp: ogafepim)
20pS1 cooné(frame)el 00600500dg0daRE blade gpisC 0ob00§:0000: fesoopd esepopt seal

copdaoniglialopé erouddolgls(leakage) caqpspSieoo000n Damper 006961 0o§ croudBE[GE:
(standard leakage)aop5 50 CFM per square foot at 1 inch pressure [gdaopSi

obcoode 830:(249 Pa)esmodap damper o odoopgfico §og€ 50 CFM g&:
ecoud8&a0pdi Air foil blade gp:od od:c00:0005 low leakage damper 33§2200:0005 G006
83223(996 Pascal) 63200503E damper e§oon 0odoorqSico §agié 10 CFM 82000 cou3BGoopdi

HVAC system gpzopE 32034g|con:00pd shut off damper gpoopd ecoudBoespS:0005 (low
leakage) damper sa§jrme00gda0pdi 00BCLN5e83:x(249 Pascal)esar0d0E  damper e§oxn
00600q$:0§qIE 2 CFM §&: 600380051 (2 CFM per square foot at 1 inch wg)i ccou388[gE:
(leakage)e[opé ecommadoopd adsofjrqp: [§ded congEaopd

Gmc@@é@&(leakage)e@)@ g&sa&@ﬁ:o%xﬁ @SGJ ooéu 09%0’_”08105 (céqp:oaén
Damper 00696l 32505:00: CL0598E0p05S:(Minimum  leakage)qpsod ANSI/ ASHRAE/ IESNA
Standard 90.1-2004 o303 eedjgoonzoopdn Ultra-low leak damper §$:o 4 CFM/ft” [gdoopSi Low
leak damper §8:0> 10 CFM/ft* [gdoopdi Cooling load sacg&qpsaopd system gpssaopC ultra-low
leak damper gp:03 006908q§ Bza620p5

Table 3-2 Maximum Damper Leakage (ANSI/ASHRAE/IESNA Standard
90.1-2004)

Maximum Damper Leakage at 1.0 in wg cfm/ft? of
Damper Area

Climate Motorized Non-motorized
1,2,6,7,.8 4 Not allowed
All others 10 20(a)

Note: (a) dampers smaller than 24 inches, in either dimension, may have leakage of 40 cfm/ft

Ultra-low leak damper §&:o0 4 CFM/ft? [962005n Low leak damper §$:w> 10 CFM/ft? (9205

4-29



HVAC Control and Building Automation System eomio0d03§,

Cooling load 3a0gSqpsoopd system qpeaopl ultra-low leak damper gp:od o0beoes
832620051

Blade gp: [G€opgCas Bo5g§saog05 eentod(linkage)yé odsoc0omo0pdi Genéiod
(linkage)o? esep $OesepapE 006s0Ec0:8E0p5 O(G-Go)RE eudlgoonsoopd blade Obd
9B05§05 §ode0od: crocdoped esangd ewrtiod(linkage) sadjezao: A§aopd damper gpzaopd
oqpspio0pdn  eunsod(linkage)gp:o?  erost  ©oBeoze0dd  (wed eanl(gboomod)  sadj
F002gq200pd Bamzogeolg(pressure drop)dsoSeGa adeqronaS[ges(corrosion)aBcopd: cagpsds
602005

Bsomeomioopd GO  odsocdaondgliclopE damper BobesaopdmaqiSS  3e)
008{mbgo seal [gdeoooodn saonio[gé damper gpz 2005008 [oplgEaopdeadl Sonl{oden
0963083058 Egd:(seal) oqjeosaonoopdi Blade gps copsR05032:00p938] 00E{030gn 305$ERE:
egpoogeou Damper qp:or% el]orSooqog g(f:eo:@&l 803@0:@8: o%o% B@S&%sﬁ&:a(maintenance)

:263[5¢ 00$ [glopdeozan&aodi

Damper $& o3¢) 320d4{gepd actuator gp:o3 damper 8006330305 owean damper
eomEd: s3eC:ogiepdangs 2203053 oo 25p5:c0dd[3eamE (oversized) [gieod 20&o0p5i
Actuator &l op&:an:0d damper 20008 36[gFe$30305000 AYEANOHG GgegLd conagC
2005008: [o3pagni00pdeedl actuator 2005 damper o3 9ozt ¢E8EBGLR5 wupodeol

Damper $& actuator gp: [03pq0 32034g8EqSe0305 damper gpis¢ eentiod(linkage)
qP2o3 008 [ggEadS:a88:60:q8 82600051 odslondgean odery gEery §o0pd damper gp:od
Geic0 08381 g 0o8[36 Ge§ odesogyp: [gIreSa0E05I

hef .>; :\' P~ i
4 3 r

- ,
-
}

SIS,

SAT L

= AAM-03 [~
-l (Opposed ) ™ (Parallel ) '“\::
PARALLEL OPPOSED ke
OPERATION OPERATION

c? G-Je Typical multi-blade dampers <[> G-p0 Damper linkages

Blade qpzgndloopd damper o3 multi-blade damper vpeslaopdi Multi-blade damper gp:S blade

qpzoopd parallel blade $& opposed blade vpg) 06 $6§ §8E0p5m 6(5-Gq) $&  d(g-Go) 0zE

Gedlgoonzoopdi

(0) Parallel blade operation &300p5¢n blade gp: 0ddo005000:a3(same  direction) 0263
006p00p5s [GCon ¢E[gta Bod[gcs [gdaopd

(J) Opposed blade operation a320p5¢> ood9eord blade gp: 0060053 copbesgsort
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oy$ondpeop blade qps 93[gpi00800503 copdes(gliys Sodgts EGE? [gdeoapdi

o3 damper $8§:3€ wopBeamn cwOeeoEodyps(operating characteristic) §o300051
Blade 00690005:000§0005 (single blade) damper & cpbesonCqjedgps(operating characteristic)
a0pb parallel $& opposed blade damper 03 $6932[03p:03¢ (B0

Actuator qpzod damper operator 30005 damper motor wpeoRdieslcopdI adio
gCes00p) moe[gzacs(fully open)and crosiogSsa: sagpsad: (geilcomelogpé damper actuator
205 dea0deanE [Bien:a0pd gdsaans(power) §eooo damper 03 comEign 8a5§Ea3dRd

@ Fan
Damper off
Closed —
Damper
Fan
Dk

Open — |
t Isolation Dampers

T

@ G-po Fans in Parallel ‘ ¢ G-9 Centrifugal Fan with Inlet Vane damper

Modulating damper gpsoopd 82262009 small increment gp:z03E: eqpege> 6g.aqp:
00q$(8d[gts ¢E[gC:) damper actuator o> GomEsg> modulate cvSeL:§Eqepdi Lower leakage

damper gp:op€ seal gqp: A§gEselopé godBodg(friction) dqpzoopdi oB3gp:aopd go5o3ode
(friction)oB cogPagnq§enogad Jofwsoopd damper motor (damper actuator) oobsoCooniq$

83260005
GooopoqedgE opposed blade damper qpsé §E:00pqE parallel blade damper gpsogé
Q[03em20005 actuator 0o6s08q$ 332600001

Actuator 00050050pgpso0pS damper 305qS1 ¢CqSeac0d a33abeam ss(torque)o?
inch-pound [g¢ eudgoopdn goboBody(friction) $& 6euB3:03 eoyPegSes actuator gpsy

§00pd§ 3052009 (minimum torque) o3copds cedlgeuqoopdi GuoopLy 0pdiNGgEden damper
$C actuator gpzod Normally Open(NO) operation 0&qj[g¢ [giopd(set up) con:ea§oopd 3200006

power o§eopoopdsesl adewod qod(fail)ognoopdsasl damper 20pS gEagEdom: oS3
Googp: 3280050[g0d B:e0ls(flow) e5c8665n cepad(§

Coil gpiogé oqdge:(freezing) olgdeoq$ hazardous waste gp: woleepodeoqs sC
system o3 isolation cpOq§ ©20pd IqIOdgP:ad e[gde damper 2005 Normally Open(NO)

a300pod Normally Close(NC) [g8eepSa? addgod(o30005H
Damper sa§jgsao0:(type) egeqod[ge: $& damper sagoSsoons(size)egeqiud[geod saalgds) damper

32004q|$ (application) o3:§j §oopdu

4-31



HVAC Control and Building Automation System eomio0d03§,

(on) Two position only
adogesoopd 320[gFeesss ad:0d0des0pdmaegsacs(fully open/fully closed) position
5648 32030500 [gbeaxelo3pé “Two Position” vpesl[gE: [gdoopdi Fan qps isolation codqé
$¢ [g€oecooedlod(out door air intake)qps 3o5(shut-off)q$ 220305 saadigjaopd

(®) Capacity control duty
2203§00p5 capacity qesan damper gpigé control cpd[gEsgdooodn VAV discharge damper
qp2s¢ air balancing damper 2[gd 2aa34gjo0pdH

(o) Mixing duty

GOSOG|p GEPe§8320R05 F20d3{go0pdn Economizer damper qps 32[gd 3203gg00pdn
G.6.0 (o) Two Position Duty

Fan 3c5c805o0p) =485 oofgresepe erogpiofamlgls a3ewpod duct saoptie
GoogP:agadag0gliadnd omagudes 320305 3203gjaopdi Outdoor air intake 1 fan intake $C
discharge qpsogC 0o6s0enp§oopdi Fan cunsesaopd 35S damper gCes(Be fan qOs:es305
damper 3obesepdgdeomaelops =ogCsé 32805 b (position) $&§on [98§E0p5 [gEoe
oBodecodzms(wind pressure) $& stack effect odelopé [gbeclconoopd infiltration [gB[gE:03
onpedes $¢ eaqpspdeoqs 320305 fan qdes0pd S [gCoecvolaedlad(out door air
intake)§ damper o3 3cbeses:E supply air fan $& interlock coSoosqERdn Belopé  coil
qpeed ot eqdgts(freezing) ¢ 0maz0d8E0001 GaonliepaBal 3aped:gegs(heat loss) (g
eaqpspdieant cvoSEgEeloE g&:3aE 30305 mEmyo§od (heating energy cost)oooSomo0p5

o034k damper gpzo? actuator(motor) [g¢ewdE:eoo motorized damper gps 930005
ngPE[ge3s:0? 320d4gjoos00pd gravity damper qps 3o[gbeogdEoopd Gravity damper gp:od
Back Draft Damper(BDD) a3wupcb Barometric Damper 2300905 Non Return Damper(NRD) gpsop
2§ el edl[0300051 mogpelqadeania’d saadigoopd(gravity) damper gpiog€ actuator (motor)
006908coxgls o§eomelopé motorized damper gp:o3ad 0oC{odgn Sodes[gls(tight seal)
o[g68EA

Gravity damper gpsoopd @oBio0pbep codDEBESR0m  Bieolidesne  [ged
conso0pdi - saogos(supply)oncdon  B:gl[gd: =olg$(return)onodad  [g§ed:8Eesnt  [gopd
conigEzelo3pE “Non Return Damper”os 68l a3[gE: [gdoopd

Exhaust fan o3¢ onbeoCoonsoopd back draft damper 2005 fan qoconqi$S [gCogecogp:
32680005358 330p8:03 ofeepad[gtiod omogudeuieaddoopd: fan cenliesgSogt exhaust air
qp: fan discharge point © aga58Ee3E gEausoooopdi

6a0nCiepaBy 30g§[gEuntoopd eaoncd3a8gpiope stack effect elopE [gdedl cneom
ecodams(air  pressure)aopd damper o3 gEeoSEean0NeINE  op&ieanigpioopdi  Bsedl
32680005358 3038 GrogP:oopd exhaust system o 00de0¢ 33[gEA] ogodogBa 862005
2000¢p: 30038203 [gEosrogp: make up air 32[gd 3202203 oCeepodanoodi  dBo3ad  o[gd
GoqS 200305 oogG[geRen? 3padigopd(gravity) damper gpszaen: motorized damper o3
cine 8§ soBscapoogS)
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100 200/75/7;// 7

80 90/;; ////%///
STk

AT

N
\ [®)
Ry

\

FLOW PERCENT

) //// /A
N7/ 4

0 20 40 60 80 100
STROKE PERCENT

o. = ratio of system pressure drop to the drop across the
damper at maximum (full open) flow

@ G-pp Installed characteristic curves of parallel blade dampers

100 I //;7,///%
. At AN,
LA NS
= 6o / /2010/ , /
N VAVAVa 4
I
[ AN A
o WA
o a
=

0 20 40 60 80 100
STROKE PERCENT

o = ratio of system pressure drop to the drop across the
damper at maximum (full open) flow

@ G-96 Installed characteristic curves of opposed blade dampers
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0063loo6¢) gravity damper gpza0pd motorized damper gpscocS 38oEangoopdi pows &
(§-G0)og¢ [goom:a0pd3a03E: fan $&cd:0d :[QEod(operating in paralle)gé cet:adaopd3a4l
damper qp20?3 00§20053Egps(isolate)qs 320305 coSe0Eoomo0pdi Befopé epbaop) fan cdesd
[(3[050068 eenE:8E€a0a5

N N
1™ AIR FLOW AIR FLOW VAN
N od

= P
70 /

60 /
e
i

% Maximum Flow
% Maximum Flow

Amount Open Amount Open
Q G-9§) Two Parallel blade Triple V dampers From Different Manufacturers
AN N
/|| AIRFLow AIR FLOW N
AN N

100 - p7 100
90 90 /7
80 S A . s
Z 70 Z 70 S/
L og / / L g / 7!
7] -,
£x /7 £ /]
: . g ;7
§ 30 / = 30 /
20 20
10 / /‘ 10 / /
°C 32 4 & & 10 8 & 4 & & 1
Amount Open Amount Open

c;) 9-'\)@ Two opposed blade triple v dampers from different manufacturers

Variable Air Volume(VAV) application § low load saefgzaesope fan oobadamn cunts(de
high load o3¢ fan $60%:03 [G€on eent:§Coopdi Bevefgssesroze shut-off damper vondeo
0o2s0q€ Genses000d fan ¢ Grogps §60o:0pd fan 22038:03 [g$copd oeqpad§Eapdi Parallel
pumping system qpsogE check valve gps: 006s08aonigs 820009 206omdE [§doopdi 32000dg)
motorized damper o3 2034gepdaddlon ©pda0pd 2ag§orE damper Sodqepd gEqupd aBo0pd
[gooo§n0? qEaBEq86wpdn

Fan oeenlsol damper o gCog€ oofgpieentiesapd fan ¢ crogp: qoes0pd fan
2p8iad  ofeepodom  e[plfgsdfgts(back flow)gdedleofg: short circuit  [g8a8&0bu
aBecogpeelopé fan el wheel 2005 6570598 copSe$380pdn e[gpE{gsrobesopd fan o3 0ot
6808050000808l 220380005 direction 900538 copbeoq§ SejsieomEngd (starting torque)
Bzdeomelopt 6uBomo$d[gE:(motor over load) (g8 §Ea005
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Fan o3 20q€ 00oewns{Gse damper o3 gEagi€ fan plenum 32038:3 830: (pressure)qps
20R§[gCensamnom  08805qed8:8Ea0pdi Bapo8eom application sa0g05 gravity back draft
damper 2005 3¢ 20&eagpaopdi Fan een:c80500005¢ 00d[GEs05 Baans (pressure) oofgodigpds
qPeconom gravity damper o sacdseeagpod 0od[gpdigpdigts gSogn: cocd6wodi Back draft
damper o3 fan discharge 32§:038 s3[gonbs0Coon Gpdoopdi Fan discharge esepS
ecozaqE(velocity) SgpseomelopE back draft damper gp:o3 heavy duty damper sadjsoon:

(g6 [greSoo&a0pd

Two position 220305 220%dgjepogE parallel blade damper o3 320%dgjoopdlgbeo!
opposed blade damper o3 saadd{gjoopSjgdee ogfgpiqod w§eon 0odsp5:30dgE two position
2005 ©pdoopd damper o3 ©ed 3203g8Ea0pd FoncdeopEadendd adoglesanpd
safgzaes(fully open)sé cd:o8cdes00pd saefgmacs(fully close position) o30pE damper
$0Gjpcd:ei gdieaonCepd(performance) opo8og0005i

Parallel blade damper gp:od eqroocdoomeomelops ¢ saadigpsoopdn Damper 069
00p5:m200 GEE005206a05cVRS: damper $& actuator $6960C:c00:0000 3246l egpooaHo g
eeoogpeol 300deopéadeccd sagudssoniopay€ parallel damper & actuator 2005 opposed
blade damper &l actuator coo5 3¢ 8aguS32020BqS (S30:607E:qS ) Ba0p51 Belopé HVAC
designer qpsaopd two position application gp:3e0305 0gobieepEion(vendor)sE o§co§odomn
(contractor) gpzaB3oo0 6gEo005000000) Sa§peeen:ad egegudgeniconondi

Two position damper sogodseon: egequdgiaopd Bomeepe[didh saonudelopé
aBeaod two position damper gpzaopd 80568 9€q§$o0n c3306[8: modulate (6§ wcdsabeon

Two position damper gpsoopd sagudsoons(size) JoFecor 63864 (leakage)
BqpeecolgdBe eqid[oBieco [gdoopdn a3ead 8zaiageotsqg(pressure drop) spSseooelopE
gb:=aC(energy) ad:gacopds $pSsec00pdN

Shut off damper gp:o3 0o6so8epdesepd duct aguSmen3a03E: gudop(same size) [gdesand
6gg|oSepdoodi
G.6. J (9) Capacity Control Duty

Air system o coogp: 200330 [gdeog§ a3ewrod erogsge PBgeoa$ 220305 capacity
control damper gp:o3 3203qoopdi 00delondd terminal o3&:r¢  B360005e0B:58x(air
flow)gfq$ duct 00d900pSdsE [gopds) ©g8€eon Volume Control Damper(VCD) o8w0pod
balancing damper gp:o3 branch duct $& selection gpiogCoopdq) diffuser $& grille o3
8326600 83C: crudigss(design air flow)qq§ Bsans(pressure)od aBS:pcus(adjust) qoopd
Volume control damper gpsoopd static damper qpsgdlo3o0p5 Static damper e3a0p5en actuator
00lo€a3 0odal§aoiggC eoBigSs(air flow) salgond: Bgesepd sa§jresonydaopdi Volume
control damper 2a§jp3202:5¢ 320532022 Ggeg|EO[gE:0p5 Bdmveqg[Bscol

Ses00pbec0gpio? eagpqgongdfd adoglesoopd soelgmacs(fully open position)sf
g€ B=p0620600005 Bodaos(throttle)gi{gdaopdi Volume control damper gp:20d single blade
:§sz0002 $C single skin damper sagszoo0igp:00 [go[o3[G: 0bsoEaopdesepd duct sagud
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3038:00 329050 [gopdeap§oopd

o3 damper P03 GEEo0050eINE [grodmeomaeops 0dlmd =05 spndey
§oopdn Outlet Gsepe Go:8E00g| 3G0sadie5epoRE 006s0Ea:0E000N VAV system § fan gpzei
capacity o3 control cpSq§ damper qpso? s2034{gopSn Damper Od(style)$6§jsw> inlet guide vane
$C discharge damper o3[g&20001

a%208:0k ma[gonsigeseamaelopt leakage [g6[gE:enqpspdieooopd gasket gps oodeod
con:q$ ecd3dc0n VAV system § fan gpiel ceoogods$(capacity)od oB&:qd(control)q$ damper
qpod sa0ddgoopdi Damper Gd(style) $6§jgen Inlet Guide Vane(iGv) & discharge damper o3
[§62005

O(G-p))oRE [goomoopd 22038 Inlet Guide Vane(IGV)o3 fan @i sao(inlet)og€ damper
2[gd 0068080020 [gd20pbn Fan & 228E00am& sa0(inlet)ogE onbsoles [gdeomalopé
damper blade qpsoopS pic-shaped (g8 0260050005298 320:0%: 0oE[GE$05 S80I

Damper &l 3203p200566podge> oCamavpdeco(entering airod [3|g cppdoonseodgls
(pre-rotational spin) [§620p51 Damper oodeoaodgEselopé ofaonoopbecooopd fan il wheel
c0p520p9900593 BronpSagnicooopdi oEamnaopd ecoel direction $& fan & wheel direction o}
oppBagmieamelopd 6eH0m0pd 3ROEPIgP:Rdes ecdzabeoncun Air volume o3 Gagpy
cBo0pd304l3 inlet guide vane o3 3odq) unload cp&8EaomelopE fan ol g&:3aEad:gq(energy
consumption) GaqRogsgopdI cVodeopoRE inlet guide vane 20pd @&:egRS(Mmaximum
capacity) ¢ 0% 3208 eaqpeyes?E croigSs(air flow) $& 8za:(pressure)ad eagpg§Eoopd

Discharge damper qpsoopd paralle pump gpogE oobsooonzoopd check valve gpié

opp8lo300p5n Discharge damper gpzaopd 3eso00d fan ¢ coodeosqepd dsans(fan pressure)od
eagpqi¥CaomelopE VAV box gp: comigs soeolelggn 350p6apd8Ea0p5n 3¢) stable [gdaopd
OOGIE[9E ccuBigSa(air flow) o3 control cpE8E2005

Discharge damper gp:elopé fan &l g&ieaonepd(performance)aopd algpé:cd wagascol
Discharge damper gps throttling cpd copdsasl g&imal o0:geglsss 3200en03[gE:03 [gdedl
cnEeomaelopé w938l VAV system gpiop€ discharge damper qpso? 3a0d:0(gfogeonpeo

Capacity control cp6q$ volume damper qpss& discharge damper qp:od throttling
c0[gtielopE opposed blade gp:od  =padgooCoopdn  Parallel blade gp:od  =paddges
vooeagpeol

Fully open ¢ cd:0805eso0pd306[gzaes(fully closed)sadd throttling coboopdsesl linear
flow characteristic §[g€:0005 3280 ma6[oPEigdaopdi O(G-0p) $E(-pG) B¢ classic diagram
o3 eedlgoonzoopd

Parameter “A” 2005 8s:ogeolsq( total system pressure drop)o3 damper g&eso00d
2S¢ [gdedaopd  Bsamogeolig(pressure  drop)across the damper $& o©o:c00:000)
2§y 20p5
Control valve authority 03¢ 605[g32005 3acgsacsaagpisE oppdoopdi

a = ratio of system pressure drop to the drop across the damper at miximum (fully open)flow
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System resistance

a= -
Open damper resistance
Open valve resistnace

Valve Authority =
aive Authority Pipe loop resistance

o3 figure qpzoopd damper g&seaonéepd(performance)ondead:a’ [gpddg> wesdg§Caon

authority qps20p0s¢ saq| curve 2005 F6dad 000Hog0Rd GBgdea05R5: ItV
B2e5100051(¢ G99 5 6-06)

(0)

)

?)

Damper ¢l g&sea0nEqpS(performance) qpsoopd 620053l sagodgpsedl 0g€ ¢oopdaogdi
(o) Manufacturer
(J) Damper relative size $&
() Damper situation o [g620p5u
Manufacturer
Damper 0ocbcobopgpiel 8E:(design)i [groSoopbogpds(material) conEsod
(linkage) $& blade seal qpz voppB[gE:elopE damper gpzel pEesonE§Eq(performance)
qP: o3[ge005
Damper Relative Size
Damper & 3agudssons(size) $& duct ol sogudsoons(size) o3ewpod wall
opening &1 32gud3300: wopdB[gtselop damper gpici CwOGeoRESE(performance)qps
Rlgp: §oopdi powd damper ¢l 3agudsrois duct &l sagudsaen: opoBgselopE duct
B¢ eeooopd damper 22038:03  oo§0Cogro0pdi 3cgSoySa0pd wall opening
esepogt GodcoSa0pd damper onbeofoondglielopé  erogpioopd  damper  cod
3203835 e[pConsign woeepad§ED wopoBaopd flow characteristic qps [gdedlom
damper cp6es0oE8Eq (performance)qp: o3{gpqoopdi
Damper Situation
Duct & codsaloppCs elgp&cdfglielopE damper vofsel ecoeh direction $&
damper 320905  Gooagcodielogps(direction)  elpEicdeomelopE  damper G
g6269008qR5 (performance ) a3[gpza 005

, 9 »

7 804+—F > /

§ 70l 1 AIR FLOW

o] O ‘ » /

. \ /

8 w S ¥ /"

§ 30 /‘v/ -/'/ \\

o

L 20 AN —

3 10":4;_’-«‘/"—/'/ K| mRFoW  —
0 : .

10 20 30 40 50 60 70 80 90
Damper Degrees Open

c:) 9-9q Effect of Inlet Louver on an Opposed blade damper Characteristic
O(-pqQ)ogE opposed blade damper @i g&seaonEepS(performance)o? ewdlgoozoopS

Capacity control (throttling) application o€ damper cj:0 8obesa0pd Foc[geacs(position)st
§:cone0 pressure drop across the damper gp:aoneeo [gdoopd
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Damper throttling cod[g€:elopE ecudigSs(air flow rate) $pSsconomn duct system §
00 32805323C:qpiel godododgeloPE [geomBzmsadsa(frictional losses) oot
2001 godadodqeloplgdeom Bamsadigeq(frictional losses)aopd ecod:gss(air flow rate) ol
$6000038:5C 08goopdi Fan & 3sas(pressure)aopd volume flow rate 0050000354l fan curve
32038 005000088epdi Hydronic system gpiogé ondeofoonongd two way valve gps [gpd $¢

06908908 0pp30005i

Throttling application qps:ogE parallel blade damper o3 3203dgjoopbeadl linear
characteristic §jzeogqeadeaddcopds damper 22085200905 33(03p: B3anioyeolsg (pressure
drop)aopS system 0069cd:ei sazoeolsq(total pressure drop)el 0% o [§620p5

) _ Significantly Even flow distribution
Recirculation distorted flow across the duct

zones profile

¢ G-pe Air flow through parallel Q G-p& Air flow opposed dampers
Duct | . Mo ‘Bucl
M e
— ,.‘w; ) - ;ﬁ .
AirFlow  [&] / .
T o]
o Kl
P/ ‘k}:_)—
- )"/ #7_7-—
o b
& Y]
PARALLEL OPPOSED
OPERATION OPERATION
¢ G-p Flow Pattern through dampers

Opposed blade damper o3 throttling application o3& 203gjo0pd3a8l  linear
characteristic §g[g5[G: pressure drop across the damper 2005 total system pressure drop i
9% 08 [g0o0p51 BelopE opposed blade damper gpzoopd down steam opE turbulance

[g8e0q s5:3keomalompé throttling application 0g¢ sacgSaa05:qpiq[gts [§d20p0N
aB39i0503 O(O G-38)0zC ewdjgoon:aopdi Parallel blade damper 205 eoodselopt:

B:o0pbep (air steam direction)od cenCsogns(deflect the air steam)eooopdn defopé down steam
S 3qj turbulance [g6edl cooopdi
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200dq eoodielopieamnndonod(down stream) 828:038 elbow o3aeoo duct fitting
§esdlon asymmetric enter velocity alogp& 8sasogeolsq(pressure drop) 20p5 0500200050005
32860 2nudq erudieloC: eem0dan0d(down stream) =a8:0pC diffuser fesdlon

ap395 3a0R8[gCene: croogadd(outlet throw pattern)copds delgpEsagn: A8dwpdi

ABelopé eroogadedlod(air outlet)od coodapdongpian diffuser el neck a3wupdd diffuser
:8:57: 3¢ opposed blade damper gp:a3oo 006s08q§ GuscogEgdaopd

Throttling c00q$ esepqpogt aadigepd damper gpsell 3agudsron: egegddaopd
hydronic system gpscog€ control valve gpscil sagod=eon: 6geguSO$E oppdoopdi Controllability
comsqf $& Bamrogeolsqg(pressure drop) ogpicog$ 309825600503 eqply) gooezNE
egegudo0&oopdi Damper saguSsaons(size) [03agiE controllability eeomEeon 03ead Bz
oysolsg(pressure  drop)  $pdsoopdn Damper  sagudmaons(size)eoo:qiC  controllability
GomE200p01 036005 Bamoyeolsq(pressure drop) gpzoopdi

G.6.9 (0) Mixing duty

Hroopo0pd erodselopCs(air steam) $8§:03 cepesogs damper o 30d4g0300001
[g€occo(out door air) $& return air 0303 eepesalgCs(mixing) [gEo0odn ¢o:ugEso0pd saurzaco
oob9en opposed blade damper gpzoopd throttling ceSepogE  sacgSontengpeomelopt
eepes[gta(mixing)cpde$ sacgs o&eagPaddunbun vasolmy[ge: [gdaopS

qpeeoonsdgC mixing application o3¢ parallel blade damper qp:o? =20ddge$
sacgaoeagdoopdn Mixing cpdepage throttling 0398 o3ogeam control [§8qS ©adadi air
stream $6§jg0? GePE§AEO40 [§6205

Parallel blade damper gpselopé ccodielo3ps(air steam)qps o3& (deflect)ogoigCialope

throttling cpOq§eecRed veomEieaddcopds mixing cpde$3e0305 FgSeomEroopd =aged
[§620051 & (9-G@) 0z parallel blade damper clop¢ air stream $692005 conts(deflect)ogrzom
mixing [46608 22098 226000053507 [§6003 GwSgoosoopd

Opposed blade damper elop& eood:alogpCs(air steam)sd9od mix [§0q$0053003 o(g-
o) 93¢ Gud[goozaodi

eoodialoppSs(air steam) $69 Googpgd weepegneomelopE stratification [gdedl cn§E
20pbi “Stratification” 8300p5¢0 eoodialoypCs(air steam) $69 weapes3 GqsE 98B B

§esat:o? o3ao0pdn Duct 320p8:03E  stratification [gdo0pbeadl [gEuecomepg$ (outdoor air
temperature) §oopd Grogpin 0od50REGeEsG: return air temperature §oopd GrogpPsed

0600503¢ §escB6epdi Stratification [goes[gt:elopé croel =o0q$03 03E:032005 sadlogt
0o$m§[gts co3oygCs [§68Ea0pSn Ventilation system effectiveness copbs cagpepdsagn:8Eaoodi
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Outside air Return air
P Vo L
\/\/u\/\/

P Vb

Mixing plenum

Outside air Return air

PAd
L

RN g
NN N Y

R

Mixing plenum

0 1

(a) Air streams side by side - no mixing

{ 1

(b) Air streams side by side with parallel
biade dampers - some mixing

Outside air Fleturn air
——
—-—
——
—-—
—_.'”— =
R ——
~a P
ford

1/ Mixing plenum /I/

(c) Air streams side by side enter mixing
plenum opposed to each other - good mixing

_ [—

/./ — - /./ -
Out&ude\ . - »_Return
air & air
L DEEEA N

Mixing plenum

(d) Opposed air streams - good mixing

* QOutside air

—J\\\{1_

\ : Return
\\.\ air
> -—

e

T

(e) Air streams at 90 degree angle with
parallel blade dampers - good mixing

; ¢ iOutsideair

Pt ke -

-

Mixing plenﬁﬁ'l

- « Retun
air

(f) Air streams at 90 degree angle - fair mixing

<;> G Various Mixing Box Arrangements

Damper $¢0005a380005 329/05qp:0d damper schedule vpGsl 20p5

(0) Damper Identification Tag
(y)  Location

(p)  Damper Type

(g)  Damper Size & Quantity
(9)  Duct Size

(6)  Arrangement

(Q)  Blade type

(®)  Velocity Pressure Drop
(@) Fail Position

(00) Actuator identification Tag
(00) Actuator type & quantity
(o)) Mounting
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DIFFERENTIAL PRESSURE ACROSS MIXING BOX (In W. G.)

. 0.0
Outside air o 10 20 30 40 50 60 70 80 90
Damper

Return air 90 80 70 60 50 40 30 20 10 0

Damper
P Degrees Open

Air flow through mixing box with 24” x 24” outside and return air dampers - 6,000 CFM
Curve @ Opposed blade dampers

Curve Parallel blade dampers
Curve @ Ideal damper (combination opposed & parallel blade)

& 9-Go Bamsoyeolsq(pressure drop)Across a Typical Mixing Box(Avery, 1986)

Intake Qutdoor air Filter
louver damper
Supply
\ / Coill fan
1 F Supply
—— | T N.C. -0.25" ) air

f—_'ﬂ NO. | ™ Return damper

—e N » Return

T \ Return

Relief Relief (exhaust) fan
louver dampers

<;> G-Go Economizer with Supply and Return Fan
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Minimum O.A. Fan

Ml =arT—>

/ Constant Volume

[N

EL . RA Damper
Closed
]
*_UQT 1 +0.3” (
~
100% O.A.

—_——
Damper<
Closed

o P J f
Minimum O.A.

T
\

rd

Q G-GJ VAV system at 100% outdoor air and minimum outdoor air

A= -0.3" % (l—‘;
QA. -

=
H
o A )_\CD 0.2 ;
A N
Relief fan

‘? G-Go Economizer with relief fan

Table 3.11 Damper applications

Control application Damper type

Return air Parallel

Outdoor air or exhaust air

— with weather louvre or bird screen Opposed
— without louvre or screen Parallel
Coil face Opposed
Bypass
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— with perforated baffle Opposed
— without perforated baffle Parallel
Two-position (all applications) Parallel

Volume Control Dampers

Isolating Dampers Regulate or stop flow of air in branches of a duct system
Balancing Dampers Limit air flow by holding damper blades at a specified position
Fan Inlet Vane Dampers Used to control air flow rate to a fan
(or Terminal Unit VAV Type Dampers) Used to control air flow
Fan Outlet Dampers rate from a fan
End -

Factors Affecting Damper Performance
Since dampers are a part of a system they are affected by their surroundings. These factors
affect the performance of dampers.

(o) Inlet and outlet conditions () In-duct obstructions
(J) Location (6)  Inlet and outlet conditions
(p) Damper Authority @ Location

(g) Damper flow characteristic

Damper Flow Characteristic
The relationship between flow rate through the damper and the position of the damper blades

Damper Flow Characteristic

To select a damper which will meet the requirements of a particular application - the relationship
between the flow rate through the damper and the position of the damper blades must be
understood.

This relationship is commonly called the damper flow characteristic

Damper Flow Characteristic (Opposed)

Use damper authority to determine installed damper flow characteristic

% Damper Authority
n Impact of the damper on total system
n The ratio of wide open pressure drop through the damper to the total duct system
pressure drop at the design flow
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By definition, authority is the ratio of the wide open pressure drop through the damper to the
total duct system pressure drop at design flow.

Selecting the Correct Damper
n Determine which installed damper flow characteristic will provide the best control
n Use the value of the damper authority which best matches the system characteristics to
determine the wide open pressure drop through the damper

Damper Application will determine which installed damper flow characteristic will provide the best
control.

The value of the damper authority which matches the desired flow characteristic is used to
determine the wide open pressure drop required through the damper.

The correct damper can then be selected.

Damper Applications

(o) 2-Position (%) Face and Bypass
() Static Pressure Control ©) Mixed Air Control
() Temperature Control

2-Position Application
Two Position Damper Applications -
In this application the damper is maintained in either its fully open or closed position depending
on a binary input to the actuator.
The shape of the installed damper flow characteristic is not important since the damper is not a
modulated device.
The only requirement is that it must be possible to obtain the wide open flow rate with a
pressure drop which is less than or equal to the value specified.
Generally, dampers used are duct sized to provide the lowest possible wide open pressure drop.
« Examples: 100% flow or 100% shut off.
Static Pressure Control Application
n Less common today with the use of Variable Air Volume systems and use of inlet vanes
to control fan capacity
n Damper modulated to maintain a static pressure set point at some downstream point in
ductwork
n Generally installed near the fan discharge
n The damper pressure drop must be included in the overall system resistance

Static Pressure Control Applications -
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In this application the damper is modulated to maintain a static pressure setpoint at some
downstream point in the ductwork.

The damper is generally installed near the fan discharge.

The pressure drop across the damper must compensate for the increase in pressure developed
by the fan and the reduction in the pressure drop across the ductwork as the system flow rate is
decreased.

This application is less common today with the advent of variable speed drives and the use of
inlet vanes to control fan capacity.

C:\33 BAS and Control Book in Progress\000 HVAC Control and BAS Book Publishing Format Ver
5\Damper.ppt

Contents
G.0 1 o o [ Tt T o P 1

G.0.0 StUAY ODJECHIVE. ...ciiieiieiis e
G-J Two-Way Control ValVe qps........cuiiiininiiiiii i 2
G- J-0 Style and Principles of Operation..........couuirieininiinsi
G.G Three way control Valve Qs .......ccoiiiriniiiiii 9
G.§) Valve 32§jg3200: 6g:qud[gt: $& 30008200z GEEQIUS[GES . vvurvrrinirinirir s 12
G.§.0 Valve 35g052000:6g:q[oS[g8s (SIZING) w.vuvvrrvirrrririntsisesieie ettt
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Chapter-5 Introduction to Building Automation System (BAS)

§)-0 Introduction
Building Automation System(BAS) &2005¢n 3280005358 320382 sub system
qpe equipment gp: $E service gp:o3  monitor cvS[gEa control ¥S[gE:sE Bde§3[EE: (manage)

c00csaqpe3a0g05 computer $& computer $05:0000gp: 03 226[gde) 0op5es005 § 0pdi00e0m
computer-based system [g6o0p5 Building Management System(BMS) 0pcods cal acp§oopdi

¢ §-o Building automation systems (BAS) & graphic qps

qoSeeadeacdopé control $E automation $05:0p003 26800058 gPipE ©dlulgd
adsgoonfogoopdn Comfort [gbgé convenience [gdq$: efficient [g8$ $¢ effective [30q§ conem
g5 2%:gg0 8505395 $C gboleg8EeS(energy saving) 3203053 saaddgieonjog0025i
3268000928 dffeqest od:gopgp: dFjeq(security)oopboopds BAS il saee3so0pd feature
0069 [g620p5
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§)-0.0 What is Building Automation?

Building automation systems (BAS) 0op5 32680005358 900385 equipment 1 system gps
$C service gp: o3 monitor cod[gEs control cpE[gE: $& 8de§3[eE: ©20pd peigp: Za0R0b
3200g[o0pd computer based system [g&a00u

60058 3268000528 =20dme0gPed pOesEqEpdn3gyp:(automated function) o3
BAS ¢ $05:adedjgC esonfgodeosoopdi smefiel 2p§§0d 2005e00nEa005am (comfortable)
[g0e3:081 energy od:gg c00domesmnt [gEusap§sod cdodq med: mpds o[gptcd cudfgls
(temperature reset) soo8:61 optimal temperature o3¢ 22833c80§ =:o[g B5:002:8E[gE: 020pd
automated function qpsgood BAS oo coSeeonCeu:8Eaondi odeeonlgodgypoopd BAS opé
0§e[gd doCaop) standard feature gps [g8e30005

A Metasys - Microsoft Internet Explorer B =1 ES)

Johnson Medical Center
All'temns Normal

Graphic "Focus |

----- EL Calendart
- N2 Trunkt
E-E@ UNTI
—2_| FParameters
-] Discharge Setpc
@0 Mades
|1:_| Mixed Air Setpoir
@-(] Economizer Sefy
#-(C] Damper Setpoin
E-C]  Cooling Valve
£ Static Pressure !
#-C]  SupplyFan Selp
2= Analog Inputs
@ zr
0AT
AT
DAT
RAT
- 5-5P
=~ Binary Outputs
LW src
W cwLeoP
LW eMOeCL
-] Binary Inputs
- Analog Outputs
=-(] Graphics
L@ AHUNItE
@ Johnson Medical Cente
=-  Programming

L= <l
< Y |

il monday*
Tuesday
‘Wednesday

Thursday
Al Friday
Al saturday

i Sunday

16 AHUnit 1

Normal

Gr C"Focus

= Do on- ==

0060000

s |f |

~

¢ §- Building Automation Systems (BAS) @l screen Q

Office building qps shopping center gpa 030000gp:  ©20p50320p5  commercial
32680005353 (building)qps [gB[o300051 Commercial building gpsei Building Automation System
g€ ool o[gpl:cd8Eq(flexibility)o? 3¢ =280o ogjo0pdi Motion detector gps dlo€aopd
automatic lighting control function gpss¢ intelligent security system qpsa0pd BAS @il oosepseoo
32805323 C:qps [gdo0pdi

005g ockigp: $& 005§ =0pbeqpiogE  process control  CROCigp: 320305
Programmable Logic Controller (PLC) gps0? 3203q[o300050
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BAS el so[g:6000 326005000:60p) 329/05gPied
(») Cost-effectiveness/saving energy
(®) Communication via bus systems and networks
(o) Comfort and convenience §§

(20)  Flexibility o3 [g®a0p5u

§-0. ) Building Automation $& Building Control o3ei ogofgp:qedep:

:268000920932038:§  automated  function gpssacopE:  elpqepdadag€  “Building
Automation” $& “Building Control” soalopC:odom  sa8anconig) 6[gplc86edbi ddedlumg
5692005 09p820602¢ [gdoopdur coleoopdi

a3eo05 Association of German Engineers 33861 2005¢0bgj0d20q) building automation
BoopSen 3680005280098 service system g3z 03E0m[gEs(measurement)  control
c0[gC:5¢ 8oes(manage)[gt: 0o0pd cpdesigp:a’d computer gpig¢ [gipdeo[gt:ot [gdoopdn o
328005 eudlggod(definition)saq  building control 095 building  automation  e30503E
ogpodaopdi Function 320:03:03  300360gpadeopbood cvda3eogl: [gdaopdi BAS o
commercial building qps§ odlofgd oobs0&[oz0005

FIRE u LIGHTING

Functionality “a‘{(ﬂ‘ Schedules

checks Occupancy Sensing

Detector service

Fire, Life, Safety PEOPLE MOVERS
Breakdown

Maintenance

Eﬁ;rs Traffic Performance

Integration \?O%N;UTE')'CAHONS
oice/Video/Data

Access [Hl—— o

Doors 24/7 Monitoring

Buildings m Breakdown

Occupancy Plant Tuning

Conditioned Monitoring
Car Park Utilisation

Feed Forward

ENERGY ﬁ

Utility Monitoring - HVAC _ .

(Elec/Water/Gas/Qil) Alr_—Handllng Unit

Tenant Building Boilers

Air/Water | | IF:’umps.

Heat — - - ans

Lighting —_ Wi—= Energy Control
QQ e — Variable Air Volume

Back-up Generation
Air Quality

$ §-0 BAS $& 900506652005 system gpig& v6ee0oE§E005 function gps
Building automation system 20p5 building &l B:e005(brain) $¢ opaopbi Component gps
Hlopropt soqCqi: :[gfeacpEeondagude(communication)aopd BAS &l ofelgd c3sabeom

3280 20g05[gdoopdi Bapdeomn 00509050 (communication)e§d [God$aopd system oode
o[gb6SES 0begC:Bail control system gpia3copds monitor cpd[gEes¢ control oSS ©[gdSE
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326800053588 system gz s90:0d:09 computer 0oodeo¢ operate cp68E205n Operator
oB30dem: eongogpd (monitor)eo:§EaopSi Component gp:sE device gps 30:00: 5500008 $C
3200000065[036005c0p5: 00d9 $E 00d9 information gp: =a[g&3acRESCRLS(exchange)§E20p51
Efficient [gbgo effective [90gno1 3268000520860 function qp:sC  process gp: 30300203
§058005002:00p9 80050905000:2005 system 0o6905: [gdaopS

BAS 03¢ 3268000535820038: system gp: 3aqCsqiCs Boopdd 3algp: 39680005 31§
system gps $& coordinate cpd[gEssE connect cY[gE: 020503 CloCoopSi System gp: 0od95E
o069 communicate cpS8E $p5: adespSe§oopdi
(0) DDC $¢& building control component gps ¥oodsoé sooda305(communicate)gEs

(J) Special DDC 9300pdb central DDC 900680¢ s0059905(communicate)[gEs
() BAS work station $& safgp: system & computer gpse s0053305(communicate)[gEso3

GBS

Distributed BAS gpsop¢
(0) Primary field panel(s) qp:
(J) Direct Digital Controller(DDC) qps vpesloogd intelligent controller qpss& panel gp: dlo€

[032005

Direct Digital Controller(DDC) qpsoopd standalone control system qpzc393 cpbesoné
£E[B mafgp: device gpist so0dogud(communication) §E2005 networking capabilities §oopd
Operator [gdecoqi€aopd pgSloregod(instruction)qp:eacdEs a3wupod control program gps3a03E:s
eantqod cu8Eeam programming capabilities copS:§oopdi ojopadean architecture og€ DDC
acd: & network 20038:§ node gp: sIadiel  so0da305ee:(communication)od 86083

(manage)8&2005 communication module dlo€oo5u

BAS &l 326[gd cpdesonaod(basic task) qpod 6320053l 22038: F[gr:8aoabi
(on) Data acquisition and processing
(®) Control

(o) Communication and information management §§
(20) Diagnostic functions o3 [gdoopd

32000501 pdeaotyEd(task)gpio’ caongod§Easanogod 6e005dl component gps
835620051
(o») Sensors and transducers
(®) Actuators and control devices
(o) Direct digital controllers (standalone or networked)
(o) Digital communication system
(c) Terminal devices (PDU, keyboard, etc.) §§

(0) Software o3 [g6205
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User
Interface

Building Automation

D%i

Centrifugal

Chiller Power Fan Systems
Boilers (Johnson Control,  Surgical Suites Fume Hood
(Honeywell (YorkTalk) Cutler Hammer N2 Direct) (Johnson Control, (Phoenix
Y {(Modbus) N2 Direct) N2 Direct)
Burner Control
Integrator) P i] ?
‘ Absorption Generators Fire Alarm l.ip?htin_g
- Chiller Caterpillar {Edwards {MICI:O'ItE
Pumping & VFDs (YorkTalk) (Modbus) Hardwire) N2 Direct)
ABB
N2 Direct

9
Building automation system o0pS subsystem gp: 0069giC:BadcopS: oodadsonpSs
[g8e30EedIEs0p5ie0:00001 ada8edICiopbieulgtad “Integration”cp&a005 vresl opbi Koe§Ee05
BAS system 0069632:00503¢ §8Ea00d service gp: 98600ra5 sub system gpzo? es30503E eedly

ooosoaéu

(o) Electrical power supply system

(J) UPS, regulated power supplies, and power conditioning equipment
(p) Standby/emergency power supply system

(g) Ventilation and air-conditioning system

(§) Primary and emergency lighting system

(©) Passenger and goods lifts/elevators

(Q) Fire alarm and protection systems

(®) Noxious fume detection systems(e.g. in chemical plants)

(@) Access control, intruder alarm and security systems

(00) Waste disposal and sewerage systems §§

(00) Domestic hot and cold water supply systems, water treatment plant etc... 0362005

§)-0.p Benefit of Building Automation System
32680005358 3EQE(building owner)gp: q§§Ea0pd saofpeoyaigpien
« Higher rental value (s298:¢2:0 qpaqps §8E20051)
» Flexibility on change of building use (¢5epa? 3208§2003 a[gpE:cd8Ea05 )
* Service 00698 03 AB0de) egEoIEDEE0RN
5-5



HVAC Control and Building Automation Systems eomio0d038,

Facilities manager qp: §§$€2005 sa0freorpagpied
e Central or remote control and monitoring of building operations
« Efficient use of building resources and services
« High productivity
» Rapid alarm indication and fault diagnosis
¢ Good plant schematics and documentation
e Low operating cost
¢ Reducing energy costs
¢ Reducing operational manpower costs
¢ Reduced maintenance costs & downtime
e Increased safety $¢

« Increased security o3 [gdoopSn
3268000520803 ¢2:q8:a5:80p(building tenant/occupants)gp: §§$E2005 saofpeoppqpien

» Effective monitoring and targeting of energy consumption.
¢ Good control of internal comfort conditions

« Possibility of individual room control

e Increased staff productivity

» Improved plant reliability and life

o Effective response to HVAC-related complaints

Summary of Infometrics Benefits
(0) Reduced energy consumption and energy cost
(y) Prioritization of equipment maintenance
() Reduced downtime caused by mechanical equipment failure
(g) Improved facility operations
(§) Ongoing commissioning of mechanical systems and control systems
(6)  Reduced risk of indoor air quality problems
(Q) Identification of profitable mechanical retrofit opportunities
(®) Improved occupant comfort
(@) Knowledge of facility energy consumption patterns and trends
(o0) Integration with information technology systems

§)-J Building Automation System Architecture

§)-J-0 Configuration

BAS system gp:o3 sp5:ea§pqelg¢ oopdesonndlogeamelopE Architecture soqjeq)s R[gp:
[0300p51 06 3a§pdElg configure cpdlogaopdi Functional hierarchy o c8abq) layer gps 39[gd
2005005030005

Building Automation system (BAS) hardware 20p5 microprocessor o3 socgde)
o0pdeeoadoonoopd(microprocessor-based)  controller gp:od  hierarchical configuration [g&
006e0€[32005
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Building Automation system (BAS) architecture o€ dlo€ 2a8m sacg(level) od:sen
(on) Management-level processors o%ecr;oﬁ Management level controllers

(9)  System-level processors a3ewod Automation-level controllers &
(0)  Field-level processors a3ewr05 Zone-level controllers o3 [gdoopdi

Web Browser

Management
Level

BACnet/Internet IP

Automation
Layer
Level

AN

> Field Layer
Level

|
Switch

Sensor Y.

¢ §-¢) Building Automation System (BAS) architecture & 2800 sacgo(level) adsdje

BACnet OPCUA server
client

@

~ BACnet/IP
network

Management
level

Automation
level

BACnet
controllers

Field
devices

Field level

O

<';> 9-@ Building Automation system (BAS) architecture &l 328 0(level) a?:c,ﬂl:

32000592005 building automation system 00690RE dlo€ecp§oopd configuration o3
eed|goonoopdi [gddeomag§aood BAS system [gde$320305 workstation qpsi controller gp: $&
field device qpgo Jlo&[: $p5:3apqElg¢ §ode005 (connect) conzaopd

Building Automation System 02696 configuration o3 eedjgoonsaopdi $05033[gd cudlg
conifgls om[gdffr wodeogopl  oobd0053qpieaon  workstation s controller  gpasC
[gseom device gp:ad dds§pqje(different architecture) [§& sacpon0y §ods005000:§E 2005
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3(9-9) $€ 0(9-6)20p5 Application controller 1 building level controller $& BAS workstation
00000 level 2%:§js 930005 layer adeje [§& 0opSea0n0d conto0pd Johnson Controls BAS Network
Architecture 0009 [§900001 65[g32005 level od:§r a3ewrod layer od:§g oopSeeonnd
cons00pdl 93ead 34,6000 BAS Network architecture qpsogE sacelzacolgp: $& sa0p5qp:
eop8logeon

(0) Management application 230005 operator workstation

() Supervisory controller &

() Local controller a3ewr05 DDC controller o3 [gdaopdi

Field control stationsi network control station §§ central management station oooé level
adedjp 930005 layer ad:§jfgEopds 0opdee0a8Ea00I

< Ethernet TCP/IP p Office Automation
Local Area Network

Dpaw ator
Nork Station (OWS)

Operator Workstation

s Building Automation
% Local Area Network > 1

Supervisory Controller

Direct Digital Controller (DDC)

% % % % DDC Controller
& "' ) Sensors & Actuators

Field Devices F\E|d Devices
$ §-q Johnson controls BAS architecture 00696 3acgn(level) adsdje

Web browser Server Workstation Workstation

Management
level

~

LON to BACnet router/gateway  Automation level controllers

| I I integrator
Field bus: Lonworks/BACnet/Proprietar :
| | Operator | / /Rtopdetary Third party

| Ethernet / IP
. 5
Third party

Automation
level

— .. terminal I I I I.systems
o B Bt = Field Ievel controllers
E = &8 =B & @ _ '
- LON controllers --i A - jﬁ #E2 controller
_E | Room
Plant controls controls
[ |;-i

. . ﬂ ma . ACIUEItD[S @ a

Sensors  Room controls Chiller Sensors and valves Fan coils VAV box

 §-o Johnson controls BAS architecture codgci sacgn(level) od:qjs
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6320059(§-0)0p¢ [goonsaopd BAS 2005 level coosdjfgEoopd: oopbeeonnd con§Eaopdi
20§)|,6000 BAS gpsope field level o3 field controller level & field controller level upg) 0066 Jfeps
0008005
(»)  Management Level
®) Integration Level
(0)  Field Controller Level $&

(@)  Application Level o3 [g62005

Operator
ManagementLevel u Workstation
—)
Ethernetor IP LAN

Integration Level R°”‘eﬁ | Gateway
»

MSTP LAN

i

Proprietary LAN

Sis=i= N ¥
DDC Controller

Proprietary DDC Controllers
o =0 = e QL aa
Application Level % Y )

BACnet-enabled Applications & other apps
6 9 Level coos§jg¢ oopbesonodaononpd BAS architecture

Field Controller Level

BAS system o3¢ 226s0005m330038:q system gps sanid: §odsoodqs Information
Technology (IT) 03 20%:gjo0n:00p51 Bes005> management level § computer oodadse sasd:0?
aB8:q) 60020005

System qp: 00695C0009 :[g83200S information gp: 6osda00d qpSe§iod automation
level § [gjopS&oopSu Control functiongpsa? process cpdq$eacg0d automated system 00930385
component gpsi device gps 82e08e0¢ a300p0d 30gPA30d Fopds(organize) cozapSi 820005d
Oqp2opE BAS 00696 architecture sagj§j:od eodlgoonzoopdi

Field device qpsgn sensor gqpsi VSD gpsi actuator gpasC valve gps [g8[o300p5 Value §&
Actuator qpzaop5 flow rate qpso? regulate cooq§ 520305 saad3g[o0pdH VSD qp:ad Gudome
[45552(speed)o? control cpde§3a0305 2a0ddg00RdH

§-J-J Field-Level Controllers

Field-level controller gp:og€ sensor qpsé device qp:od 0305805 §odsood(direct
connection)q$sa0305 port gp: Al§oopdn Field-level controller & memory saedlogE o36se0p5:
00080009 program qp:zacdEs control action gpsod 6eonEgod(execute)ew:aodi
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o8:00§ controller o6§j(stand-alone manner)gé 680oEQaS§E0SH 0o0E:  aged
Foodgp: oapudgS(exchange  information)ssog05 field-level controller gqpso? system level
controller $§¢ management controller gpsg¢ network [gdeeng §odsooSoooopd Field-Level
controller qp:og€ setup [gopdes $& adjustment [gpOq§esac05 Portable Operator's Terminal
(POT) o3 =paddgoopdn POT §odsondq§ controller o€ port Al§aopdi Chillers 1 boilers 1 air

compressor | generator 02009 equipment qps o3¢ self-contained field-level controller dlo€aopS

§)-J-9 System-Level Controllers
System-level controllerqpzaopS field-level controllergpzoon processing capacity deomEdogoopdi

PERIPHERAL D_ PC OR
MANAGEMENT-LEVEL DEVICES D— MINICOMPUTER

PROCESSORS
| ] ETHERNET LAN
OPERATIONS-LEVEL PC TYPE 'D PERIPHERAL D‘ PC TYPE
PROCESSORS COMPUTER _D DEVICES D_ COMPUTER
| | [ |
SYSTEM-LEVEL |- - T = = TO
CONTROLLERS | mc F | McC MC ES sensors | MC F | MC MC [ L SENSORS
- - AND = - AND
ACTUATORS ACTUATORS
ZONE-LEVEL
CONTROLLERS - -
AND INTELLIGENT —1 mc F —mc F
SENSORS AND - C
ACTUATORS (T}
SENSOR - TO - o
mMc E  SENSORs ) SENSORS
— - Pre — MC | AND
! ! ACTUATORS " | ACTUATORS
o1 vMc — vmc E
ACTUATOR B B

¢ §-00 Honeywell BAS system architecture

System-level controller & cpSc&sgpsed

(o0) Databases gp: 03§:0384g8: (maintenance)

(9) Operational information qps ece0nE:s 936:00004gEs

(0) Field-level controller qps & operation gp:03 coordinate cpd[ges $&

(0) Field-level controller ¢p:$¢ management processor 3a[o3r203E 900599056 (communication)
aeolelyesant ceontgodeuigts 03gdoopdi

System-level controller ¢ data gp: management-level processor &893 upload cpS[gts $¢
management-level processor ¢ application program qp: system-level controller aSofé download
c0d[g8: 0303 communication bus ©ode0¢ [gap&aopbi Communication bus qo53ea05 system-
level controller 20p5 stand-alone mode [§& 80050005¢) CRSCSigP:ad GsorEgndesSEaopd

BAS &l sub-systems [gdeoon fire 1 security 1 HVAC 1 EMS 0200503 =5[g§3ac08
0 s (integration)o) system-level controller 3390¢ 0|0q00001  powd fire alarm
050009(qé Eap€ [giowd P
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system o300p0d security system o 3ag0530005qP:a0pS system-level controller o3 Gepad§
[Bee5005 ACMV system ai field-level controller a898 eepadognieooopd

User Interface E:gl Management

| Supervisory Bus | Application

IT Interface
Supervisory
Control
Field Bus
Local I ' Control
Control Application
@E

Boiler  Chiller Fan Light
<’3 §-00 Johnson Controls Building Automation System(BAS) architecture

Distributed
User Interface WiFi _1 Application Servers
TCP/IP =l 'l
E ™
Automation - .l b
i |
Engines A i l s
ND MSTP - VAV
BACnet
Under floor air

!F ,J )| : J _____
" . | ;:'" i
ok .

. Fan Coils
Package units
Field Controllers

 §-0_ Johnson Controls Metasys system & wireless network 0od9 & architecture [g620p5u

Chiller

§)-J-G Management Level 530up05 Management Processor
Management level a300pod management processor o0pS BAS hierarchy o3¢

eolm[gads [g6o0pdn System 00b9adisE sub system gps s2:di03 038:q)6(control)8Ea0pS
8oe§3(manage) §Co0pSn Operator 20pS  management Level § workstation 1 server | Web
browser qpoo6s0¢ 8260009 information upd&aopdi 32680005358 0d9d:0? (0356005
2008 control cp68&a0p5i 3285 co:§Eaopdi

3268000920858 20056382005 3agi053C0dGPE 30:0d:03 pesooEgEs(data collection):
038:00054gE:(data storage) 1 historical data qps process cO[gEs 02050303 management Level

o3¢ [qiepdoogdn
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083262005 report gpzod [gEs0€ [gpersoopdi System oodpadezan: programming cpo[gEs 1
sequence cpd[gés 1 limit qp: 20050od[gEs set point gps copdeogl: 005 RSeigpiad
management level $ [giopSoopdi [gfgE 08§:0864gE: cwOCSigpz(maintenance management) |
scheduling cpd[gCs $& system oodoadsel cd[§iees(security)sé 2005a3E2005 vOCSigp: o3copds
management level 0p€ [gjcpSo005n

Wireless Network
Extended Enterprise
IT Environment
Internet
Browser ﬂ Ethernet E l | If Application
+ and Data
Wireless Server

Access Point
Wireless

. Wireless I
Building Controller

Field Bus

Field Controllers Field Bus
o VAV

j
Commissioning N _ " h:‘i:reless
Laptop Tablet PC P vy =

<°3 §-09 Johnson Controls wireless network

One-to-One
Receiver

Net
.. Sensor

Wireless Many-to-One
Sensors Receiver

= 5§

Sensordata rﬁe’i‘_—
communications =
4
/_'-"‘-\ o
Ethernet

®._ : | kot
.@) : . S, ﬁ One-to-onewireless
= 1@ Q) : sensingoption

Many-to-onewireless
sensingoption

A
: y
: ®

BACHet Wired sensing option

c} §-0p Many-to-one room temperature sensing §§ One-to-one room temperature sensing

Management level o3¢ 3a[gpseoon subsystemgps(multi-vendor systems)od software (g€ sacgod
ooy integrate cp68Ea0pSi Integration 832005 0o60I:0054gbeENE 6AIE:0pSgE:d Bcd
a0pSi Internet technology 03:0005cnge[opE 3260:006656pe G54) 2003§003 Bdo&3 §Eapd
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Operator workstation 20p5 management level 53¢ 32800036000 32805323E: [gdoopd
Operator workstations i function qPE 9?
(o) Graphics operator interface
(J) Generation of reports
(p) Storage of historical data (operator transactions 1 alarmsi trendi point history and run time
totalisation) $&
() Back up storage of database o [g620p5u

Operator Dedicated Special System

Workstation (DSS, e.g. elevator) Facility
Management
System
~ []

Management =
Level 4 =
pe——\ ]

"

Management Network
_ [—
E— Server Station/ —
=== Supervisory Gontroller &= :El
WAN tunnel to
remote subsystem
Automation Network
- |
O]
Automation I==1| oDC stations/ —
== i ' e
Level Unit Controllers DSS (e.g. fire =
alarm panel) T L
Field Netwark Direct
| connection

Field Level ? X® ?:Q\E q]@

{) §)-0§) Building Automation- Three-level functional hierarchy

00656e0503E management level 20p5 stand-alone PC oodadzom [§98E00d soeog[ge
so§eogodoopd(sophisticated) SCADA o300pod sonongpigé oopSesonndoonoopd 8&E:(server-
based design)§jzcopSs (468005

Printers 1 plotters 1 video displays 1 touch screens displays | keyboard 1 mouse oooé I/0
device qp:a0pb management level 0Edlo&aopbi Field level § point gp:eda3 2288e0dgE: (issuing
commands) $& egomgp: comEiunlgls(data requesting) 0o0pd cwSciqp:od management level
03¢ wEABE eeonEgndaopdi

Management-level processor gp:o0pd  g&3aCadgq(energy  usage)  copSLAGE
opSoqo§od(operating costs) s& alarm activity generating report 0005 869839 (management)
$C 20058382005 39I0H3C0AGP? 9esorEgEs(collection) 986:0p54gE: (stores) & historical
data gqp:03 [gip[gEsoC[gEs (processes) cpSesiqpiad eeonCgndeusoopdi odsa(qé handling alarms
executing applications programs $& handling daily activities ©20p5 coScSiqpicopds cpdesont
60200001
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Management-level processor qpsooé sequences I limits 1 set points | times 1 system §<§
field-level controller gp:@i parameter c[gpEgs qod[gEs 0205 system programming coScegps
eaon8god00pdi Management level ogC sofgpseoon vendor gpie system gpio? sacgubooop
integrate  p68Eo0pdn  Management-level og€ system oodocdiel  cOeqe(security) [gfgé
038208626 qpdcsgps(Maintenance management and scheduling)$¢ alarm notification o3gqps

[g10968E 05

Building Performance

Control Monitoring Control Monitoring Control Monitoring
Minimize Decision Total Decision N/A Optimize
Energy Support Building Support Availability
Cost Response
Administrative Administrative
Documentation Documentation
~— _

Roles of a BMS in Maximizing Building Performance

¢ §-06 Building performance

BAS o3& dloCoopd layer qp: $& 20056882005 protocol gpisé standard gp:od eodlg
cons00pdi Building Management System 20p5 3360mE:00: building performance q§jg$sac05
energy 1 operation $& maintenance cpbeagpioz05 control cpdgEs $& monitoring cpd[gEs oYyt

32600005330[gI00d ewdlgaon:aodi

Global
stralegies

Centralized
manual

Cost
! allocation

Manage-

ment level Control computer

Automation
and Control

Comfort
Economy
Security
Safety

Primary control
functions

Control and regulation Building control
components

¢ §-00 Hierarchical structure of building control systems

Access
Control

Intrusion
Alarms

Manitoring Fault
detection

=
l)
fg)?@
OOG
<;> §-0q BAS overview
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6.9 Building Automation System &il 22¢(gé cpbeeoEqjadyp:(Baisc Function)

Building Automation System & basic function QP2
(on) Alarm detection/management
(®) Scheduling
(o) Trends (short-term storage) and historical data (long-term storage)
(o) Totalization
(c) Optimal start $&
(0) Custom control applications o3 [g620p5u

§)-9-0 BAS Trend logging

Trend logging 20p5 2203§000d parameter gpsei 00§8:qpea? [3pd0c34$ (intervals
of time)a005¢0dg) record cpdgEgdaopdn Temperatures | flow rates 1 electrical power $& cooling
demand 02005 parameter gp: 00§8:0005 Fa6e 030000 agdgPgbeaelopE trend logging
c0660p§o0pdi Recording cpdopd 3a§§ea038:mom (interval)oopd 0068500 0] $6§0§ 3203
200569058E20p51 Record cp&aon00pd 630004P:0d “Trend Data” vpesl capdoodi

1600

1400

1200

1000

Power demand (kW)
o o
s g
(=] (=3

AN

,| Maximum power demand for the hui\dingl
/

[N

[

\

|

\

S,

C

Cooling load (RT)

800

700

600

500

400

300

200

100

f\{")'/- Meorning pull-down load

: N

L EE S L EEE S LESIES S AP SO S P
& A A N 3 O 0 P H O DO HOHHH0
SNty e RGP P @.’9.@.@5 m@&b\_\&\_\@&mfpm@ﬂ;pbgh'pﬁq%rb STASh TS

Time

¢ §-0@ Trend data of building power demand

Time

:2e2gpegqs (trouble shooting) $& g&:328eg0m8E005 3ag8sac0digps(energy saving
opportunities) gpegq$esecg0d trend logging apEoo:0005 3agI0d3cLAEP:0? 32034g 8 Ea00I

0(§-0R)20p5 BAS ¢ 0005090020009 trend data [gdoopSn so[gEed: power demand 2005
$$059550§(8 a.m.) $& (00)$0§(10 a.m)safogropd [gdedl3o0d sescncdmadel salgEad:
cooling load 20p5c0pS: $505650§(8 a.m.)sC (00)$0§(10 a.m)safogrort  [gdedl $o05i
032905 $090503 322%dqie] 22[gCsd: power demand $05:e330EE0m power demand 820305
0q008e0582:00% GaqRsP5:e3ME [gIapd8Ea0pdn Chiller plant o 8sb3a505:cdd [Bewtdgt:
[s& power demand cogpspSiesant [gjrpd§Eaopd

Trend parameter gp:ei 00&3:qp:0d record cpdes3a005 memory esep 832620001
Analog trend gpzoopd digital trend qpzcooS 3¢) memory 3260l03€ G5epGnuraopdi Non-linear

analog trends (such as thermistors) 680 220305 033260005 memory csepoopd linear analog
trends (such as 4 to 20mA sensors) 0005 $dso Sgp:oopdn Parameter ood90d trend cRoQS
2005600508050gi€ (enable cpSq€) module © memory GsePsa§|,03 ©udaoiELzEdN
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19.5 4

<‘a
(
§
%
>

054

150 -8
3]

100 n [l_\ l[\ -

5,0_

N P P P g P o o
USMIR SHROS oS o P o af® o o o o o
Q;\’\\ \".‘J\ \‘:)\ \"lﬂ \9\ \\’\\ o \’5\ \6\ -ﬂ" %\\‘3\ Q,\q'\\ %ﬂ,'b\ Q’\qﬁ)\ﬂ' q:\\ rr_‘b\ eb’\\
B Consumption - Current Period —— Demand - Current Period —— Cooling Degree Days - Curre. ..
B Consumption - Previous Year Demand - Previous Year Cooling Degree Days - Previ...

¢ §-Jo Trend

Memory Storage

agl6edencham:  godeomod(power failure)aqi€ trend esoogp: 8d:g:  ogrscB8epd
:odeopéadeadd trend esomgps 20p5 volatile RAM edlogé 986:e0p5: conseoonelopé
[g020p51 RAM 2005 battery $& §ods00d econseon Function block gp:aopS controller @i non-
volatile RAM a3l og€ 038:e005:000:00001

Firmware $& module driver 030005 controller & Flash memory edlop¢ §esfooopdi
poen controller § 1Mb Flash memory $& 1Mb RAM §oopSedagi€ module driver $& firmware
032005 1Mb Flash memory edlopE§mq: GFBs $& trend esomgp:aopd 1Mb RAM edl§

0300051 RAM 61l 006805006630003 300ddgjgSeviaonzanpdn saadigigCedoopd esepowanangd
module driver &l sogoSsa00: 3260l 03€ o055

Operator Workstation

GX-9100 Software

Comm Port

RS 232 T\I.etworked DD(;s NCU/RPU

RS 485 Convertor

DX 9100 XT /XP 9100
(;) §-J° Johnson Control BAS Network Architecture

§)-9- Data Analysis and Report Generation

3268000520858000538 005 data g3 9esorEigEs(collection)oopd BAS system &l
codes(function) 0od9gdo000n Data qpesan:ads00pd saadio8eon information 22(gda3 cepades
320905 processing cpoqs 332600001 A3 information gp:o? analysis cpde amaq€ report
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2[g698 cepodo0pdi 32680005358$E 20058E2005 report o3¢ energy consumption/equipment

failure $& alarm o03dlo&aopSn 00dgie5 click COS§[E 3203§a0pd report gpsgo cpodeu:8E[gEso0pd
BAS system @il 330:000j05(g620051

Seven Essential Reports

(o) Big Picture Energy (normalized use and consumption)

(J) Consumption (details by energy type)

(p) Production (including efficiency of production)

(G) Electrical Energy (usage, peak demand, reactive power, power factor)
(§) Energy Cost (easy to configure overview)

(6) Equipment Runtime (hourly, including number of starts/stops)

(Q) Load Profile (demand profile by day)

Other standard reports may be:
(on) All point summary
(®) Alarm summary
(o) Disabled Points Log
(v0) Single System Summary (single AHU or single chiller)
(c) Controller Status Summary
(o) Applications Summary

6220053 summary gp:o3copds BAS © 000560:8Ea0pd

(0) Point summary (G) Lockout summary
(y) Alarm summary (§) Off-line summary
(p) Limits summary (©) Override summary

Applications Summary

(0) Alarm detection/management (§) Optimal start

(J) Scheduling () Custom control applications
() Trend logs/Trend Summaries (@) Demand limit / load rolling
(g) Totalization (o) Tailored Summaries

BMS software ¢ system report gqp:go? [g€eo€eu:8€a0pdi eudlg(display) co:8€aoSi
Print coobeos8Co0pdn Data gpso? point status [gdcopdicomEs oo&ds(value) gps 33[gd
copdieomEs coadop(archive) 8Eo0pdi

§)-9-p Totalization
Fan qpa pump qpssé building equipment gps $08§ediE: opSqieents§:0005 (runtime)od
238qs 832600051 o80oon AB equipment 250305 0CengPepd [gfgEadsiadigad [grpd§e
c8%opdi eenCGeoopd §o§ellCs(runtime)s od:§o0pd gdimatownangp: sps00delgod eedlts
conigb:od  totalization pboopd  wpesloopdn g8l ©pdgadiaopSad  BeSaaogadaopds
totalization co6q§ 3005
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Totalization o3:§j §oopdu
(o) Analog — calculates consumption from flow
(J) Runtime — counts elapsed time in a specified condition

() Event — counts number of occurrences

§)-9.G Scheduling

Equipment qp:  ocwaligls(starting) oBewnod  qOsaegCs(stopping)  ©20503ggp:
:20deagpod [gopde§eacgod scheduling feature o 3203g8Eo0pdn §rgCaod(weekdays) §gdod
(Saturdays and Sundays)$& [g§008:08§:805q05(holidays) sanscdsmacgod aodsben(one year
calendar) equipment gp: cenC:q$i §OqS sagjSavm: [girpdaon§Eanpbi

83260000 8l :FE0S ewl:EEls 0cdoopd =dl qodqt: qOs:8E[gEelopE
gE:aCod:a0d eaqpg$Ea0dn Builiding ¢ cooling load c8325qi0503 c30dq) chiller $& AHU
qpod 00d0ds{8s 00bd: 32908e0¢ oS aogE cedE:8E000

0§, comme[gIesqpop  =o§|,6o0  equipment gpod  [30ewnigl:  9Bewpod
650050qeenCglyC saeemnndmadici performance SeomE:8Eo0pbn pows office building §

oos8iones $505038 chiller $& AHU qp2o? eunliesoqeaqs saspbicudeong) eentieno§oodi
3200056[opEadeadd 0656558 00s665654PI03¢ 2068000535803 SodaonieamelopElgdoopd

00:00 06:00 12:00 18:00 23:59

Tuesday

"Wednesday*
Thursday
Fricay
Saturday
Suniday

 §-JJ BAS 03¢ copdoozanpd schedule ood9

Scheduling feature 2005 manual timer cood s2addge$ 3¢) agudon[d: Beepadaopdi
Central workstation ¢ 0o6s0& schedule gp: copd[g€s [gE[gEa override cvd[ge: $& qodlge: o}
[gc968Ea0051 Q0§ centeq§ 0ppBaopd equipment gps o3 0o8[JE505 schedule copd&Eo0pdi
0069gIE: copdgsecSeo
Time schedule [§¢ e§o€onq§op¢ (later date and time) 6sonEgr5$§E2005 CwOeSigp:

(o) Start and stop a point

(J) Change alarm limits, warning limits or set point

(p) Lock/unlock point reporting or point control

() Demand limit target setting

(§) Load rolling target setting

(6) Trend point enable/disable for a point

(qQ) Totalization enable/disable for a point

(®) Alarm summary
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§)-9-§ Equipment Interlocks

BAS o€ interlock feature gpscopSiclooopbi Equipment qp:o? sp0e(group) doondglsgé
;opony &gt Bod[gl: o3 [grpb§Eaopdi Equipment gp: oged8e3md | coniageped
m&seoseant(safety) interlock cpbe$ 833600051 Boiler o3 air intake $& feedwater pump o3g¢
eons 2gepudmntieoieant interlock cpdes 832600001

Exhaust fan $& supply fan o303 interlock co6q§ 8020051 Cooking gas valve $&
kitchen exhaust hood o3copd: interlock cw6q§ 83260005 Chiller $E chilled water pumpi
condenser water pump $& cooling tower o3[g¢ interlock p&q§ 332600051

- | .
m = Energy Management Information Software
= Gé b‘l

Users: all access
EMIS via Broswer:
Engineers, operators,
accounting, energy

managers, consultants, l]’ ‘\ &
residents, etc m P

Manual Data Entry
(if necessary): utility
bills, for example

Database

Data Acquisition Device
Performs data collection,
and storage, then transfers
data to web-hosted software
via various communication
options, including cellular,
Ethernet, ete.

Electricity via pulse output ~ Water via pulse output Gas via pulse output

New Electric, water, gas,
Existing Utility Meters or thermal sub-meters

Q 9-Jo Bmoqp:(meters) I data acquisition device §§ energy management software

§)-9.6 Metering
DDCs qp:eil data acquisition capability o3sa03qqe] water consumptioni Power
consumption ©20pd utility qpzadsggs:od a3q§ 8omaad saaddg§Ea0pdi O(g- Jp)oopd energy
management software o3 saad:gjs] Somogps(meters)e 63omEPI? 203eaqPad quRd[gdaRSH
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§-9-Q Monitoring
equipment failure o[gdoC [3jooEq) Besa BAS system oo cpbeos§Eaopbi [gocosn

[9e52005 equipment 8803 cepadeaNt agnigs ©add Besantaro8Eaodi BAS system ¢ (ol
320060006009 (malfunction) equipment gps=acgod alarm gp: deoggE:oopd  monitoring
c00[gE:0E[gbo0pdn alarm & saeqEBig 260 0oopSe) ©pbana833 3qepdad [p3oogs] a0odedd
con:q00pd1 3aeqE3k0pd alarm gp:od SMS Jgla e-mail J[gC:odcopds [grpS8Eo0pdn 9obonss
g6 038:e0p5:q§ print out coS§E0p5N a0p§Eacgs eeodiean alarm qpsgdag€ operator ¢
qoo[gE:B§[Bs c3m600p5qp:0d 6eongod8Ees 320305 visual Bowrdd audible signal gpigé
[4€209632081 Begudesant cpodeuseopdi

§)-9-© Graphic
BAS 006903¢ 6320050 graphic gp: doenp§oopdi

(o) Main screen for each building

(J) Flow diagram for every air handling unit
(p) Flow diagram for chiller system

(G) Fire/security plan for every floor

(§) Plumbing system diagram

(6) Electrical system diagram

(Q) Vertical transportation system diagram
(o) Point history graph for all analog points
(@) Real-time graph for all analog points

¢ §-JG AHU oodad:ei graphic &
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(- J§))0p5 BAS work operator station og¢ [g€qeoo graphic [gdoopSu Chiller water
plant room § equipment gp230:03:03 graphic col0gE Gwd{goon:0pbn vpdo0pd chiller 1 epboopd
pump $¢ ©pdaopd cooling tower of cedCie5200003 Gudlgoopdn ¢ System oodad: & chiller
00bd:q|C:861 operation parameter gps o3c0pd: Ged[goon:aodi

Damper
% Open

]
— 0%
—

50%

i

90%

14,85%

¢ §-J6 VAV Box § damper qpz g&oopdep8EsSs(opening percentage)
§-9-¢ Alarms
Alarm qps 926[03pE:03 32083(00) g€ 326005805 Gudjgoomzoopdi

§)-9-00 Maintenance Scheduling and Inventory Control

Maintenance scheduling §§ inventory control o%:né database management applications
qp: [g8fo300p5n  preventive maintenance schedule gp:o3  [030E[gEeofoondd: database
management  application ~ qp:c3¢] maintenance  personnel 220305  PRS[orgIEdGpP:
00de:§Coopdn  =a8ogpSyps(parts) cpodopfgls  9B6se0pddgls  ©o0pd inventory  control
c5cseqps Ga000dgEdeLdEandi

§)-9-00 Controls
BAS ¢ advanced control programs §§ energy management program qps sgcﬁsooql

eaontgodeos §E20p5
Reporting [gopoq§eecg0d 683053l summary gp:od BAS ¢ giodgit: co:8Eoodi

(o»)  Point summary (vo) Off-line summary

(®)  Alarm summary (c) Disabled summary $&

(0)  Override summary (©) Custom summary o3 [g6205u
§)-9-0 ) Software functions
BAS &i software function qpsed

(0) Configuration () Monitoring

@) Commissioning (§) Commanding §§

(p)  Data archiving (6) System diagnostics o3 [gdoopdi
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§)-9-09 User Access level
BAS 03 access cpgEad saso(level) clisoglgE §laps 20050cb0o0001
Level 1 = View Data

Level 1 access 03620pd user 2005 data qpzo? [03p0§090 [73058E 2051

Level 2 = Command
Level 2 access o3qoopd user 20pS equipment gps cenlqfl qOgS 00000 28§ (command)

60:8E20001

Level 3 = Operator Overrides

Level 3 access o3 qaopd user 20p5 equipment gp: GenliqSi qO0qS =o§8qp:od elpEfgts
setpoint qpso? e[pCigta valve gpisC damper gp:o3 override cpd[gés ©a0pd3ad GeonEgod
§E2005

Level 4 = Database Modification

Level 4 access 0362003 user 20p5 database gqp:0d e[gpE:d8E20051 Modify cp&8Ea051

Level 5 = Database Configuration
Level 5 access 0362003 user 20p5 database configuration co6§Ea0pS

Level 6 = All privileges, including Password Add/Modify
Level 6 access 0362003 user 2005 32[4Cadg6[Gs 03gsmindio? caontgrd8Eaobi
§)-G Question

(o) Explain the difference between building automation and building control.
(J) What is an operational system interface?
() Why are most commercial buildings nowadays equipped with building automation?
(G) Is“Limiting Peak Demand” an energy saving function?
(§) Give examples of energy management functions that can be used in hotel rooms.
(6) What kind of comfort and convenience functions can be implemented in a private
residential building?
(Q) What are the advantages and disadvantages of using standardized bus systems and
(®) Networks in building automation?
-End-
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Introduction to Building Automation System(BAS)

Contents
§.0 10T [Tt T o 1

§).0.0 What is BUilding AUtOMALION? ......cooiiiiiiiiiii
§).0.J Building Automation $¢& Building Control 0361 ogo[gosqodqs . .uuvrsresereiieisnssisisssessss st
§).0.p Benefit of Building Automation SyStem ...
§). Building Automation System ArchiteCture ..o 6
§):J-0 CONfIGUIALION ..cutiiiiiiiiii
§). )+ Field-Level Controllers ...
6. -0 System-Level CONtrollers ...
§-J-G Management Level 2300705 Management PrOCESSON .......cuuruuirrsnsssssessnsssssssssnssssssssssssssssssssssssssssenns
§)-9 Building Automation System &l 226[gd c06ce0EgEdGPs(Baisc FUNCHON) ...u.vvvvvvvieienieanee, 15
§).0:0 BAS Trend 10gging .......cveeiiiiiiiniminiinii i
§)-9- Data Analysis and Report GENEration ...
§):0:9 TOtAIZALION ....ucriiiii
6):0:G SCEAUNING....cciiiiiititin
6)-0-6) EQUIPMENE INEEIIOCKS ...
908 MELEIING....vuriiitctctc et
§):9:Q MONILOFING ..ovviniiiiiin
§)-0+0 GIAPNIC .
)R AlRIMIS s
§)-9-00 Maintenance Scheduling and Inventory CONtrol...........ooiiiiin
§):0:00 CONEIOIS. ...t
§)-0-0_J SOftWAre fUNCLIONS ...
6)-0-0D USEI ACCESS IBVEI ...

§)-G QUESHION ...eviuiiiiiiiiin i 23
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§)-0 Introduction 1
§).0.0 What is Building Automation? 2
§.0. Building Automation $& Building Control o3&l ogofepeqiodyp: 3
§).0.p Benefit of Building Automation System 5

§). Building Automation System Architecture 6
§).J-° Configuration 6
§).J-J Field-Level Controllers 9
§-J-p System-Level Controllers 10
§-J-G Management Level o%pcr?or‘i Management Processor 11

§-9 Building Automation System &l 326[gd cvSea0nCqipdgp:(Baisc Function) 15
§)-9-0 BAS Trend logging 15
§-p- Data Analysis and Report Generation 16
§).9-p Totalization 17
§)-9-G Scheduling 18
§)-9-§ Equipment Interlocks 19
§.9.6 Metering 19
§)-9-Q Monitoring 20
§)-9.© Graphic 20
§-9.¢ Alarms 22
§)-9-00 Maintenance Scheduling and Inventory Control 22
§)-9.00 Controls 22
§)-9.0  Software functions 22
§)-9-09 User Access level 23

§).G Question 23
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Chapter-6 Direct Digital Controllers (DDC)

(.o Basic Feature of DDC Hardware Component

Direct Digital Controller (DDC) gpsaopd microprocessor o3 226(gdg] 0005680005002:0009
controller gpigdlogfd: copdoosoopd program gpimacdE: physical process gp:od  control
c0688a0pbi DDC gp:ogé hardware 1 software $& firmware o3 ClooopSi DDC gps 205
standalone controller gpggd[Gs 2203§oopd control task o3 [gEoe ocddondewoadel [Fmd
8Cseoq(supervision) o3 cpbodEesmntged cudEaopd

Mixed Air  Return Air Outside Air  Supply Air Supply Air Supply Air  Return Air
Temp. Temp. Temp. Sl. Press. Temp. Volume Volume

E] Input
devices
11 | 1

A/D converter

Direct Digital Controller

D/A converter

Supply Fan Speed Control, '_* v v
On/Off Control Output
C®> devices

Return Fan Speed Control, Economizer Damper
On/Off Control Cooling Coil Valve Position Control
Position Control

Q G-o Microprocessor based Direct Digital Controller(DDC)

DDC gpzo0pd sa§je§jeoon control task qpzod oofgEs05 6e0oEgnd8E0pdmelyt data gp:
cod[gla quplgCiooopd networking capability gp: 8E3Eo0p0n 0obsobiemigE  networking
c068Eg8: §oopdi $(6-0) 2005 DDC 00d95E 03] §oD90058E005 sensor(input device)gp:sE
controlled device (output device) qpzo? ce5gaon:aopdi
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DDC 00d90pE communication cpb8E2005 interface qpsgo Al§oopdi
(@) A modem(modem port)
®) A Local Area Network(LAN) terminals

(o) Other operator interface devices, e.g., serial communications port for connecting it to
a portable PC for local programming and re-configuration.

240V a.c.
mains
‘ Program
@ Inputs Outputs
© —P —>
1 |ram| |Rom| | N =
CLIIonﬁlt ? 8_ ' DDc ’
24V supply g
5
o
c
888888 Display g
2 Metwaork OOCDO Keypad E
5 terminals Q
[=] -- )
L. A
Input circuitry Cutput circuitry | s Wie service card |
L T A FEF ' oo o
i (C0.C)
input terminals output terminals
-_l":;u i L[ e ITITIT) |
“m ——— g .
Sensor -
Valve
¢ 6- Direct Digital Controller (DDC) communication interface
Data bus
Address bus A
r-—---"-"-"-"""""=-"""""""" A
A 4 vy A | |
Y v v | |
| Temporary store |
A memory A I or registers '
| |
1y v ! :
Y RAM ROM ALU I |
A\ \4 | |
| |
Control | |
unit | refP | ALU |
A A I I
v : |
Input unit | < »—{ output unit
b Control bus % I :
| |
| |
| |
| |
| |
| |

Control unit
Actuator
Valve

Q @-9 Block diagram of Direct Digital Controller Q G-g Microprocessor

Sensor

DDC gps 00695¢ 0069 030005 network 32038: node gps 00695E0d9 F[gSsacns
s0050305(communicate) $Eq$ DDC 03038 Befgzsdlodgpe(unique number) 2005¢05002:20001
aB40lodgp:od address o Gal 005
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Microprocessor 20p5 Direct Digital Controller (DDC) gpseil sac[gdoqeon 32805338:
[g©20p5n Microprocessor 2005 3a0g§ea0scud200d micro-electronic chip [gdoopSn 8c8op&(silicon)
[5¢ [glopOooraopb large- scale integrated (LSI) circuit [g&o0pSn Microprocessor 20p5 Direct
Digital Controller (DDC) &1 8:6§205 (brains) [gdoopdi

Microprocessor 0¢ 3280 22805328C:qpig> dloCaopd

(o»)  Micro-electronic chip

(®) A program memory

(o) A working memory

(o0)  Input/Output module

(c)  Aclock or timing devices $&

(©)  Arithmetic Logic Unit (ALU) o [g620p5u

Arithmetic Logic Unit (ALU)20pS edlCagabiagnadion: 0o0pd 0g05gi05qqps 22[g€ logical
decision gpeadcopSs [giapbeosoopdi Control unit aopS microprocessor GeonEgodaepd cpdesqp
200538ep  FBondooeepsdgo(d)(electronic  chip)gp: $& memory oo 6s0dEGEdeERd
cobcsagpeod ABS:qud(control) Gosaopdi ad3ag€ program oBogé Gepoon:a0pd  pR&[oFPegdYp:
(instructions)o?  328¢0SgCalds) §E:00m0009 control function g} 680205g0HGL:200N
Temporary memory 20p5 memory 3acoSo2:0004¢ [gd20pdn

CLOCK
PROGRAM WORKING
= |~y
MEMORY MICROPROCESSOR HEMDRY
o
COMMUNICATIONS BINARY [
PORT INPUTS & |35
OUTPUTS |
]
ST NeuT | = SENSORS
CONDITIONING ANDf ™ MULTIPLEXER | == AND
A/D CONVERTER =) TRANSDUCERS
=t
OUTPUT - | TRANSDUCERS
=1 D/A CONVERTER || MULTIPLEXER [ AND
> | ACTUATORS

<;> @-g Microprocessor controller configuration for automatic control applications.

6.0.0 DDC Power Supply
DDC gp: 350p600668320305 24 V power supply cog$ 83620051 o3 24V power supply
o3 o) sensor gpod drive cpd[gCs output control circuitry gp:o? 320060pEe0000m DDC
2038:§ micro electronic circuit gp:o3 low voltage dc supply [§¢ sacpSapbeoaopdi Gessiss
5Vdc [g20pdi
DDC 03 Go:c00:0009 power supply o3 [godeoma5c8050005ses] DDC 320388 memory
qPee20R05 backup battery o power coodeosoopSi o3 backsup battery power supply o§ g€ DDC
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RAM 3303E:§ control program qp: qodog:cddepdi adeloppé backup battery 0p5 8odqiq[d:
(reliable) 2005006:qp5qepdn Power [gSoqel sag§ecnls cdeanodaopd power 03 cpodeu:§E
q@é“

2§|,6000 DDC gp:cp€ re-confugration cpde$sS information gpsod cudggseecgod
keypad $& display qps Ol§oopS

I Pro[?;‘a'::;ning | Personal Computer |
NS

| Power Supply I__.. CPU ..__LI Program Memory
4 1
7

Input/Output
Module

Input Output
Devices Devices

o -6 Controller

Componment Data Memory

€.0. J Microprocessor (CPU)

CPU gpzo0pd Dual-In-Line (DIL) package qpigdlogoopdn 16 pin a3wupod 64 pin (&5
CPU qp:og& control unit 1 CPU memory Arithmetic Logic Unit (ALU) 1 CPU clock unit 1 DDC clock 1
adddress and data bus 1 DDC RAM $& ROM 03 Glo€o051

(o) Control Unit
Control unit 2005 microprocessor ALU $& memory chip 03286000 3a[g: chip gp:ei
operationo? control cpSeosaopdi Micro computer & function gpzo? p38E:(co-ondinate)
cozoopdi  Program o  ap§fogpeqiod(instruction)qpso?  control  function  [gbesné
ceonCgod(execute) Gozoopdi

(J) CPU memory
CPU memory 2095 resister aACqpsgo[g¢ ce000500500280005 memory sacoSen:
oeodgb[Ge sensor data 1 point name ©a0p5 information gp:o? 936se0p5:0026030000H
ALU $C control unit 03 320000p0qs cB=a600pd program instruction gpadcopSs
236290052 con:G0200p0

() Arithmetic and Logic Unit(ALU)
Arithmetic and Logic Unit(ALU) 20p5 @dl€sg8s(addition)  efgpod[gs(multiplication)
000pd  opodgEdg(calculation) gpso?  [giopdeusoopdn  egeqiud[gs(selection)  [3:0d
codcd05 of[gs(sorting) $¢ §E:0nS[gEs(comparing) 205 logical decision-marking
process gp:od [gipdeosaopdn Sensor $& tranducer qps 0205 input device ¢ data
qp2od ALU process [geodeoggs control output command o3 cocbeo:a0001
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(g) CPU Clock Unit (Timer Interval)

Quartz crystal ¢ 090500005 pulse gp:o? control unit qpedad cosd[Ge 3a§$e(gd
adq§ $C microprocess ¢l operation qps synchronize [§06$320305 60320001
Clock unit speed 2005 processor cycle time 22go5303 2005005600051 Machine
cycle time opcopds Gal copdn Program instruction qps eeodCgod(execute) cpde$ basic
speed copds [gdoopdi

(§)DDC Clock
DDC clock 20p5 CPU clock unit ewpoSoll DDC clock 2095 real time clock [g6[8s CPU
clock o eenlieoiooggls [gdoopdi CPU clock 2000 eg1 qodg1 328§ ©20050303
©05000860:20001 oJejoxpé DDC 205 building equipment qpggdean fan 1 pump o303
schedule gqpsi time program gps3203C: 30p6pEe00R5I powd>- DDC clock o3 plant
og€ automatic switching co6q$320305 timer 3a[gd 3a0d4gjoopdn pows- poonadoRE
8z (ligh) gp:od 8odeodgls holiday o€ equipment qpzo? gOs:e0(gE: 03[gdaopdi

(©) Address and Data Buses
DDC 30038 microprocessor $& onfgp: chip qp: =ofogpsogE connection [gbeoq$
address bus $& data bus gp:on GeonEgodeo:aopbi DDC memory 220p8:5
a38:000:000 data g program instruction gpo? epboopdesepar 936:qepd
Bo0pb esep adddress o33l 8dcosqoopdi pown- sensor 03320305 3053 address
§90p5 32[gE memory set edlop€ BEeopdiq§ esep(storage area)copd: 2005005
GosqodI

(o) Data bus qpzo3 DDC chip so038: data qp: transfer apde$ saaddgoopd
(J) Address bus 20pS memory edlopE data qp:  93Gs00m:00p65ep0d R8[deS

a3e0r05 prpgram instruction qps 936s00n:00p06sep0d AR8qeS 30305 3a0%dgj005!

(q) DDC RAM and ROM

DDC RAM $& ROM o300p5 CPU memory coob G[o3kenioopbn o3eood CPU
memory ¢aono[g$esnt :2006ecrd8Eaor
Random Access Memory(RAM)

Random Access Memory(RAM) o3 data gp: ocn 038:0005:98 (temporary
storage) 320305 3203ggjo0pdn powd - DDC application program gps configuration
information qpss& computational result gp:o3 acn 2B6se0p5gEs [da0pdn wadooggEs
[§®20p51 RAM cil03€ ©odaon:aop information gqp:o3 application software vpesl copdi
o3 software o3 programmer qps 6{gpE:0d8Ea001
Read Only Memory(ROM)

DDC 320305 standard control program qp:o? ROM edlog€ 238:cons0000u
Standard control program gpie> time schedule 1 On/Off control $& PID oo&3:qps
[020p51 ROM edlopE routines o o86s0004G: RAM colog€ application software $&
configuration information gqpso3 986:000:0000n Application program run g§c3s26000%
information qpsg®aopSi

6-5



HVAC Control and Building Automation Systems eomio0d038,

ROM @dlog€faopd control routines o8wwpcd program gpsod  firmware

oeslaopdn o firmware gpsod programmer qpzon [gIgEEE: e[gpEcd[ge: [grpdes
og8&eol

G.o.g Microcomputer Structure and Buses
Microcomputer o3o0pob Digital Controller (DDC) &1 22800 (036000 32805 228C:qps(main
essential components) $& :[g§3o00§ s00d0desd(interconnections)o? 3(6-q) 0z€  ewedlg

008000
Microprocessor
=
__________ a =

I_ | = & T T T T T T T T

| | 17 i

' I

' ’/l\:q_'_l_l_' PR
I I ——
, RAM < Inputs  [———
| I [ ,_I_' J
' |

! I

I I

| I '

I <: I

I

. [ [ | | | — T
I ROM > Outputs [+
I R
| l—:rl '

I I

I I

I I I . I

| MEMORY | : 1/0 Units :

—— - ——_— - - —_—  ———

& 6-q Microcomputer principal architecture.

DDC o€  22805228E8: ad:pdloEilaogdi Microprocessor (CPU) 1 memory $& input and
output (1/0) units o3[gdao5i

Data 1 instructions $& address signal transmission ©20p9 operation gpssanscd:aopd data
bus 1 address bus $& control bus a3:§j{g¢ sa0pEE[o300051

¢ (6-) og€ DDC & microprocessor chip 205 memory unit 1 input $& output units
B¢ ©pd03ad §odsoaS0oro0pda’ ewdlgaonioopdi  Unit gp: s0:adso0pE microelectronic chip
00698 0300051 Bus 83200560 Slox[o3ezag(parallel wires) [gdo0pdu

Data bus &800p8en chip o0d9sE oobomojogpionl data qp: ope[plicoq§ 00305
2920009 Slom|3p3ae(parallel wires) [gdoopdn
powd input unit © 2080053 03 memory o803 data bus ¢ oodeo¢ cu:d[gEs (transferring)
[g&20p5

Address bus 20pb data gp: 938:e000:9$320305 esep(memory or register) 93wupod
program instruction qp: 036:0p5:98300305 Gsep(memory or  register)o  c0odeodedgts
(esepgjedgts) [§9o0pbi pown telephone number 930005 IP address o3 [gdaopdn

Data gp:0? 036:90p5:000:8E[G: bus $& s0052305002:0005 memory unit o3&:5 address
§aS$ 832600051 Address (A) ¢ data gp:od address (B)a3 co:d on:elgplieuiq§saoz05 6820053
:2e0¢qP: p66e0rEes Gaopdi
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(0) Microprocessor 20p5 address A o3 address bus ol 98 0o&(locate)eozoopdi

(J) Control unit 20p5 control bus ¢ oo address A 6§ data 03 vodupcoes data bus o3
2288(signal) coz0000n

() Microprocessor 20p5 address B o3 address bus ol o8 0o (locate)eozoopd

(G) Control unit 20p5 control bus ¢ ooso& data bus eol§ data o3 address A o8 eegoons

(write)q$ data bus o3 528§ (signal) cozoopdi
32000530066800Eg)05 Gros§jEoopd Fa0gsagiElgSge ceongedapd

Data bus
Address bus A A
I
Ul il
RAM EPROM 5
- - o
chip chip =
2 ALU
&
=]
[=}
A __'q:‘: Control
VAN = unit

Input unit < L | Output unit

Control bus
ﬁ% %% S!E Sensors Actuators l;ﬂ;l%

S G-e Architecture of DDC controller

€.0.G Memory Size

Data & program instruction gqp:o3 memory chip gp: edlog€ o86:0000: conza0bN
Microprocessor 03¢ 3a09SaqElgsg 3200668E[G: 0B BbreopSicon§aopd memory
Al§oopSn Memory chip $6§js §0p51 Read Only Memory (ROM) $& Random Access Memory(RAM)
o3[g®a0p5n 16- bit address bus 2005 address locations 216 o3 868Ea0p5 16- bit microprocessor
chips 1 32- bit and 64- bit chips ©2005 chip gps0? 3203qo30005

ROM chip 20p5 data 9300pob instruction qpzod cosd[gE:00 6e0oEgrd8E20p51 1/0 ports
o%eo?ors oo@):(so:)o chip qp:¢ data qp:o% mcﬁé%&@&u oS&:ooé:ooo:%&@& e@l(\?f)%&eou

ROM chip 6dl§ cpobcpbodon 005qe eqeoon: a38:e0p5i00:000d program & data gp:od
user gqps [g[g€elpE:cdes o[gdSEeon ROM chip edlS program $& data qpo? 336o0(permanent)
eepo:  9B6se0pSs000s60mGoPE  0gbedenodem:  odeomndoopd(power failure) Sa8logt
oqod8:8Eaon

ROM chip edl§ 238:e0p5:000:0005 standard control function gpa schedule 1 on/off
control $& Proportional-Integral- Derivative (PID) function qps [g8[o30005

o3eo05 Erasable and re-Programmable ROMs (EPROMs) 03036000 chip gp:od
0dgjoonagi€ a0 [glgEe[gpacdfg: [grpo8Eaopbi
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Step 1 Input
Memory 3aguS3e080005 bus structure

0g€odioom:00d  bit  SpegEI0R0d  vwdn
O [g©20p51 16 bit address bus aop5 address cAlE:

[ [ Termination Boara ] | 216 905 8560880051 B0Se0:88005
Anahgf:mgi o 5 RAM $& ROM chip gp: 0069gC:80005 8
E Converter j = 2  Kb(Kilobyte) owoan 303 236 aoé: %&Dén 1
O 235 Kiobyte 2op5 1024 byte 5§ pBgroopSn DDC of
Step 2 Central Processor E .E quﬁ% 03(73030@0€1$ gxg&’lpoaé memory
(CPU) 28 qp:or% ooéeo:ecxpeeﬁeon
Digital-tuO-Analog aBelopé DDC oB38:00p5:8E80005 data
g E Converter j ) 0 P§I005  §oopdi  Input  3v6e

O 0001 output 3366320305 $E programming

2 C0O8ES
e

Q G-@ Information path: Digital Controller

pown- DDC 00692005 temperature sensor(e)9sé §odso0d0o:a0pdi (0)856 008036
00dopqfoopd data gqp:od DDC adog€ 9836:0000:00001 Sensor oodge 0obopqoopd o0&3s
(reading)oopS 1 byte memory ajq§ c332600p51 DDC edlogé 4 Kbyte RAM §oqi& soq$
opdgfogpesxnt DDC edlopl temperature  sensor(0)9e oo§3:gps(values) o3 a38:e0p5: con:§E
opSsp5u(Memory edlo data qpzod download cobur[gCs overwrite [gpS[gEs ecpbup vasodhi)
(G- J) 20p5 DDC controller & input terminal o3¢ temperature sensor 0o69[g¢ §od s00d0o(Gs
DDC controller output § actuator 036903 §058005002:20001 e$3206gE DDC controller ood9o¢
input channel qpgodl§fGa output channel gpzgn A§aopdi Befopé DDC controller 0d9[g¢
sensor gpz(input terminal) $& controlled device gps(output terminal) §o5s0058E20051

€. Input and Output Points

Direct Digital Controller o3 DDC 0y 220368105 68l[0300051 DDC gpoopS microprocessor
qp:od 2aaefgde) oopSeaonndooneo controller gp: [g8lo3o0pdi Personal computer gpsogE
Ol§oopd processor gpzaad 220pdcrE051 o8 DDC controller & memory ad03E control logic
0pesla0p)d instruction gqps copdoonzeo: qaopdi DDC qpzaopS o instruction qpe3a03E: control
action gp:0? GeonEgadeu:aopdi Control crdeosoopdl ©8b000y GeEoo:ad instruction gp:?
program o @&l 2001

€. J-o DDC Input/Output Unit Interface

DDC 00696 input $& output $& 2005e3Ea00) 328Cs(section)ozE operation amplifier gps
A/D $& D/A converter gps 2005 electronic chip gp: Clo€oopdi o3 chip gpso?d Printed Circuit
Board(PCB ) a0l ogE mount cpSoozaodi
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Sensor qpzod DDC controller ¢ input terminal cdl§ input channel gpssé Slom[BElgé

20059305000:00001 Control device (actuator) gp:o? DDC ¢ output terminal adle output channel

g5 Som[BEg soodagudeuzaodi
DDC input unit 03 6320053 function gp: ceonEgodes configure apd8Ea0pSn

()

(®)

(0)

(v0)

Sensor qpsi transducer qps Sooo(meter) gp: ©20pS0de  03C:c00:0000  COS s
(measured variable)o DDC &l input unit ¢ input signal 8a[g6 con5$g§aop5i

Input signal gp:o3 c33260q€ amplification  codfgla  filtering cwS[gE:0a005 signal
conditioning gps [gopdeozoopd

DDC input unit 20p5 o€conoopd, input analogue signal o3 digital signal s5[g6a3 A/D
converter o3 adsq) c[gpCze0s00001

Volt free contact (static switch)e g§oopd On/off state signal o3 device &l status a3ewr0d
alarm =296 esdlgoopdi

DDC output unit 20p5 computation result $& logical operation qp:o3 326[gde) 6832053

function qp:03 eeonEgadeozoopdI

(o)

(®)

(0)

Controlled device & status c[gpE:ognieoqs$ digital signal 06903 aoode0:a05N

Output device o3 0o8[gRddged: e[gpC:cdeoqs(incremental  basis)  3a§§o0Y

006932038 pulse gpigd 000d60:0RdN
Output device(valve/damper)ei 2005005000600 position 3203E: g&a$i Bodgssaogad

DDC ¢ digital signal o3 D/A converter o32%:6] analogue 35(323 e[gp&seozoopdi

€. J. DDC 1/O Point Types (Data Points)
DDC data point qpso3 input point $& output point vae] $6§jesdo0: F[gp:8E001
(o) Input points

Sensing device gqpggdoopd sensor $¢ transducer gpzo data gp:0? cooddqeomelopé
input point 0p 2005005eal3[gl: [g6o0pdi DDC 20pd Bonddefioopd data gp:o?
:6[gde) 0309g056gps control cdend Cvda3Eesontgrdaopdi
(o) Digital Inputs (DI)
Status monitoring ce6q§$820305 Faddgopd two-state input signal o3 Digital
Inputs (DI) oresl oopS
powd- fan on/off status, high/low temperature, alarm on/off 200503 [g&aop5

» Switch dry contact (open/closed) e Power (on/off status)

* Smoke detectors e High/low limit switch (on/off)
« Airflow e Freeze alarm

o Water

« Differential pressure
(J)  Analogue Input (AI)
Al 2005 sensor 9360pd5 transmitter 886 cVE59q oS continuous signal (&5
Temperature 1 pressure | humidity ©a0pd physical variable gp:ei 0o§3sqp:od

oB0Seqaopd (p84o0pd) continuous signal [g&o0p5
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)

Al input qpzo? active $E passive sa§jgons(type) 0pe] $6§s§o0pdn

Active AT qpzaop5 voltage 9300p05 current signal input o3fgdoopSn

Passive Al qpsoopd Resistance Temperature Detectors (RTD) &8¢ q§joopd ag6ed
9630z (resistance) [g620p5u

6320050103005 active analogue input signal qpegblo300p5i
« 0 to10V (0 to 5V)
e 4 to 20mA (0 to 20mA)
Analogue Input (AI) point qpso? powd $E 000y Gedlgaonzaogd

¢ Resistance Temperature Detectors * Flow (water, air)

e Temperature Thermistors « Voltage

e Temperature Transmitters e Current

* Pressure e Air quality (CO2, 02, etc.)
o Humidity e Air quantity (CFM)

Pulsed Input (PI)

Physical variable gp:03 engineering unit 00699[q¢ cullggescyod aBonsddge
p3qo0pd accumulated pulse gpzo0p5 Pulsed Input (PI) [g20p5

powd - 10 pulses 2005 1 kWh $& p8qjooodi pulses  6qog056) (00)9[gpdo3Es
g6:3E 1 kWh 2%:8[8e[gd00p50p 9880005

(®) Output points:
Output point qpzoopd control signal 3293€[g¢ eedlgaopd 328§4ps(commands) [gdfo30005H

6-10

(0)

)

Digital Output (DO):
DO 20p5 contact 930005 switch i relay coil o3 energizing coS[gEs Bewpcd de-
energizing cpd[gE: o3ndeaontgodeooopd
6320050030005 Digital Output(DO) gps (60300051
¢ On/off (driven from a logic variable)
e On/off (driven from a numeric variable)
e Duration Adjusted Type (DAT) (driven from a numeric variable)
e Position Adjust Type (PAT, incremental control)
o Start/Stop (S/S) (driven from a logic variable)
e Pulse (driven from a logic variable).

powd
* Relays e Indicator lights
e Two-position actuators e Two-position solenoid valves
Analogue Output (AO)

AO 2005 controlled device ood§§j:o? §E:coqSmaoged CPU o coodeo:o0pd
software command (620051 6@ command o3 continuousi variable voltage or
current control signals saa3€a3e[gp&:sq) controlled device s8a3000560800051 powd-
damper $¢ valve actuators 1 variable speed drives | flow rate ©20p503[gda005
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6320050l030005 Analogue output signals gps [§6{o300051

« 0 to10V (0 to 5V)

¢ 4 to 20mA (0 to 20mA)

pow
e Damper actuators

¢ Modulating valves for Chilled water

e Inlet guide vanes

* Modulating valves for Heating coil

Table 2. Sample Control Points Classified

e Variable frequency drives

Control point: Classified as:
Smoke detector (dry contact switch) DI
Outside air temperature Al
Bypass valve AO
Start/Stop relays DO
Chilled water supply temperature Al
Static (Duct) pressure Al
Freeze alarm DI
Damper actuator AO
Indicator light
N[~ £
0] ™
O | ™.
i ——————Controller A,
Manual Time _ o
override clock _|Generate | compare ™
switch I Variable| |_output
set point
temperature
\
CD[‘IUDWE‘[ meﬁﬁlggirg?ur
Generate -f—
@ | output Compare <
normally Temperature
measurement

&

)
Fire/smoke ':'OEE ed D|‘D<]
detector
[
.r?

. £
Cool A Bz
ool Air 2%

2

Heated air %
—_—

6 6-00 Air Heater with Outdoor Reset
pow - DDC 00693 Al§oopd 8-bit A/D converter 2005 RH sensor ¢ 7.8 dc volts analog

signal g§oopd

RH sensor &l working range 20p5 0 to 10 volts (8205
()  A/D converter @i resolution o3 gpdh
(®)  Sensor output 2005 7.8 volts [§dagiE A/D converter & digital output data 008803 qpdl
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DDC 2320006006003 0300068320305 Input $& Output gpezaclopCs 0300068
820051 (6~ j) o€ input to DDC controller a3ewp05 output from DDC gp:ad cedjgoozoopdi

//"_-___‘_‘————\___-n.l Indicator light

_\-' | —
- [ onoft \ — \
|I onput On/off —

\ output -

|
Manual | Variable
override III input_——

switch |

=5
%Dﬂ / Outside
P temperaturs
input Variable P

Variable
ﬁwtput
normally _
] [ closed ;
Fire/smoke
detector

& S
Cool air Oc;: < Heated air <
Cool 1 AT —" 3

& 6-00 Air Heater Input/Output points

Temperature
measurement

T

&(6-00)ap¢ outdoor reset cpdB: control cpbaopd air heater oodgel control diagram o3
e6dlgoopdn Fire o8ewrod smoke detector oo &:econCesaopd afewrod 8:diqpiagodesoopdun
signal  oqog€ timer ¢ cud&gs :SeepPadag Bewrod start ecpdod 86¢) ewrtiag€ fan
06eE200051
Control System 0089038 2280 3224g¢ input $E output coos§jEgoopd
(o2) On/off input (Digital Input 23e0pcd DI) — manual switch, fire/smoke detector
(®)  On/off output (Digital Output a3eupod DO) — power to light
(0) Variable input (Analog Input a30w05 Al) — temperature from sensor $&

(20) Variable output (Analog Output a3eupoS AO)- power to the valve o3 [gd2opS

€. J-0(02) On/off Input oBww0d Digital Input (DI) Bewpo Binary Input (BI)

ON/OFF input 2005 ogbedoodcuds(circuit) [godgssaogad(complete [36qS) Sodeos
§oopd switch a30w0d relay o8ewpad device 0odGsq)s [(§620pSH B 2a6E/32805(ON/OFF)
$6§jgoon §oopdsaoz05 “Digital” vpeslaopdi Building Automation System(BAS) edlog =0
Digital Input(DI) a3eupob Binary Input(BI) vpesl aopdi

Binary Input(BI) qp:od eqogodqs(count cvdqs) c832600001 pown - Power meter
20p5 1 kWh [gp8o38: on/off 0068l cpbeosaopdi o pulse o eqogodgisé kWh opdy)
a54{Geo0p503  6qoged8Ea0pdi a860[g§ayE Digital Input(DI) o 3203q8Eo0pdi  BI o
0dogm&agl :[BE (000)cocdemyPoopd pulse gpod count cpEeS$3a0305 8&E:pEaondgts
[g&20p5
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Series of pulse qp: [gdocseomelop digital vpeslagié cd0e8a0050p va[P&EA ON
$C OFF $6§Jro [§6§E@amaelopE “Binary” vregpagi€ 38 oSm§oopSn On/off input &1 ooep:o&
s§0epd(official designation) ¢ Binary Input(BI) (62005

Central monitoring unit i Building Management S\_.'stem]
savic-net series

;
5 8
z 8 5
2 2 ¢ -
= = = -~
2 £ @ § 5§ 5 5 e
8 2 g = T = w -
] = ] w5 = .g
o & = = (]
T 2 & E & a
2 © & & = @ - -
E g & 3 2 3O B Call point
i £ 8 % % o a AONMOFF, setting, status, alarm
. . . . |1’ Q g o IT DE' -Real time/ftotalized data
Setting device for engineering Program data
ol 3l 4 -
-
. To other DDC
ol 4 controllers
S ( Ij (peer communication)
m] ] o] [ ] i
Input interface
» o
= 1 =
2 2
T | Control calculation unit —s 2
wn
=
z 2
[m]
1 (3 P DDC controller

Output interface

-

+

[]

User terminal

Fan coil unit

L
EE
5 2

Valve
Humid fier
Damper
AHU supply air fan I'/—

AHL return air fan |

¢ G- j Example of distributed DDC controller configuration

€. J-(s) On/off Output Bwwrod Digital Output(DO) Bewpc’ Binary Output(BO)

On/off output gpsoopd power a80wrcd close contact 0% cocSeo:a0pdl  S:d:a0d
co&ie520p9304$ (power “on”) $& Bodesa0003>§S (power off) $6§jz000 [§6§E0p5H B33 On
adoupod Off output $6§Eado0> coodews§CeomelopE Digital Output(DO) o3ewrod Binary
Output (BO) upasl 2005
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€. J.§(0) Variable Input 98605 Analog Input(Al) sBewpo Binary Input(BI)

Variable input e320p5¢ =a§sCang ofgpicdesaopd signal gp: DDC 220pE:08
oCeepad cnfgeiydaopdi Temperaturer humidity $& pressure 02009 0083:035E p8¢i00d signal
qp: [9620p0n Building Automation System(BAS) edlomeaaq elgplicdesaopd  signal(varying
signal) o8e0pcb Analog Input(AI) v @l o0

6. J.6(o0) Variable Output 93605 Analog Output(AO)

Value $p5:5p5598q81 qprgpigtes oBevpdd damper cBaoeannd ¢EeS3a0g0b
Gozq0p3 variable output o3 Analog Output(AO) vpesl 20pSi o3 BI 1 BO $E Al AO point qpzaod
computer a30005 DDC controller $& §05s005q§ 8005 Temperature o3 vcSopoopd sensor
20p5 analog sa§jgseon: varying signal (0- 10 Volts) o3 coodeo:a0pbn Computer 280005 DDC
2005 digital signal 03020 c005$§Ea0p51 BelopE analog signal ¢ digital signal o3 elgpéieosepd
A/D conventor 9360305 A/D processor a30upod A/D device c8za62005

oelopE Al device $& processor (controller) safo3p:S A/D analog to digital converter
§9$ cB=a020p51 A/D converter o3 controller adlogé 0odSloopS: @dl:00pd0om: GusENR§ooRdI
Built-in cpboozoopdun eqeoons eedjgecy§oopdi

INPUT CONTROL QUTPUT
—T11— AID MICROPROCESSOR D/A —~ ANALOG
— | CONVERTER UNIT CONVERTER|— oQuUTPUTS
ANALOG - —
SENSORS
ON
VALUE | 7 N\~ VALUE [#\_
OFF
TIME BINARY TIME
REPRESENTATION
OF VALUES

Q G-oc; Analog functions of a digital controller

DDC 008903¢ ogdees doeepd component gpsgn

() Power Supply  Computer board 320305 c3266000 power supply [g9aopSi Low voltage
DC [g®20p5i I/0 Point gp: 220305039266000 power ¢ Direct Current(DC)
a300pod 24 Volt AC copbs [g68Ea0pdn

(9) Computer Board Control ~ software 320305 [9620pdn  Logic  process — qpseanscd:ad
microprocessor o [gjee&eosapdi

(o) 1/O Board 20p5 input $& output dlo[eqps 00503058 [gBa0pdn o3 board Gl
A/D $& D/A conversion cobq§ea0305 hardware gps Al§oopdi True analog
signal oopcddli Digital signal  qp: [gdeomelopE accuracy $¢ timing o3

ogn[gpz00pdi
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(o) Communication  controller qp: sogC:qiés 00da300q§ data gp: transter c¥6Q$320305
communication port J§ qepdlgdaopdi Communication port ¢ operator
access cp6q$ gC[goopd oofge: device gpisé 80050905 (communicate)
0062005

Digital computer qpsga:d:0005 sequence gpig&ac 3006 cvSo300001 Pneumatic
system gpsaopd analog $p5: 3¢ 32005620001 Computer gp:ei speed 2005 3a0gs AgE[gs

Ga0dcopds input gp:od 009Gk 00d9 vad§Ea0pd

Controller

Operator

—— Powerin
ﬁ Boiler panel
/

¢ 6-0p Simple DDC system layout

Connections
to /O points

0(6-0p) 03€E[goon:00p58203¢E: plant operator aopd opon:gedl§ PC © 0odeoé setpoint
o3 adjust cp68Ea0p5 Setpoint adjust pE[gEs0pd 88zc3§aopd setpoint §8:03 clgpCeodgSs
[§020p51 Controller 2005 network cable ©oodeo operator $& boiler control panel o303

communicate cp68E20p51 cenCiesa005 boiler ¢ data qpsod quasEoopSi Data communication
:6[opEisC network 3a6foypEind 2508:(0) $& 2098:(@)0g¢ 32600:805 Ged[goo:aodI

Terminals

Il

(a) i
Terminals
(b) | 20 !’ - .{JZD
Power Q1 a0V Q

Supply L _
20 Q2
6 G-og)(e) BI Internally and externally ¢ G-og)(9) Monitored BI point using an
powered analog input

€.9 1/0 Point Characteristics

Physical input/output point gpzaopS controller adl§ 1/0 board gp: termimal gpsogé
Alon[BEg  §odsooS(connect)oonzaopdn 3a§sqS:ed: point oo BI (9620001 & G-og(e) opE
G6H[goo0pdme038: [gue  power o3 F20ddgeoodgE: ofeon & G-og(on) 2005 [gEoe power
supply o3 32004q| conzoopdi External power supply o3 saaddgioqi¢ power fail [g&a0p5 oBeupod
contact open [§620p5 03 a3g§ecgudoncor Belogp internal power supply 2005 3¢j 8adgiga0di
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Internal power supply saaddg cod:aqi€ dlom[ode [godesdlon wad8Eeun Detect ©cpd
§Econ DDC qps0? 3203qjq) circuit agdodocdeodsgp:ad agudongn monitor [gjap&8Ea0bi
Analog input point o3 332%4gj¢] Binary input o monitor cp5§Ea0pd

[§88E€c000 sacfgmacs cros§jp§oopd
(o0) Short circuit [gbes[gCs(terminal 0o695E 0od9a[o03E 0 volt §es0000m)
(9)  Switch closed [gbes[gEs( terminal 00695E codo3alo3r203E 5.0 viot §esa051)
(0)  Switch open [gdes[gCs(terminal 00d95E oobmajogpiant 6.6 viot §eso000n)

(20) Open circuit(terminal 02d9$& 009 mo[oys] 10 volt §e$05)

Software o3 sa0%4gjs] 03sea[gmacs crosdEad:od a38E8esnE program cv68Eao5i

0 volt $& 4.5 volt sajogpegdagi€ short circuit 1 4.5 volt $& 5.5 volt 3a/o3sgdaqC switch
closed 1 5.5 volt $& 6.1 volt 3afo3ggdaqiC switch open & 7.1 volt coodqpzagi€ open circuit
[g20p5

Terminal $6932(03p:§ A/D converter circuit 2095 high resistance o [96edl coeomaeope
monitor circuit o3 ©o3§0deo8Eeon Analog Input(Al) o3 multi BI =:5[gd soadig§Eo0pd
$5:q2g0§o0pS1 F[grrp0eondeen constant speed fan o3 monitor apS[gEs [gd205u

Fan & cable § current ring a300pod Current Transformer(CT) oodeoq) monitor cvd
§E20p51 Analog point S current o§(zero current)og€ motor s8a8 power supply eeepod[gc:s
[§08E20051 Low current [g8ag€ fan motor & pullery § 0obeo€ooni0pd o§om[s(belt)
[god[gCelopE low load $& eenties[gls [§88E200N High current qogi€ fan 20p5 over load

[g8e0mp0p5 Bowrcd [gdesoopbup B8E0D

Analog Input(AI) point gpsoopd BI point qpoood J¢) ege03:00p5n Analog Input(Al)
point gp:o3 configure S 20p038l alarm message qp:oddl copdqeomeopE 3q
sop§moqqp:oopdl  Analog  Input(AI) point gpsoopd 3¢ orSoqedcd gpeosiaods
20R§[0Bsenz00p) fan qpest saeeE0d:00pd(critical) fan g0z 32234gqs 20EangHoodi

Analog converter gpsoopd sensor ¢ true analog signal o cooddG: digital signal
(3623 e[gpEeuz00pdn Digital signal 20p5 0 $& 1 qp:ad 3a008:03053(gd(Series of 1s and 0s)
esd[g[gE: (96205

:000¢) converter 20p5 8 bit converter [g6aqi€ o€axnaogd signal & (Jg6)dgE 0O
e[gpscdeomn convert cpdam: 0083: clgplicdoopdn 32632:3E:8CEqPiel 2§ -40°F ©
+120°F =20038: [gdoopdi oBelop¢ range 2005 160°F [gboopdn 8 bit converter 20pd
0.625°F(160/250) e[gpE:cde digital signal oo ee5g§Eaopdi Economizer damper gp:o3 control
c06epapE 2d:0lon sasolaeljgoopd

a3eo05 o3 signal o3 outside air & enthalpy o3 0305§ =paddgq€ waoeayPd
Bobgqeom accuracy §c36epS eurodeon 10 bit converter algpEeadsaqi€ 0.16°F(160/1024) 3203

3eomCianaddepdi Sensor & accuracy JoBoqic00 c3dwpdi

6-16



eomEs0005028 Chapter-6 Direct Digital Controllers (DDC)

12 bit converter 20pS 0.04F(160/4096) 3208 Gus&&aopbi Converter il accuracy $¢
sensor & accuracy opdCacw SeomEeco [g6oopdi 12 bit converter 2005 control signal sa(gd
BeomEs 6aodeopd: memory gpigd Ad=60p51 Record cobq§ 24 bit & number o 1,048576
[g20p5

DDC System gpseil accuracy o3 2009005epogE accuracy (§)§s Ol§oopdn (End to End
accuracy o30305q8)

(o) Medium to sensor
(J) Sensor

(p) Transmitter

() Inter connection $&

(§) A/D converter o3[gdaopSi

Medium to sensor accuracy o3¢ safgpseom 3agj05gps dlo€ooodi pow- flow meter o3
turbulence [§8es[gCs outside air temperature sensor ogE solar radiation dlo&fg€: mixed air
temperature § air $6§jz 20507 E:gn cepega(Mix) veslges 03gdood

Medium to sensor error e[o3p& end to end accuracy 3e3:3k8Ea005n Sensor @i accuracy
20p0  sensor & saqpdzacags(quality)eclogE  @oopboopdi  Transmitter o @&:eeonCepd
(performance)eomE:q§320305 sensor $& transmitter 030508q8 (match [36qS) c8oopSn Required
rang $¢ 0-10 volt cpodeusepd transmitter $¢ 100°F range §oopd thermistor o303 saaddg[d:
38°F0 45°F 320§8§2005 chilled water supply temperature o3 o3€:0qi€ accuracy deomE:c8gepd
©upadeol

§0059905000:0005  Slom[o3s(wire) 9B6eqEdag€ accuracy 9BSesdipeandoopd: wire
[03¢55ec0 volt drop gpzecor accuracy 3ed:ckeco [gd0pdn dooa|o3E(wire)qpdag€ egpadloogd
0-5 volt 2Boupod 0-10 volt pdseen: 4-20mA current loop 03 3203ggj0oE20001 A/D conversion
accuracy o3 §&4q8s [gdaopd

Analog input signal o3 digital =5[g6a3 e[gpE(Ge(convert cpS[Be)esncd 3 signal o3
eqpegesn(smooth) [gapdeousgs c3ooobi

VAV box 3203855 03E:096§2005 velocity signal 20p5 eonpS[86eamaeo3pé smooth signal

[g8e320E[grobe0iq§ 32005 ogr&odEiont reading 0od9qfag€ reading ()9 93wupdd (9)ogs
@0IE8s smooth cpdeo: €200 Five second smoothing every cycle o3 6820050l 2203¢: 0g050p

882008
(new signal + 4 * old signal) /5 = old signal
"0ld signal” 20p5 smooth cpd[G:aons signal [gb[Ge controller oo input 33[gd L5 322 [GRE[

[020p51 Input  gpzod Geoospdigp: 3200dqs] 9Bewpdd lookup table gp:od 2ddd: modify
c068Ea0p5n Thermistor gpsell curve 20p5 non linear curve [gdo0pSn Thermistor goopd input o3

lookup table 98ewpdb algorithm o3[g¢ signal o3 modify cp&e$ adoopdu

AO $& BO Output gp:

Sensor qp:e signal o3 A/D converter o3 saadd{gjg) Analog ¢ Digital 98 e[p&:q§ 3325
200303 output device qpsgbo0pd valve $& actuator qps 220305 D/A convertor 03 o3z analog
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2[g638 e[gpliqscdoopdn o3eaod output device qpzooRd ©gR&3E:S c[gplicdeses wcBson
Update cpbesqs ocdeon 0o& 3o0qgC 10 bit resolution §oopd D/A o3 sadd{gjconseandcopds 8
bit D/A 2005 cdeawr0d20001 8 bit 20p5 256 increments o3 cosd&aopbi Incremental 092005
0.4%  $EpSgoopdn Controller gpsopode:00d output power 20p5 §a005g105 §oopdi
cBo0eanad vgdeor odelopé controller o control signal 63000 0005e0:8E0R5N

Actuator g3 Genliq§ cdeao500pd power o3 controller o coddecudeoi
Transducer gpsd adjustment [gop68E@a05c0pd: DDC panel gpsdoon adjustment [gopdes

0B3050p8:0320001 DDC panel § adjust [gpdes cgudoopbi Adjustment gps(coSoonsoog)) o3

Gego: 905006:00E§E 2005

G.g DDC I/O Point Type (Data Point)

DDC data point gpso? input point $& output point va) $6§ F[gr:8E0p5
(o) Input points
(o) Digital Input(DI)

DI a0p5 two-state input signal [gboopdi Equipment gp:ei status o3 monitor cpbe$
3200¢g|o0pdn pown - Fan on/off status alarm on/off 020503 [gda0pdn
AI 2005 sensor $& transmitter gpso §§o0pd continuous signal [g&2005n temperature
pressure 1 humidity o3¢l physical variable gp:o3 current a3ewro5 voltage gqpig¢
eodlgoondgls [gdoopdi Al input gp:oopd active sajmeen: Bowpcd passive
F§p2200: [§58E2001
Active Al gpzaopd voltage o800pd current signal input [gdoopSi Passive Al 0005

resistance 0o§8sqp: (4620051
Al - Analog Input 1/

4-20 mA DC

. N
o XX ar  ooc

i A

& 6-06 Analog Input (AI)

(@) Analogue Input(AI)

Active analogue input signal qpsoopd 682005310320505 000899 [§6§E005
¢ 0 to 20 mA (0 to 20mA)
« 4 to 20mA (0 to 20mA)
* Pulse Input (PI), PI 2005 pulse qpso’ 6qozod[gEs [gdoopdi

(J)  Output points

Output point gp:o0pd control signal s3[gd controller © coode0:000d command gps
[§620p51 & command( control signal) qpzoopS DDC computation ¢ cgoSano0pd
qoooS(result)qps [gd2opdn Logical operation ¢ agobaona0pd qoonS(result)qps [gdoopdi
(o) Digital Output(DO) 20p5 contact 98ewrc5 switch 3203E:§ relay coil o3 energizing
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a3ownod de-energizing  cpd[gEdyé two state control function o3 perform
00660z2001
Digital Output o3 6330053030 0069 2a6s[gE configure crSEa0pdN

(0) On/off(driven from a logic variable)

(J) On/off(driven from a numeric variable)

(p) Duration Adjusted Type(DAT)(driven from a numeric variable)

(G) Position Adjust Type(PAT , incremental control)

(§) Start/Stop(S/S)(driven from a logic variable) $&

(6) Pulse(driven from a logic variable) o3[g&aop5n

AO - Analog Output

— A 4-20 mA DC

VEDOC — X9 a0 oboc

D:J;L A

¢ 6-0q AO - Analog Output (AO)

>

]

(®) Analogue Output (AO)
AO 20p5 CPU ¢ generate co620p9 software command [g&aopSi Controlled device qp23aogad
variable voltage a30005 current control signal [gdoopSn
Analogue output signal gpzaop5 63:0050l0332505¢ 006§ [§D8E051
(@) *0tol0V (0 to 5V)
(®) ¢ 4 to 20mA (0 to 20mA)

: o
LO] <

Return Air Fan Return Air

Exhaust Air

Mixed Air
Temp. Sensor

0

Discharge Air
o @ ol > O

Qutside Air F Discharge Air Fan Temp. Sensor

Chilled-water
Valve
6 G-o0 Example 3
DDC 006903€ 8 bit Ato D converter dlo€aopSi RH sensor ¢ 7.8 volt dc analog data o3 input
(30 §§oopdi Sensor &1 working range ¢> 0 volt ¢ 10 volt g&oop5
()  Converter ai resolution o3 gpd
(®)  Sensor output 20p5 7.8 volt [§6cqi€ A/D converter ¢ e[pE:eosc8052005 Digital Output
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O(6-00)20p5 DDC based room static pressure control system oodoel schematic
diagram o3 ee5[gaon:oopdi Room static pressure o3 Variable Speed Drive(VSD) 0068080050009
return air fan o3 modulating speed [§¢ GenEieoglge 038000005 Control cpSoomzoopdi
Discharge air fan o} [g85$:0c00(fixed speed) [€ eedCseusoopdn Damper Actuator(D) 20pd
modulating 3>§je3200: [§620p5n Air flow switch 2005 filter ii(dirty/clean) sac[gseesod monitor
c6e0z00p51 2o&eagd 6oon DDC input/output point qpsa? assign coddl

(o0) Damper actuators(D)
(®) Air flow Switch for the air filter
(0) Room static pressure sensor

(v0) Variable speed drive(VSD) for return air fan
(c) Relay coil for contactor(C) of the discharge air fan

Table 2. Typical Data File for Analog Input.

Point Address

User Address

Point type Regular or calculation
Sensor Platinum(0 to 100F)
Physical terminal assigned 16

Use code Cold deck dry bulb
Engineering unit F

Decimal places for display XXX.X

High limit 70

Low limit 40

Alarm lockout point

Point address

Point descriptor

Cold deck temperature

Alarm priority

Critical

©.5) DDC Operating Sequence

(0) Sensor $C transmitter qp:o temperature | pressure ©20p50361  03E:020002:0000
o0$3s(measured variable) qpod DDC @i input unit s83 signal s3(gd deoza0di

(J) Sensor reading qp:o3 DDC § input unit ¢ 2o0&eagpoopd digital electrical 33(g6a3 elgpEseos
20p5i 980000 CPU oo process cpb8Eepdi & information qpzo? “Buffer” vresl 20pd small
input unit memory ol 0g8 oo 9362050050005

() Input unit 205 processing cpde$ sensor data qpsq§[Ss 20pd3a8l 1 input unit 8038:q
buffer o3& sensor data o3 23&:e005:qSesep(address) 03 CPU oo 2005005602000

(G) CPU 2005 control bus e85 sensor reading o3 agn:oaqs control signal co:cd05a0001

() Program counter 20p5 650050068083 680rEGMAEEREY 320503 20deSe0:ap5I CPU
2005 ABmre08aB voduafd: CPU memory adlopé o3 instruction o register co6c8050005
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(6) CPU 20p5 RAM edlopd goboomsoonsoopd  wpboopd data 030sd G§o0500e0¢ (program
step)o? cv66e0aEQS 0pc3rd20p5N

(Q) Software program(module) o> control routine o% execute C\?&Déu

6.6 Control Sequence

Control sequence 006903 20gudodTy QEES eSS 905305 =ogSodzRE:
agi€lgsgreeaeqs copbiugd8Eaon gEcutsodmGa logical oqieax control sequence 2095 control
qp0d eomsgy 2cpdapdeofGr 38c3maopd gdiesonCepd(performance) gp:od §8E200i
oogod[03o3 el 03¢ 32006005003 0090E(G: codeot (step-by-step) geadl

0o0Ls0E

3030080¢

000300908

Control cp&ed system oodgadeel schematic o G[036: Gepaddln Sub system gps
[§9e320E §0005Al pow>- AHU 2203605 mixing damper 1 cooling coil 1 heating coil |
fan @200 subsystem qp23a(gd Fapoddl

Subsystem 03&: A§oopd process variable qps 1 control c¥Oqepd  parameter
qp: 020050303 200569050l Main process variable $& control cpdepd parameter
0303 &30l pown- Supply air temperature $¢ chilled water value position 98005
duct static pressure $& fan speed 0205039620051

Process variable $C control equipment o3s3(o32:§ §eoon control relationship o3
66500053l gpegdi Cooling  coil 320305 supply air temperature o3 input
=[g6(process variable [gdoopS)saddgG: Proportional Integral control(PI) (&
valve $¢ actuator o3 control co68Ea0p5u

Air system 20305 velocity pressure 20p5 process variable [gdoopdi Input o3
smooth coSdli(input (§)9 93e0rad (00)9 o edlEsq smooth cpdAl) ABesnod
Square root opdli (velocity 00§3:q9S) oBe5005 Duct & area [gEe[qpodagié volume
qoopdi &3 volume o3 controller & input 2[gd =20dg8Ea00N Volume $&
esd[glgCs(display) 98ewr0b velocity [§& cublg[g8s 220305 control S [gpasnsg o
a36o05 operation 82005 volume ow>NaS 328¢0Seoo parameter [gdaopdi

320920E00001

200ggoopd control method 20pS cB=abeoon  response speed 1 control loop & time
constant ©20p503 3260 03¢ ©oopSo0o5N Zone temperature control $& outdoor reset 030005
e5200pd(slow control) [gdaopSn §eglseom proportional band control 63000 aaddg[G: band o3
o0mPsoyidiconsg)(narrow proportional band) od:0gqi€ sacomEsed: performance o3 §§Ea0pd
€.q DDC Software module

DDC Software 03¢ internal module gpzgn dlo€aopSi o3 internal module gps 2005 DDC &
memory (ROM) edlop€ §eso00d software [gda0p0n od software module qpzo3  graphical CAD
o300 text based method o3 3203qqq) B=e6600n control function qpea0g05 configure

0068Ea0001
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DDC software module qpsog€ 6830053103 clo€aobi
(o) Control modules( e.g., on/off, PID)

(J) Arithmetic modules(e.g. averaging, summing, totalization)
(p) Programmable logic modules(PLC)
(G) Interlock modules , etc(e.g., EF with EF OUT)

$aopb internal software module gp:s€ input  output point gp:o3 schematic [gewdlg conzo0pd
DDC 0269[gda0p5i
2003[qe$ - I/0 point gpesa[g€ temporary point qpzcopd: §8Ea0pbi (DDC data base

:038:038) o3 temporary point g0 pseudo point gpiwp el aopdi
-End-

Contents
(5.0 Basic Feature of DDC Hardware COMPONENL .....cuveuerrerrereesesresseessesseseesessessesessessessesessesseneens 1

(5.0.0 DDC POWET SUPPIY 11veuveveirireeesessensesessessessesessessessssessensesessessessssessessessssessensesessessessesessessesessessesssenes
6.0, MICroProCeSSOr (CPU) ......ucuuciuriscsinssssssssssssssss sttt bbb bbbt
6.0.p Microcomputer Structure @nd BUSES ..........cumuiriiiisiiniisiisis s,
5.0.G MEMOTY SIZE ...uvuiiiiiiiciii bbb bbb

G.J INPUL AN OULPUL POINES ....vvvevveieisctscies st 8
€. J.0 DDC Input/Output Unit INEEFACE ....cvuvvereireiieieiesniie sttt
€. J.J DDC I/O Point Types (Data POINS).......ueuuverursirssssiniinsisssssssssssssss st sssssssssssss s s ssssssnsans
€. J.p(02) On/off Input 2Bowpod Digital Input (DI) 93000 Binary INput (BI) ......cvveceeveeieeieicicininsnenn,
€. J.G() On/off Output a8ewrc5 Digital Output(DO) 936wpcd Binary OULPUL(BO).....u.ceereereierisrisrisesnsanan,
€. J.9(0) Variable Input 28o0pcd Analog Input(Al) a360r05 Binary INPUL(BI).......ceveeerenieerinisniesninsnean,
€. J.6(0) Variable Output 2300705 Analog OULPUL(AD) w...vucveresceisissisiisss st

5.0 1/O POINt CharaCteriStiCS....uuvuvvuiuriietirinssssssssssis bbb 15

.G DDC I/O Point Type (Data POINL) .......curvivceisisiissnsissssssss st sssssssssssssans 18

@.g DDC Operating SEQUENCE ......uiieerresierrrnssererssserrrasserrssasseresssssrnsssersnsssrnssssssrrsnasssennnnns 20

5.5 CONLIOI SEUENCE. ... ecvivieeeiitiseetete st te e st e st e et e st et ebesbe st e s sbe st et e sesbesbesesbesbesessesbesteseenis 21

.) DDC SOftWare MOGUIE .......cververersicsesisssss sttt 21
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(.0 Basic Feature of DDC Hardware Component 1
(6.0.0 DDC Power Supply 3
G.o. J Microprocessor (CPU) 4
G.o.g Microcomputer Structure and Buses 6
6.0.g Memory Size 7

G.J Input and Output Points 8
6. J-0 DDC Input/Output Unit Interface 8
6. . DDC 1/ Point Types (Data Points) 9
6. -9 (02) On/off Input 98ewpod Digital Input (DI) 98ewr05 Binary Input (BI) 12
6. J.G(e) On/off Output 98ewr0d Digital Output(DO) a3eupod Binary Output(BO) 13
6. J.9(0) Variable Input 9300705 Analog Input(Al) a3eupod Binary Input(BI) 14
6. J.6(w0) Variable Output 936005 Analog Output(AO) 14

6.9 1/0 Point Characteristics 15

G.g DDC 1/0 Point Type (Data Point) 18

G.g DDC Operating Sequence 20

6.6 Control Sequence 21

6.q DDC Software module 21
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Chapter-7 Direct Digital Controllers (DDC) Wiring

Direct Digital Controller (DDC) 3a§j§jgo3 @i input $& output terminal gp: $& wing co650303
OqpesConay 226002805 Gudlgaozaopd

Q-0 Fan Coil Unit 03 control cp6q$ 22034gjoopd DDC Controller (Model: UFC0882L)

Cooling Only Application

C
Return Air Supply Air
C

E X [s/s]sT| TA|Am[wL|
| A
1 I
! 0 A T T
| Iy CHWR chws 1 ! ! || Legend:
I I ! o
I L 1| I T =Temp sensor
“““““““ B I T : [ I | MV = Motorised valve
I =
* * Lo * * * * 8IS = Start/Stop control
@ o0 _2 o G o ST = On/Off status
Al DI DO DO DI I:ﬁ DI DI TA = Trip Alarm

FCU Controller UFC0882L A/M= Auto/Manual status

WL = Water Leakage status

¢ Q-0 FCU Control(with valve)

Q-2.0 Description

DDC Controller(Model: UFC0882L) o3 =aad4gjg) Fan Coil Unit(FCU) control coboomzaopd
LONMARK® Functional Object type 8020 o3 saa[gdaon:aopd program [gdoopS
o) poer0g€ controller o3 Cooling Only Application 850305 configure cpSoosgEs (b5

FCU @i capacity o3 chilled water On/Off type valve [§& control coSo0p5u
7-1
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On/Off type actuator o3 320qq] valve 330z gCeaanE(open) dodesxnt(close) [gopd[geslyé FCU
& capacity o3 control cpSo05u

Valve iﬂﬂeadb&ndl Valve DB (Deadband)
A 1 A —
Open B — Open . _—
y |
" Setpoint « (DB/2) setpoint - (0B/2)|
Close / Close Al
> —¢ /1 '
I i i Retumn Air Tempe
Setpoint Return Air Temperature Setpoint
¢ Q- (o) Valve Open Control ¢ Q- (@) Valve Close Control

Q-9.) DDC Terminal Block Assignment UFC0882L
Terminal Block (Q)9d§oopSi TB1 ¢ TB6 2208 $¢ TB8 terminals o3 [g62000n TB3 $¢ TB

8 of) eo:?:ooo:é]u
Terminal Label Description Remark
Block No

TB1 AC24V | 24 VAC Input(L)
COM 24 VAC Input(N)

8D TO4 On/Off Valve control(DO) Only for Type 1 FCU
TO6 FCU Start/Stop control(DO)

TB4 UI1l FCU On/Off status(DI)
COM Com for UI1 & UI2
UI2 FCU Mode status(DI)
UI3 FCU Trip status(DI)
COM Com for UI3 & UI4
ul4 FCU Water leakage status(DI)
UI5 FCU Valve status(DI) Only for Type 1 FCU

TB5 COM Com for UI5 & UI6
uUI6 Return Air Temperature(Al) Only for Type 1 FCU
N+ Network wire from previous DDC

86 N- Network wire from previous DDC
N+ Network wire to next DDC
N- Network wire to next DDC
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Q.0.p DDC Layout & Wiring Diagram

SERVICE SWITCH

MVAC(L) > —

24VAC (N) > <NETWORK CAELE FROM PREVIOUS DDC

<NETWORK CAELE TO NEXT DDC

# VALVE CONTROL > ]

START/STOP >
= RETURN AIR SENSOR (Al) 2
> VALVE STATUS (DI

> WATER LEAKAGE (DI)
> TRIP STATUS (DI)

> MODE STATUS (DI)
> ON/OFF STATUS (DI)

RESET SWITCH

NOTE:

1) # RETURN AIR SENSOR(AI) & VALVE CONTROL(DO) ONLY APPLICABLE FOR TYPE 1 FCU
2) EACH COM TERMINAL TO BE SHARED BY 2 UI TERMINALS

3) ALL DIGITAL OUTPUTS ARE 24 Vac TRIAC OUTPUTS

Qq®
0. J Fan Controller DDC(Model U6F2484L)
DX/FCU Control
DX/FCU 1 DX/FCU 2 DXIFCU3 —====- DX/FCU 6
[sis|sT|am]TA] [sisTsT]am]TA] [sis[sT[am]TA]
AT KTT 7T K771
I 1 1 | H 1 ] 1 ) 1 1 [ 1 |
1 | | | ' 1 | ] \ 1 ] | | ] ] |
I S B R B R I [
1 ] 1 | H ] 1 ] 1 1 1 | 1 ] ] |
A R O I I T RN
1
LYYV VYV VYV Vvy
TO1 UM UIT UHM9 T62 U.IDZ UfB UI%O T6’3 ui3 Ul?l 1] 2 [ TO6 Ule U2 UI24

Fan Controller U6F2484L

S/S = Start/Stop control TA = Trip Alarm ¢ Q-G
ST = On/Off status A/M= Auto/Manual status
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Q-J° Description
DDC 205 fan (0) c:32ad control co68Ea0p5n VSD [gEeenteanpd Fan [gbagiFan g
%203 control cp68Eo0p5 LONMARK® compatible Program [gdo0p5u

oJpownogé controller o8 DX unit 8eup0S FCU o3 control codqf $& monitor codqf configure

6000200051 Fan Controller opes] ¢aodcopSs DX unit $¢ FCU 0303c0p5s control cp&8EaoaS

9. J.J DDC Terminal Block Assignment(UGM2484L)

eomio0d038,

Terminal Label Description Remark
Block No
T8O +24V 24 VAC Input(L)
COM 24 VAC Input(N)
AO1 Analog Output 1
COM Com terminal for AO1 & AO2
81 AO2 Analog Output 2 AO channels to be
AQO3 Analog Output 3 commanded via binding
COM Com terminal for AO3 & AO4
AO4 Analog Output 4
82 UIl - U4 Universal Inputs 1-4
COM 2 COM Terminals for UI 1-4 Each com shared by 2 UI
183 UI5 - UI8 Universal Inputs 5-8
COM 2 COM Terminals for UI 5-8 Each com shared by 2 UI
T84 UI9 — UI12 Universal Inputs 9-12
COM 2 COM Terminals for UI 9-12 Each com shared by 2 UI
TBS UI13 — UI16 | Universal Inputs 13-16
COM 2 COM Terminals for UI 13-16 Each com shared by 2 UI
UI17 — UI20 | Universal Inputs 17-20
T80 COM 2 COM Terminals for UI 17-20 Each com shared by 2 UI
87 UI21 — UI24 | Universal Inputs 21-24
COM 2 COM Terminals for UI 21-24 Each com shared by 2 UI
P3 High/Low frequency Pulse Input 1
TB8 COM Com terminal for P3 & P4
P4 High/Low frequency Pulse Input 2
TB9 TO1-TO8 Digital Output 1 - 8 °o channe.ls . t.o be
commanded via binding
N+ Network wire from previous DDC
810 N- Network wire from previous DDC
N+ Network wire to next DDC
N- Network wire to next DDC
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Q- J-9 DDC Layout & Wiring Diagram

MVAC(L) >

24VAC (N) >

FAN 1 STARTISTOP »

FAN 2 STARTISTOP » —§

FAN 3 STARTISTOP » —§

FAN 4 STARTISTOP > —

FE
El EEEE
HEE

FAN 5 START/ISTOP » —4¢

FAN 6 START/STOP >

=
(=]
&

ElEl
EE

—
FAN 7 STARTISTOP > —
FAN 8 START/STOP » —

FAN 1 V5D CONTROL >

COM WIRE FOR AO1 & AO2 >
FAN 2 V5D CONTROL >

FAN 3 V5D CONTROL >

COM WIRE FOR AO3 & AO4 >
FAN 4 V5D CONTROL >

TE1D

NETWORK WIRE FROM PREVIOUS DDC >

NETWORK WIRE TO NEXT DDC >

NOTE:
ALL DIGITAL QUTPUTS ARE 24 Vac TRIAC OUTPUTS ‘

FAN 1 ON/OFF STATUS >

B JBEE HEE GE

] ] Di

[x]
=]
=

COMWIREFORUI1&UIZ >
FAN 2 ON/OFF STATUS >

FAN 3 ON/OFF STATUS >
COMWIREFORUI1&UIZ >

FAN 4 ONIOFF STATUS >

A

&

- < FAN 6 TRIP STATUS
— < COMWIRE FOR UI 23 & Ul 24
I < FAN 5 TRIP STATUS

—< FAN 4 TRIP STATUS
+—< COM WIRE FOR UI'21 8 Ul 22
< FAN 3 TRIP STATUS

— < FAN 2 TRIP STATUS
—< COMWIRE FOR U119 & UL 20
I < FAN 1 TRIP STATUS

< FAN 6 OCCUPANCY STATUS
< GCOMWIRE FOR UI 17 & Ul 18
< FAN 5 OCCUPANCY STATUS

< FAN 4 OCCUPANCY STATUS
< GCOMWIRE FOR Ul 15 & Ul 16
< FAN 3 OCCUPANCY STATUS

< FAN 2 OCCUPANCY STATUS
< COMWIREFOR Ul 13 & Ul 14
| < FAN 1 OCCUPANCY STATUS

+ < FAN & MODE STATUS
+— < COMWIRE FOR Ul 11 & Ul 12
| < FAN 5 MODE STATUS

— < FAN 4 MODE STATUS
— < COMWIRE FOR UI9 & Ul 10
- < FAN 3 MODE STATUS

- < FAN 2 MODE STATUS
— <« COMWIREFORUI7& W8
I« FAN 1 MODE STATUS

— < FAN & ONOFF STATUS
—« COMWIRE FORUI5 & W6
I < FAN 5 ONOFF STATUS

Q9

Q-9 FAN CONTROL DDC U8F2484L

v

4________
J€-------

v

O Of e o o e e e |

o
=y

D

5
------ DO8 DI22 DI

Fan Controller USF2484L

[

3 DI24

Legend:

SIS = Start/Stop control
ST = On/Off status

TA = Trip Alarm

AIM= Auto/Manual status

6 Q-6 Type 1. M/V Fan Control
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Q-9-° Description
DDC 2005 fan & c:3208 control cpd8Ea0p51 LONMARK® compatible Program [gdaopSoopd
oJpownogE  controller [g¢ Mechanical Ventilation Fan o 03 control codg§ $& configure

00500200051

eomio0d038,

Fan1 ==== Fan X

---- [ororforfor]

vy

VVVY

=1

T 0 0 © T
DO1 DM DI2 - DI21 DI22 DI23 Di24

Fan Controller U8F2484L

Legend:

S/8 = Start/Stop control
ST = On/Off status

TA = Trip Alarm

A/M= Auto/Manual status
DI= Digital Input

c;) Q-Q M/V Fan Control & General Digital Input monitoring

Q-9-J DDC Terminal Block Assignment(U8F2484L)

Terminal Label Description Remark
Block No
+24V 24 VAC Input(L)
TBO
COM 24 VAC Input(N)
8D UIl - U4 Digital Inputs 1-4(DI)
COM 2 COM Terminals for DI 1-4 Each com shared by 2 DI
83 UI5 — UI8 Digital Inputs 5-8(DI)
COM 2 COM Terminals for DI 5-8 Each com shared by 2 DI
B4 UI9 — UI12 Digital Inputs 9-12(DI)
COM 2 COM Terminals for DI 9-12 Each com shared by 2 DI
8BS UI13 - UI16 Digital Inputs 13-16(DI)
COM 2 COM Terminals for DI 13-16 Each com shared by 2 DI
86 UI17 — UI20 Digital Inputs 17-20(DI)
COM 2 COM Terminals for DI 17-20 Each com shared by 2 DI
87 U121 - U124 Digital Inputs 21-24(DI)
COM 2 COM Terminals for DI 21-24 Each com shared by 2 DI
TO1 Digital Output 1(Fan 1)
TO2 Digital Output 2(Fan 2)
TB9 TO3 Digital Output 3(Fan 3)
TO4 Digital Output 4(Fan 4)
TO5 Digital Output 5(Fan 5)
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TO6 Digital Output 6(Fan 6)

TO7 Digital Output 7(Fan 7)

TO8 Digital Output 8(Fan 8)

N+ Network wire from previous DDC
810 N- Network wire from previous DDC

N+ Network wire to next DDC

N- Network wire to next DDC

Q-9-p DDC Layout & Wiring Diagram

MVAC(L) >

L

®
;0

g

24VAC (N) =

FAN 1 STARTISTOP >

FAN 2 STARTISTOP > —3
FAN 3 STARTISTOP >
FAN 4 STARTISTOP > —¢

FAN 5 START/STOP >
FAN 6 START/STOP >
FAN 7 START/STOP >
FAN 8 START/STOP >

FAN 1 ON/OFF STATUS =
COMWIREFORUI1&UI2>

—_—

—

L

NETWORK WIRE FROM PREVIOUS DDC >

HEBEEE B8 8
d 2

o9 o0®
ol =
=]

E!E

3R
i 8

-
m
=
=

|
®
@1

NETWORK WIRE TO NEXT DDC >

=
+

a

[ X
He
o
£

FAN 1 ONIOFF STATUS > M
FAN 3 ON/OFF STATUS > v | HE
COMWIREFORUI3& UI4> cou|
FAN 4 ON/OFF STATUS > O |
K

HE
eee

[]
O
[}
H

o1 B

—< FAN 8 TRIP STATUS

—< FAN 6 TRIP STATUS
—< COMWIRE FOR U121 & Ul 22
< FAN 5 TRIP STATUS

< FAN 3 TRIP STATUS

—< FAN 2 TRIP STATUS
—< COMWIRE FOR UI 17 & UI18
< FAN 1 TRIP STATUS

-< FAN 8 MODE STATUS
—< COMWIRE FOR Ul 15 & U116
< FAN 7 MODE STATUS

- < FAN 6 MODE STATUS
—-< COMWIRE FOR UI13 & Ul 14
< FAN 5 MODE STATUS

—< FAN 4 MODE STATUS
< COMWIRE FOR U111 & Ul 12
< FAN 3 MODE STATUS

—< FAN 2 MODE STATUS
—-< COMWIRE FOR UI % & Ul 10
< FAN 1 MODE STATUS

- < FAN 8 ON/OFF STATUS
-< COMWIREFORUIT& UL &
_ < FAN 7 ONIOFF STATUS

—< FAN 6 ON/OFF STATUS
—< COMWIRE FORUIS & W&
< FAN 5 ON/OFF STATUS

NOTE: ALL DIGITAL OUTPUTS ARE 24 Vac TRIAC OUTPUTS

Qe
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Q-G Constant Air Volume(CAV) AHU Controller(UAH1464L)

(D [so]
|

Exhaust Air
Supply AirFan
Filter Cooling Coil |
C .
Fresh Air Supply Air
c
= | |
-DPS T -DF"S
(Filter status) ~ [WFR (Fan status)
—(1T)
m m P .
Symbol Legend
Digital | i 3T: On/Off status
gital inpu T&: trip alarm

i

i

|

AM: Auto/Manual mode i
SD: Smoke detector !
Analog output DPS: Differential pressure switch
|

I

|

|

|

|

|

|

I

I

I

] WLD: Water leakage Detector
Analog input T: Temperature

""""""""""""""" ! WFR: water flow rate
I SI5: Start/Stop control
I
I
1

I
i [ ] Digital output :
O |
) |

M: motorised actuator

Q-G-o Description
Constant Air Volume(CAV) AHU o3 DDC controller(UAH1464L) [g¢ control cp&aonsoopdi
Inputs
UAH1464L model controller g€ Universal input (00)9 $& a Digital inputs (p)p 03 §o5e005
(connect) aonz00pdi
UAH1464L $C036] 32054 8E2005 sensor gpzend

(o) Digital Inputs(Dry contacts)

e Selector mode status ¢ Smoke detector status

¢ On/Off status ¢ General dry contacts
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e Trip status

( J) Universal Inputs (0-5 Vdc/4-20mA/ NTC 10K temperature/Dry contacts)
e Temperature sensors e Chilled water flow rate
« Valve position ¢ Universal inputs

Analog Input monitoring 83005 abnormal sensor reading qp:o? vo§0:q$ First order Low Pass
Filter method o3 saad4gjoon:00pdi
Vnew = Vold + C(Vin- Vold)
Where, Vnew = New reading to be updated in DDC
Vold = Old reading updated in DDC
Vin = Sensor reading,
C = constant (0.0~ 1.0)

. L Legend:
Typical CAV AHU Application T = Temp sensor
DI = Digital Input
Al = Analog Input
=] DO = Digital Qutput
O
=l AO=A

= al o 3 o S| nalog Output

g £ S 3 = = —

S e 3y E . 8 £

v -l o 2 s S g s

% < % % © | ) O :‘é E 8 o

g g o =22 s o o8 £ s

| | R o 5§ 2 < o

SEE  g2oT 3 23 2 3

— = - D = [=] o =

O olo > oD & = 2 o)

== o T o X 8 g = T z

= == & ST = v —| O = o

bl bl P A A

[ [ ] | ! i

P o ! I ]

! A [ | H

P P [ 1 H

P! P [ H |

P A [ H H

P IR Pl ] ]

[

YVV ___VVVYVYYV LA A AN !

-] -] o -] o -] -] -] o -] (-] -] -] -] o o L] o o o -] o o o

Ul Ui2|UI3|ui4|uis|uie |UIT fuig uisjuI1o| Uit Di1|Di2|DI3 TO1| TO2|TO3 [TO4|TO5 |TOE| |AO1|AO2|AQ3|AO4

12 bit ADC Channels 10 bit ADC Chs DI Chs Digitral Qutput Channels AQ Channels
UAH1464L
Q Q-00 AHU CONTROLLER DDC UAH1464L

Outputs
UAH1464L controller ooé Digital Outputs(24 Vac Triac) §c§ Analog Outputs(0-10 Vdc or 4-
20mA) o303 command co:§Ea0p5i 0o5p5: output signal cpodeosdEaodi

(1) Digital Output

Digital output channels (6)9d§aop5i channel 038:03 1 DO control 2300705 2 DO control =2[9d
configure cp68E20051

e AHU Start/Stop codg§sacgod(Individual schedule or manual control)

¢ DO 1 Start/Stop(Individual schedule manual control)

¢ DO 2 Start/Stop(Individual schedule manual control)
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« Fresh air damper Open/Close control/Floating control
¢ Re-heater On/Off control

(2) Analog Output

2 nos. of Analog output channels, these are —

¢ AHU Variable Speed drive control

* AHU Chilled water valve control (cooling sc;ogd‘San)
* AHU Heated water valve control (heating sgogcﬁoao)

Q-G.J DDC Terminal Block Assignment(UAH1464L)
Terminal Blocks Q9 Al§oopdn TB1 ¢ TB6 $& TB8 terminals o3[g®a0p5i

Terminal | Label Description Remark
Block No
B8 +24V 24 VAC Input(L)
CcoM 24 VAC Input(N)
TB3 TO1-TO6 | Digital Output 1 - 6 Only TO1 is used.
AO1 Analog Output 1
COM Com terminal for AO1 & AO2
B4 | AQ2 Analog Output 2 Only AO2 is used.
AO3 Analog Output 3
COM Com terminal for AO3 & AO4
AO4 Analog Output 4
N+ Network wire from previous DDC
81 N- Network wire from previous DDC
N+ Network wire to next DDC
N- Network wire to next DDC
TB6 UI1 Universal Input 1
COM COM Terminal for UI 1-2
UI2 Universal Input 2
uI3 Universal Input 3
COM COM Terminal for UI 3-4
ul4 Universal Input 4
UI5 Universal Input 5
COM COM Terminal for UI 5-6
uI6 Universal Input 6
uI7 Universal Input 7
COM COM Terminal for UI 7-8
UI8 Universal Input 8
TB5 uI9 Universal Input 9
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Chapter-7 Direct Digital Controllers (DDC) Wiring

CcoM COM Terminal for UI 9-10

UI10 Universal Input 10

UIl1 Universal Input 11

COM COM Terminal for UI 11

DI1 Digital Input 1

COM Com terminal for DI 1& DI 2
TB2 DI2 Digital Input 2

DI3 Digital Input 3

COM Com terminal for DI 3

Q.G-9 DDC Layout & Wiring Diagram CAV AHU

4VAC(L) >
24VAG (N) >

e e

— POWER

AHU START/STOP >

Com wire for AQ2 >
Ch_Valve control »

NETWORK WIRE FROM PREVIOUS DDC >:

NETWORK WIRE TO NEXT DDC >

RESET SWITCH

SERVICE SWITCH

|

— > CHWS Temperature -

— > GCom wire for U1 & UI2

> Return Air Temp -

— _» CHWR Temperature -
— _» Com wire for UI3

— > Com wire for UIf
— > CHW Flow rate —

— > Valve position —
— _> Com wire for UIT & UIB

| > Selector Mode -

— _» Filter alarm status -
— _» Com wire for UI9 & UMD

| > Water Leakage alarm —

— _» Smoke detector —
— _» Com wire for DI

— > Trip status -
— > Com wire for DIZ & DI3
— > On/Off status —

(;) Q00
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Cooling valve Temperature Control
A
No Max Output
Dead
Yes band
] RA Temp
Min Output
I >
Modulate cooling valve Close valve SA
Setpoint
A Proportional
” band
Valve Interlock with AHU status ¢ QoY
0.G.G CAV AHU Typical Sensor Termination
& e
— . FOWER — (&) NTC 10K Thermistor
MVAC(L) » NTC 10K Thermistor
Z4VACN) > | cou|
E‘ij NTC 10K Themistor
JUMPER SETTING 05 Ve
ul1-s
ey Vaoltage - RET  Power
OPEN
%% Device +| |*VDC  Supply
ol —[l]lR:I—JCJ 0-10 Vde
CLOSE
5: H2 COM
& . " VALVE POSITION
B @ M. || FEEDBACK
mE e b 0| EEE
[[] OPEN FEE
Bl cLOosE LA 03| mEm
AD1-AD4 .
EEE 010 Vde 04| (@@
B4
- E] Dry contact Digital Input
HEE 4-20ma V| = co igital In
Dry contact Digital Input
BESETSHITCH @ Dry contact Digital Input
SERVICE SWITCH _—\l"'.
@O0
ARV RAT

TYPICAL SENSOR TERMINATION

QUOR
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Q-§ VAV AHU 028cd: &il Controller $& Control Logic

¢ Q-oG Building Automation System(BAS) %AHU graphic ¢

Building Automation System S [g€ecgqecy§oopd AHU graphic o soso =0[gd
eedlgoonzaopdi AHU oodcdsell Direct Digital Controller(DDC)$E  Control logic o3 o3coq$
2005000 6ed[gaoadgls [§6o0p0n 260080503 Building Automation System ©333603€ oo

8860051

(2nes) [sT][forc] sp]
> [

Exhaust Air > E/A Damper
By

|0fC |~ "\ /|| RIA Damper

(2nos) | ST Supply AirFan
Filter Cooling Coil .j @
> © Supply Air
Fresh Air Sy
< c | b |

Ps
2 nos.
BIP Damper (Filter status) (Fan status) (2nos)

< | & |
o) o | L L
[w.o]
@

$ Q-o8) () Air Handling Unit 0089 field device gpa Input $& Output g0 ceSgoonsd
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WLD: Water leakage Detector  O/C: Open/Close control
T: Temperature
$ Q-og) () Air Handling Unit 0o&9§) field device qpai Input $& Output gpseil Legend

U eombn | Legend SP: Static pressure

i Symbol: !

i Diaital inout | ST: On/Off status RH: Relative Humidity
igital inpu

i I:l J P i TA: trip alarm WFR: water flow rate

i [I:l Digital output 1+ A/M: Auto/Manual mode KWH: kilo-watt hour

i C) Analog output i SD: Smoke detector S/S: Start/Stop control

1 [ . . . .

i D Analog input i DP.S: Differential  pressure VSD: varl-able speed drive

i | switch M: motorised actuator

| |

1 |

Q-§-0 Description of DDC Inputs and Outputs
Variable Air Volume (VAV) AHU control application qps320305 saads{gjoonsoop Direct
Digital Controller (DDC) 20p5 model UAH2484L o3 (9620201

Direct Digital Controller (DDC)eh Input qp:
Direct Digital Controller(DDC) UAH24842L $E03q) 22%4gi8€@ao Input qps oo

(1) Digital Input(Dry contacts)
Direct Digital Controller(DDC) UAH24842L $& Digital Input (0§))92208 §jc5s005(connect)

880005y

Typical VAV AHU Application

Legend:
T = Temp sensor
=l DI = Digital Input
— — Al = Analog Input
5 3 S —_ Pl = Pulse Input
. @ = w— o~ L
=3 = EE -§ = = &~ - DO = Digital Qutput
55 I o e P = [ 5 o g o © @ 5 AQ = Analog Output
e e R e L = = o o 2 2 £ =
=5 _o 323 5= i g =g TEE I
""(qu LT @)= » 2 Ol & ® W » ® =l S _
R KPS 1Y 9 <9as &3S g 5 g &

o = w 5 o o &= = ©
EEEEEEFEERE-FEREEEEEEEE g 9 £§5§ 23
So> o anoesE > £ 2 8 E SR R 2 g g o o § £
EERSITEEETS = g ? o s S wl v 6o oo & & 2 g B o 5
= Z|ol = zzw—lc ol ° g = o <+ 2 = = 8 = = = 2 QE g g o

= = o < o = B << < = © w O
|T|'|I'|AI|AI| IT|T|Dl|g|ﬂ| Sl =l =l u mi_T_ =le o = & E al a ; @
T 11 T i T o =
T PPEEEE] ] EEEE A 253 3
by bloipiebrEly s BIRIRED P 2833 3 E
A T R R [ N | [ T N T T B | 1
| T T T L T T [ T T T | 1 @W@W
L T T T | I I T [T T T R T T B | 1
| T T T R B T S [ [ T T T O T | I
T A I | [ ]
VYVVVVVVVV VVVVVVVVVVVYVYYV V¥
e|lojo|e|e|o -] eleo|o ] ] Qo <o Qo -] <o o o - o o -] - -] L] -] -] 1-] o
UIUIZ|UI3 U4 {UIS UIsUIT (UIgU IS |UHO|UIT U2 U 3 U4 U5 UM e |UIM T|UI8|UI S|UI20|UI21|UI22|ui23{u 24 P3 TO1|TO3 [TOS5 [TO& AQ1|AQ2
10 bit ADC Channels 12 bit ADC Channels Pl Digitral Qutputs AQ

& Q-0 VAV AHU 008cd: @i controller § Input $& Output gpso? eedgoond
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VAV AHU 006cd: & controller $& control logic saa{o3pE:03 Geb[goonzapbi
Digital Input sa§jgeaonsqpien

e Selector mode status

e  On/Off status

e Trip status

e Smoke detector status(maximum 4 nos.) §§

*  General dry contacts(maximum 8 nos.) o3[g®a0p51

(2) Analog Input(0-5 Vdc/4-20mA/ NTC 10K temperature)
Direct Digital Controller(DDC)UAH24842L $& Analog Input (o)) §o5s005(connect)$Ea051

Analog Input sa§jzzo003qpsen
e Temperature sensors(maximum 4 nos.)
e  Static Pressure
e Chilled water flow rate
e CO5¢
e Universal Input(maximum 5 nos.) o3g®aoa5

Analog Input monitoring 320305 $wSeupodeoo(abnormal) sensor reading qpso?
0o§000:98 “First Order Low Pass Filter Method” o3 s2a%4{gjoo0:00001

Vaew = Vota + CWVin-Voia)
Where, Vnew = New reading to be updated in DDC
Vold = Old reading updated in DDC
Vin = Sensor reading,
C = constant(0.0~ 1.0)
(3) Pulse Input
Direct Digital Controller(DDC) UAH24842L $& pulse Input (0)9 05005 (connect)
§Co0p5im086sd: pulse width 2005 §08c8ogr&(50ms) [gdoopdi Accumulated counter 05
o0$8s(value) 0 ¢ 1,999,999,999 3208 aud[y(display)$Eo0pd
Output gp:
Direct Digital Controller (DDC) UAH24842L oop_S Digital Output(24 Vac Triac) & Analog
Output(0-10 Vdc or 4- 20mA)gpz0? 000560:8E20p51 Command cos§Eaopdn
Variable Air Volume (VAV) AHU &l DDC Layout $& Wiring Diagram
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87 g /J
24VAC (L) > W fues R/A Damper 2 status — |
L EE cou - 5 Gom wire for U5 & UH6
4VAC (N) > E.-l ) | > RIA Damper 1 status —
AHU START/STOP > BE Ve — _> Water Leakage alarm —;
CEE - " Com wire for UI21 & U2
. Bypass Damper Open/Close > E.-.. [T - > Filter alarm status —
T8E
- Exhaust air Damper Open/Close > =] fuizo r > (if) Static Pressure 2 —
] SIS e - > Com wire for UH9 & U120
] [O[D]
Return air Damper Open/Close > smm U - (i) Static Pressure 1 —
Eliﬂ una - > C02 Level
-Ch. Valve control > = COM — > Com wire for UMT & UI18
Lh. Valve control > | _
Com wire for AO1 & A2 > o= 2 BIP Damper status —
-VSD control> e
— TBS
NOTE:
| _
1) ALL DIGITAL OUTPUTS ARE 24 Vac TRIAC OUTPUTS HE qune 2E/A Damper 2 status —
) . . COoM > Com wire for UI15 & U6
2)  [#) Add in New Static pressure sensors om 1 S E/A Damper 1 status
v = . +
3) ") Existing static pressure connect to U9 — —
4)  [5) Only applicable for Tower 2 mEE  funs - 2 Selector Mode -
oM - > Com wire for U3 & Ul14
NETWORK WIRE FROM PREVIOUS DOC > B jus - > Trip status -
TB4
NETWORK WIRE TO NEXT DDC > mm  [funz - 2 OnlOff status -
COoM - > Com wire for Ul12
EE  fum
KWH pulse > EE fune - > CHW Flow rate -
oM - > Com wire for U9 & U0
EE fus [(H--—-- L > Minimum Static Pressure -
TES
- Supply air Temperature > EE  §us - _> Smoke detector -
Com wire for Ul1 & Ul2 > COM - _= Gom wire for UIT & UI8
—Retum air Temperature > ||| urr | > CHWR Temperature -
—RHlevel> Ol fus — _» CHWS Temperature -
Com wire for UI3 & Ul4 » oM — _» Com wire for UI5 & Ul
- VSD feedback > =E Nus | > Valve pesition —

$ Q-oq Variable Air Volume (VAV) AHU &l DDC Layout $& Wiring Diagram
(4) Digital Output
Direct Digital Controller(DDC)UAH24842L oaé Digital output channel (§)
a00560:§E20p5 Channel ood9giE:803 Digital Output control (0)9 33[g® configure co6§Ea005

AHU 00d9ad: centiq$/qdes

AHU Start/Stop(Individual schedule or manual control)

Fan 1 cenC:q$/q0q

Fan 1 Start/Stop(Individual schedule manual control)(used as By pass damper control )

Fan 2 cunsq$/q0qs

Fan 2 Start/Stop(Individual schedule manual control)

Return air damper g&q$/305q§

Return air damper Open/Close control(interlock with AHU operation)

Exhaust air damper g&q$/305$

Exhaust air damper Open/Close control(interlock with AHU operation)

Variable Air Volume (VAV) AHU @&l Typical Sensor Termination
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JUMPER SETTING

Ul 1-16
[=][s] OPEN
B CLOSE

ui17-24
<1[=]
[=]EJE OPEN
E.... CLOSE
P1.P4
[=1(s] “OPEN (PULSE)
[EE CLOSE (D)

AO1-AD4
EEE] 0-10 Vde

FIEE 4-20mA

Chapter-7 Direct Digital Controllers (DDC) Wiring

e
o]+
ol
!2

2

- = -
EEEE 8E

-
(=]
=

-
AH
H =
O B3
B =

L0 N
o P [l
AEE

oo 0o
#[z]=] =[5
io[e] [o]

Pulse Input %

“
BB HE
B o
o

NTC 10K Thermistor €

NTC 10K Thermistor  {

Fower Supply
+VIDC RET
4-20mA J
Sensor 249-0hm

L)
BHE BH
[ |
[CRE C |

> [ 4

TBT ]
— @ Dry contact Digital Input
uiz4
FEE 8ow
EI“ 3] Dry contact Digital Input
EE Nz
EEE e
IE.I.I Utz
TES
o[D| Voltage + [ {+VDC  Power | g5vde
EEIEI Device -|—| RET Supply | ~
FEE Current
| T i Transmitter L20mA
m.
= 249-ohm T SDE Sensor
Power Supply

Dry contact Digital Input

Dry contact Digital Input

Voltage +|—|+VDC  Power | g5vde
Dewvice -|— RET  Supply
EE
mE
]ll Dry contact Digital Input
EE l
TB3
(m[m] VALVE POSITION FEEDBACK
m Lo com
(]|
com| ] — R 0-10 Vde
FE s —I o 0-10 Vde

L]
*®
| RESISTOR R= 1M£y, 0.25 WATT, 5 % Tolerance

¢ Q-0 Variable Air Volume(VAV)AHU &l Typical Sensor Termination

(5) Analog Output

Direct Digital Controller(DDC) UAH24842L 2005 Analog output channel $69 0005608005
o AHU Variable Speed Drive(VSD) control $&

 AHU chilled water valve control o§ ﬁ&néu

Q-§)-J DDC Terminal Block Assignment (UAH2484L)
Terminal Block (Q)9 Al§oopSi TB1 ¢ TB6 $& TB8 terminal o (962051

Terminal L
Block No Label Description Remark
T80 +24V 24 VAC Input(L)
COM 24 VAC Input(N)
AO1 /Analog Output 1
TB1 |COM Com terminal for AO1 & AO2
AO2 Analog Output 2
TB2 |UI1-UI4 Universal Input 1-4
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COM 2 COM Terminals for UI 1-4 Each com shared by 2 UI
83 UI5 — UI8 Universal Input 5-8

COM 2 COM Terminals for UI 5-8 Each com shared by 2 UI
T84 UI9 — UI12  |Universal Input 9-12

COM 2 COM Terminals for UI 9-12 Each com shared by 2 UI
— UI13 — UI16 (Universal Input 13-16

COM 2 COM Terminals for UI 13-16 Each com shared by 2 UI
186 UI17 — UI20 |Universal Input 17-20

COM 2 COM Terminals for UI 17-20 Each com shared by 2 UI
87 UI21 — UI24 |Universal Input 21-24

COM 2 COM Terminals for UI 21-24 Each com shared by 2 UI

P3 Pulse Input
TB8 |COM Com terminal for P3 & P4 Only P3 is used.

P4 Pulse Input

o Only TO1,3,5,6 are used.
TB9 [TO1-TO8 Digital Output 1 - 8
TO3 not used for Tower 1

N+ Network wire from previous DDC

N- Network wire from previous DDC
TB10 N+ Network wire to next DDC

N- Network wire to next DDC

Q-§-9 AHU Control Logic
AHU o3& operating mode (§)§js §oopdn

(o) Purge mode

(J) Alarm mode

() Normal operation mode

() Manual control mode $&
(§) Bypass damper control o3 [gdoopdi

(o) Purge mode

Purge mode 20p5 $505602605 AHU 06wl 0n6pocd: 3208:32038:§e52000 6r000d
GocuMEigPiod 3082080 900DV cronsgpiyScopdeugtlydoopdn “Flushing Mode”
opcopSseal 20pd

Network ¢ purge coSq§ command Go:agi€ a8wwpod network ¢ purge mode o3 enable
c060q€ controller 2005 “Purge Mode” a30w05 “Flushing Mode” 03 00oEa0p5
Controller ¢ 6330050l output qp:or% or[)orSeo:ooo(command cu:ox) controlled device qp:o%
000E660a0N

e On/Off sagzza00s(type) exhaust air damper o3 g&oopdi (set to open)

*  On/Off sagzza00s(type) return air damper o3 8odoopdn (set to close)
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e AHU supply air fan o3 eenls(run)oopdi  Fan speed 20pd “Purge Mode” ¢ set point

3203¢{gd 0051

* Modulating 3>§jg3a00:(type) chilled water valve o3 30520051 (set to 0%)

(J) Alarm mode
320005¢] smoke detector activate [§ag€ “Alarm Mode” o3 0ooCoopdi  &:8sqp: AHU

32098293 Gepodfamncamnelopt 0d8:8sqp: 3vedigpieacytiad of) 4e0qs AHUGS qdonseo qopdi
Blower &1 VSD speed o3 0% (set to 0%)[gdeooopdi

Return air damper o3 8o52000(set to close)

320005¢] AHU qbesagi€ chilled water valve o3 32[gpd305(fully close) consaopSireturn air
damper o3¢& (open) copSi Exhaust air damper o3805(close)aopdi

() Normal operation mode
AHU conigla  qO[ges(start/stop)od  cpaBuBodEewnts§aopbi(manually)  o8ewpod
c0pde0:000:2005 schedule qp:ea03Es GenE:8Ea0001
AHU o3 DDC ¢ een&sg€a qO[gEs [gjrpde§3a0305 mode selection switch a8wwpdb selector switch
o3 “on” conqepdi 93ewrod Auto mode BelgpEiooneuiqepdi sa0ude) Mode selection switch
a30wn0d selector switch 205 local mode a3eepodesag€ DDC ¢ cunlsfgls qO[ge: [giopd
8Ec86ep5 vupdbeol
(g) Manual control Mode
AHU eonéies0d
o On/Off 3a§zmoons(type) exhaust air damper o3 805200 (set to close)
e On/Off sa§jzzaens(type) return air damper o3 g&oopdi (set to open)
e AHU supply air fan o3een&:q§ fan speed aopS static pressure setpoint 22038:q§g$s20305
PID algorithm 90005600009 output contol singal 22038 VSD 03ewné:q$ (960051
* Modulating sa§je3200:(type) chilled water valve o3 cooling set point 203E:q§q$320305 PID
algorithm ¢ooobe0:a0pd output contol singal 3203E: modulating actuator o3eenC:q$

82005

AHU qBoonsag€

e On/Off type Exhaust air damper o3 8oSoopSu(set to close)
*  On/Off type return air damper o3 g&o0pdu(set to open)

* VSD output o3 0 % 33[gdaonz00p5n (set to 0 %)

* Valve output 63 0 % sa[gboonz00p5n (set to 0 %)

(§) Bypass damper control
Bypass damper control 20p5 AHU $& interlock ocpSoonsdl
8ad[gt: 1 ¢&[gCs(open/close)o manually a300p05 schedule control [g&[giapE8E0pS
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Chilled water valve control

PID control algorithm [g¢ modulating type chilled water valve o3 control cp&aopdi
Actuator 2005 0~10 Vdc control signal o3 saad:gjoons000d 3a§jpeaon: [§20p5!
Temperature setpoint saogo% default PID parameter qpzed

o default setpoint 2005 12°C [gd2051

e Supply air temperature 2005 control PID loop 320305 reference input (620251
* Proportional band &l default value 20p5 5.0 °C [g®0p5

* Dead band &l default value 205 0.40 °C [g&2005u

Cooling valve
A
Max Output Temperature Control
No
Dead
Yes band
SA Tem
Min Output P
|
Modulate cooling valve Close valve SIA >
Setpoint
¢ ¢ Proportional
’ band
¢ Q-oegModulating valve control ¢ Q-JoTemperature control

Integral ol default value 2opS 120 sec [g®[3s derivative constant default value 2095 0 sec
[§620p51 (00855:3249¢ PI control axfgdoopdi )

Supply Fan Variable Speed Drive (VSD) control

PID control algorithm [g¢ Fan eo5o2 Variable Speed Drive(VSD) o3 control cpbaopSi Output
Signal 2005 0~10 Vdc 03 32084g|0o:00p9 3a§E32022 [gd20p5!

Temperature setpoint 990908 default PID parameter qpzed

* Default setpoint 2005 100 Pa [g20p5

e Minimum supply air static pressure 20p5 control PID loop 220305 reference input  [§620251
Sensor range 2005 0~1250 Pa [§62051
« Proportional band i default value 2005 100 Pa [§62051

o Dead band & default value oap_S 10 Pa @Sooéu

Integral ¢l default value 2005 60 seconds [4b[3s derivative constant default value 2005 0
sec [g520p0n (00dsp5s3201{gE PI control 2o0[gdaopdi )
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A VSD ‘
Max Output Static Pressure Control
No
Dead
Yes band
Min Qutput
I >
Modulate VSD output VSD output=0% SA Static
SASP Pressure
Setpoint
¢ ¢ Proportional .
band °
¢ Q-Jo VSD control ¢ Q- Static Pressure Control

Q-6 VAV Box DDC Controller(Model: UAV0520L)
Q-6.0 Description

UAV0520L oopS Variable Air Volume(VAV) Box controller [g620p51  LONMARK®
Functional VAV Controller Profile program [g€a3¢) saaddgjoopSi o controller o3 cooling only
application 2[gd a%:q§ configure coSoon:00001 space temperature o3 saaddgjopon set conzo0pd
set-point 2203¢&: [gese0q8 DDC controller oo 08§:c0s002:00051

Thermostat Floating type damper actuator o$
> ® / > T F200g|co2eG: cool air o3 space sacpE:ad
! damper © o0%0& co:doopdn cool air

0o DDC controller 20p5 airflow rate
o3 control cpdeodGs set-point temperature
qesEadS000:60:00001 Cooling Maximum

. - Flow $& Cooling Minimum Flow 00§8:03
VAV Controller VAV Box controller program 3303E:3
Cooling Only Application ooéeo:cﬁd%ooéu
QUR
Q.@. J Control of Pressure Independent VAV Operation
Aurflow gm Max flow

A

Min flow

: >
: Output of Temp
0 % 100 %  control loop

? Q-JG Note:(¢) Min Flow setting will change according to Occupancy status.
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Temp PB=5.0°C

Temp DB=0.3°C

Integral Time=240 sed
Max Flow Flow DB=50
Min Flow
L] - :
Temp Set point 'I";mp‘l.:ont::I 00k v Y IfeerdRion 4 0pen= C O;[T)lai]ie(l

Loop

h 4

SV :@—b Damper Control p| Temperature
J T Close

Actual Flow — Kf Py

Manual Qverride

¢ Q-Jg Air Flow 2005 Maximum Flow $& Minimum Flow o0§8:8933(030203E 000§aopd

qQ.6.p DDC Terminal Block Assignment(UAV0520L)
Terminal Blocks (q)9 d§aopSi TB1 © TB6 $& NET terminals 03620051

Terminal Label Description
Block
COM 24 VAC Input(N)
T8l 24V 24 VAC Input(L)
MO Motor Open(Triac output for Damper open control)
TB2 24V 24 VAC output to damper actuator
MC Motor Close(Triac output for Damper close control)
RV1 Not used
TB3 RV2 Not used
RV3 Not used
R4 24V Not used
FAN Not used
COM Common(Ground) for Thermostat
+5V +5 VDC Power Supply for Thermostat
TB5 TS Space Temperature Sensor input
T/0 Set point adjustment input from Thermostat
EXT Not used
+5 +5 VDC Power Supply for Occupancy Detector(If connected)
TB6 oD Occupancy Detector Input from sensor
COM Common(Ground)
NET N+ Network Input
N- Network Output
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N+ Network Input
N- Network Output

Q.G.c; DDC Layout and Wiring Diagram
Top tube to “High™ Port

Below tube to “Low™ Port

RSTLED @ RSTSW
[<—— RESET SWITCH

Power for Occupancy Detector

(Optional) 4| +5V |TBs \§—5 PWRLEDQ)
"""""""" 1 oy H
COM

<1 com / o O\ uv >
0\
'\

AC 24V Power Input

com (e} . MO |iw-reD
f — .
r ) TB?| 4V Built-in
+5V  |TB3 \ p— | BROWN Damper Actuator
0-3 mbar 0.5-4.5 VDC / MC
. ! s ORANGE
TS \ (O Differential Pressure /
I sensor O
,,,,,,,,,, TIO
TB3
4{{ N+ [NET
Network from previous DDC
<+ N B4
<4 N+
Network to next DDC
< Point to ceiling or floor
. E—

N-
— ‘&’ SV
SERVICE SWITCH .LE:)

SVCSW

QU9
Q-q Lighting Controller DDC(ULC0882L)

Q-Q-o Description

ULC0882L 205 Lighting controller 95fg6 32035gjc0n:00p9 pown|gdoopS Program aopd
LONMARK® standard o3 compatible [gdaopbi  ULC0882L modle DDC controller o3 configured to
Lighting DB o3 control cpde$ $& DB @i On/Off status o3 monitor cp6q$320305 3a094gjcon:00051

Universal inputs sagpsed: (0)9[g¢ monitor cp68Ea0pbn  ULC0882L o3 connecte cvd§Ezom
sensor 3>§E300gPied

(o) Digital Inputs(Dry contacts) () Analog Inputs(4-20mA) .§§

(J) Analog Inputs(0-5 Vdc) (G) Temperature sensors(NTC 10K Thermistor, -15°C to

100°C) 0%@603&5"

o) pownogd Dry contact digital input o3 00 3a094gjcos0005

Q-Q- Output channels
Controller C)Oé Digital Outputs(maximum 8 nos. 24 Vac Triac) .§§ Analog Outputs
(maximum 2 nos. 0-10 Vdc) o3 o3 command cp&8Ea0p5i
o) poenold Digital Output(DO) sadjseen203000 3a0%:gjoos00p51
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Typical Lighting Controller Application

Legend:

DI = Digital Input
NO = Niaital Outnut

L[:|_||D||D|||DI||[:|||D'||[:'||D'|

I

| | I I | | I 1

| | 1 I 1 | 1 | 4 A

I [ I ! ! ] ! !

I [ T ' ] ! ! !

| [ | ! ! ! | ! !
YVYVVYVYY | I

-] o o o o o -] o o Q00000 o o o
U4 U2 UIB U4 Us Uie U7 U | TO1 TO2--- TO7 TOBJI_ AO1 AO2 J
12 bit ADC Channels 24 Vac Triac Outputs Analog Output
ULCO0882L

¢ q-J6 DI = Digital Input and DO = Digital Output
Terminal Blocks 99adIEs (q) 9§05 TB1 © TB6 $& TB8 terminals o3{gdoopdi

Q-Q-9 DDC Terminal Block Assignment (ULCO882L )

Terminal Label Description Remark
Block No
81 AC24V 24 VAC Input(L)
COM 24 VAC Input(N)
TB2 TO1-TO8 DO Channels 1-8
TB3 AO1-AO2 AO Channels 1-2
TB4 UI1l Universal Input 1
COM Com for UI1 & UI2
uI12 Universal Input 2
uI3 Universal Input 3
COM Com for UI3 & UI4
ui4 Universal Input 4 o
- All UI are digital inputs
UIS Universal Input 5
COM Com for UI5 & UI6
8BS ul6 Universal Input 6
uI17 Universal Input 7
COoOM Com for UI7 & UI8
uI8 Universal Input 8
N+ Network wire from previous DDC
TB6 N- Network wire from previous DDC
N+ Network wire to next DDC
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Network wire to next DDC

q.Q.G DDC LAYOUT & WIRING DIAGRAM

24 VAC (L) >
24 VAC (N) >

DO1>=
Do2=

DO3=
DO4>=

DO&5>=
DOE=

DOT>=
Dog=

—
—
f—
f—
fe—
.

—
—

RESET SWITCH

SERVICE SWITCH

POWER

HE
05
06

ToT
TO8

HE
AD1
COM
AD2

RESET

e O

<NETWORK CAELE
- FROM PREVIOUS DDC

<NETWORK CAELE
TO NEXT DDC

= DIGITAL INPUT

= DIGITAL INPUT

= DIGITAL INFUT

> DIGITAL INPUT 8

> DIGITAL INPUT &

> DIGITAL INPUT 3

> DIGITAL INPUT 2
> DIGITAL INPUT 1

7

]

4

NOTE: 1) EACH COM TERMINAL TO BE SHARED BY 2 UI TERMINALS
2) ALL DIGITAL OUTPUTS ARE 24 Vac TRIAC OUTPUTS
3) ALL ANALOG OUTPUTS ARE 0-10 Vdc

® QU6
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Q99 Typical Sensor Termination

SERVICE SWITCH

% POWER SERVICE JUMPER SETTING
m @ O A ][] OPEN

CY AC2H Il CLOSE

o

TB2
®
o
o
o m]= Dry contact Digital Input 8
L N TO5 Dry contact Digital Input 7
]
o
® W Dry contact Digital Input 6
® Dry contact Digital Input 5
EE
EHE Dry contact Digital Input 4
Dry contact Digital Input 3
]
(] Dry contact Digital Input 2
Dry contact Digital Input 1
WINK
RESET SWITCH
UU
ULCO0882LT7V1

DDC internal schedule o3 o] Lighting Distribution Board(DB) start/stop control
[gic9E00p51 DDC oB&:a005  Lighting DB (9)9 &l status $& Start/Stop control capb8Ea005u

ULCO0882L
T7V1
Lighting DB status Lighting DB Output
P DI DO >
Qe

ULCO0882LT7V2
Male/Female toilet lighting o3 control co68&a0051
Toilet 03&:3 Occupancy detector o CAV controller(E1/E2) & §odsood(connect)g) 99:0000n

7-26



eomEs0005028 Chapter-7 Direct Digital Controllers (DDC) Wiring

detector activate [gdagiToilet lighting o3 g&q$(turned on) [gdoopdi Occupancy status changes
20p5 unoccupied status a3e[gpE:{Gse5005 s ma5p5:cudo(Gee(delay) Toilet lighting o3
80598 [gBoopS

Software binding

CAV / \ ULCOSS2L
(E1/E2) T7V2

Occupancy Detector nvoSnsOcc nviOccup ancx Lighting Output

oD Do H—p

QQJe

Q.© GENERAL MONITORING DDC UGMO0882L

Q.0.0 Description

UGMO0882L is General Monitoring controller [g9aop5i Universal inputs (e)9 8208 monitor
068 E2005
UGMO0882L $& §ods005(connect) §E2005 sensors §jezaonigpien
(@) Digital Inputs(Dry contacts)
) Analog Inputs(0-5 Vdc)
€)) Analog Inputs(4-20mA)

Analog Input monitoring 320305 abnormal sensor reading qpso? V§0egH

First order Low Pass Filter method o3 saaddgjcon:a0p5i
Vnew = Vold + C(Vin- Vold)
Where, Vnew = New reading to be updated in DDC

Vold = Old reading updated in DDC
Vin = Sensor reading,
C = constant(0.01~ 0.99)(Refer to SCPTdebounce)
(g) Pulse Inputs(minimum pulse width 500 ms)(0-9999 counts)
Note: Accumulated counter value is saved in battery backed up RAM in the DDC;
this value will be kept if DDC power is recycled.
() Temperature sensors(NTC 10K Thermistor, -15°C to 100°C)
Output channels
Other controllers via binding can command Digital Outputs(maximum 8 nos. 24 Vac
Triac) & Analog Outputs(maximum 2 nos. 0-10 Vdc) of UGM0882L.
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General Monitoring Application

Legend:

T =Temp sensor

DI = Digital Input

Al = Analog Input

Pl = Pulse Input

DO = Digital Output
0-5 Vde 4-20 mA AO = Analog Input

mr
v

B

4
v L

imiT A A
Vevv ey

o (-] o -] 00c000 o o o
| M U2 U3 U4 U5 Ul U7 UB I-To1 102..- T07 TOBJ |_ AO1  AD2 J
12 bit ADC Channels 24 Vac Triac Outputs Analog Output

UGMO0882L

Co

Q Q90
There are total 7 Terminal Blocks, TB1 to TB6 & TB8 terminals.

Q-9. Terminal Block Assignments(UGMO0882L)

Terminal Label Description Remark
Block No
81 AC24v 24 VAC Input(L)
COoOM 24 VAC Input(N)
DO channels to be
TB2 TO1-TO8 DO Channels 1-8 o
commanded via binding
AO channels to be
TB3 AO1-AO2 AO Channels 1-2 .
commanded via binding
TB4 Ull Universal Input 1
COM Com for UI1 & UI2
UI2 Universal Input 2
UI3 Universal Input 3
COM Com for UI3 & UI4
ul4 Universal Input 4
UI5 Universal Input 5
COM Com for UI5 & UI6
uUl6 Universal Input 6
TB5
ul7 Universal Input 7
COM Com for UI7 & UI8
UI8 Universal Input 8
TB6 N+ Network wire from previous DDC
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N- Network wire from previous DDC
N+ Network wire to next DDC
N- Network wire to next DDC

Q.. Typical Sensor Termination

24VAC (L) > ——
24VAC (N) > ——]

Do1> ——4
po2> —4

DO3>= —
DOd4> —

AD1=
COM =
AD2Z>

DO5s5= —
DO6> ——

po7> —
DOg> —

(XN XN NN RN [N
BE EE EE E&

&

RESET SWITCH

SERVICE SWITCH

<NETWORK CAELE
FROM PREVIOUS DDC

<NETWORK CABLE
TO NEXT DDC

> UNIVERSAL INPUT 8
> UNIVERSAL INPUT 7

> UNIVERSAL INPUT &

mE > UNIVERSAL INPUT &

]| > UNIVERSAL INPUT 4

> UNIVERSAL INPUT 3

[x]
[}
=

> UNIVERSAL INPUT 2
> UNIVERSAL INPUT 1

=]

=]

EE
=
=

DDC LAYOUT(Controller Model UGMO0882L )

NOTE: 1) EACH COM TERMINAL TO BE SHARED BY 2 UI TERMINALS
4) ALL DIGITAL OUTPUTS ARE 24 Vac TRIAC OUTPUTS

5) ALL ANALOG OUTPUTS ARE 0-10 Vdc

Q Qo
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Q-©.G DDC LAYOUT & WIRING DIAGRAM

eomio0d038,

RESET SWITCH

SERVICE SWITCH

JUMPER SETTING

[JC] OPEN
B @ cLOSE

RESISTOR R= 10 K2 or 100K,
5 % Tolerance

VALVE POSITION FEEDBACK

O 010 vde

0-10 Vde
o com
EET +\DC
i Power Supply ]
= 249-ohm 4-20mA Sensor
Current
- Tramzmatter|
—— Voltage + —|+VDC  Power 0-5 Vde
Device -|—| RET Supply
NTC 10K Thermistor

Dry contact Digital Input or Pulse Input

TYPICAL SENSOR TERMINATION

?QRJ

Q-@ General Monitoring DDC UGM2484L

Q-@-° Description
UGM2484L is General Monitoring controller o&

Maximum 24 nos. of Universal inputs $& monitor co6q$ 2 nos. of High frequency Pulse inputs
AloCaopn

UGM24842L controller $& §odsond(connect) 820035 1/0 point gpzen
Digital Inputs (Dry contacts)

(0)
)
€))
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Analog Inputs (0-5 Vdc)
Analog Inputs(0-20mA)

Analog Input monitoring 320305 abnormal sensor reading gp:03 v>§0:qS First order
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Vnew = Vold + C(Vin- Vold)
Where, Vnew = New reading to be updated in DDC
Vold = Old reading updated in DDC
Vin = Sensor reading,
C = constant(0.01~ 0.99)(Refer to SCPTdebounce)
(G) Low Frequency Pulse Inputs(counter value 0-9999)
(minimum pulse width 500ms)
(§) High Frequency Pulse Inputs(counter value 0-1,999,999,999)
(minimum pulse width 50ms) (Only for terminal P3&P4)
Note: Accumulated counter value is saved in battery backed up RAM in the DDC;
this value will be kept if DDC power is recycled.
(6) Temperature sensors(NTC 10K Thermistor, -15°C to 100°C)
(Q) Temperature sensors(Platinum 1K RTD type)(Only for UI17-UI24)

Q-€-J Output channels
Other controllers via binding can command Digital Outputs(maximum 8 nos. 24 Vac Triac)
& Analog Outputs(maximum 4 nos. 0-10 Vdc/0-20 mA) of UGM2484L.

Legend:

General Monitoring Application T = Temp sensor
NTC10K DI = Digital Input
Al = Analog |
420 mA LPI=II_1:v?gr:§llitulse Input
-20m HPI = High Freq Pulse |
| DO= Dilgital gﬂtpﬂtse ot
o RTD 1K AQ = Analog Output
L | 05 Vde
| o 5w
L =
N T
VYV VvV _VVVY V VV ¥
Ut U2 - -----memmae e s 115 UI6| U7 UI18 - - UI23 ui24| |P3 P4 01 TO2 ----- TO7 TOB 01 AO2 AO3 AO4
10 bit ADC Channels 4 |_ 12 bit ADC Channels J |_PulseJ |_ 24UacTrlac0u1puts AnalogOu‘lputs
UGM2484L
Q Q99
0.@.p DDC Terminal Block Assignment(UGM2484L)
Terminal | Label Description Remark
Block No
T8O +24V 24 VAC Input(L)
COM 24 VAC Input(N)
AO1 Analog Output 1
TB1 COM Com terminal for AO1 & AO2 AO channels to be commanded
AO2 Analog Output 2 via binding
AO3 Analog Output 3
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COM Com terminal for AO3 & AO4
AO4 Analog Output 4
8D UI1 - UI4 | Universal Inputs 1-4
COM 2 COM Terminals for UI 1-4 Each com shared by 2 UL
_— UI5 — UI8 | Universal Inputs 5-8
COM 2 COM Terminals for UI 5-8 Each com shared by 2 UI
T84 UI9 — UI12 | Universal Inputs 9-12
COM 2 COM Terminals for UI 9-12 Each com shared by 2 UL
TBS UI13 — UI16 | Universal Inputs 13-16
COM 2 COM Terminals for UI 13-16 Each com shared by 2 UI
86 UI17 — UI20 | Universal Inputs 17-20
COM 2 COM Terminals for UI 17-20 Each com shared by 2 UL
87 UI21 — UI24 | Universal Inputs 21-24
COM 2 COM Terminals for UI 21-24 Each com shared by 2 UI
P3 High/Low frequency Pulse Input 1
TB8 COM Com terminal for P3 & P4
P4 High/Low frequency Pulse Input 2
TB9 TO1-TO8 Digital Output 1 - 8 D_O c.harmels to be commanded
via binding
N+ Network wire from previous DDC
N- Network wire from previous DDC
TBI10 N+ Network wire to next DDC
N- Network wire to next DDC
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Q.@-G DDC Layout & Wiring Diagram

a
a

. )
24VAC a POWER o fueCR— < DIGITAL INPUT
(L > EEE o < COM WIRE FOR U123 & UI24
24VAC (N) > o IEI.= ) | < DIGITAL INPUT
DO1> m uizz| L < ANALOG INPUT (420 mA)
I e — 102 com | < COM WIRE FOR UI21 & Ul22
003> = EE'E I | < ANALOG INPUT (4-20 mA)
1 —— 04| TBY B
DO5> _ 705 == [ L < DIGITAL INPUT
D0gs ————1 78| IO =M | < COMWIRE FOR UM9 & UI20
007> L ﬁ uHg < DIGITAL INPUT
P ——
DO8> | Tos — Iﬁ ua| — < TEMP INPUT (RTD 1K)
BB & com L < COMWIRE FOR UMT & UMB
COM WIRE F(?!? AD1 &L.:LTD}: o el o — < TEPNAITRIDIR
ANALOG OUTPUT 2 » 02| DEE . ®
ANALOG OUTPUT 3> s03| EEE
COMWIRE FOR AQ3 & AO4 > oo p— == = — Egﬁéﬂgﬁuﬁ & UI6
ANALOG OUTPUT 4> — 404 5= G5 — < DIGITAL INPUT 15
A RST M
L 0] EE fuss L < DIGITAL INPUT 14
T8I0 com | < COMWIRE FOR UM3 & Ul14
NETWORK WIRE FROM PREVIOUS DDG > ':: mE |us | < DIGITAL INPUT 13
TB4.
NETWORK WIRE TO NEXT DDC w| @ mm [fuiz < DIGITAL INPUT 12
* & | sav com < COM WIRE FOR U1 & U2
88 EE  fuii < DIGITAL INPUT 11
HIGH FREQ PULSE INPUT 1 > 73 | M =@ Jue < ANALOG INPUT (0.5 Vdc)
COMWIRE FOR P3 & P4 > om | < COM WIRE FOR LI9 & UI10
HIGH FREQ PULSE INPUT 2 > o EE e | < ANALOG INPUT (0-5 Vide)
TE2 B3
DIGITAL INPUT > un | EE mm fue L < LOW FREQ PULSE INPUT
COMWIRE FOR UM & UI2 > [con om L < COMWIRE FOR UIT & UI8
DIGITAL INPUT > (uz| EE mm o | < LOWFREQ PULSE INPUT
DIGITAL INPUT > lua | BE am [ — < TEMP INPUT (NTC 10K)
COM WIRE FOR UI3 & U4 > o] D L < COM WIRE FOR UI5 & UI6
DIGITAL INPUT > [ue| EE mm fus L < TEMP INPUT (NTC 10K)

[
:

Q95
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VALVE POSITION FEEDBACK
i —
|®_ @ [ O 010 Vde
JUMPER SETTING ) » 80 B 0.0 Vde
U116 O COM
GE OPEN O
EE CLOSE o Ei‘ RTD 1K Temperature sensor
bl 12 Cuorrent
Ul 17-24 L) T3 | Transmitter
mE | = % 243.0hm 420w
[=]EE OPEN L Tos | = RET +VDC Sensor
U ros | FPower Supply
Iﬂ CLOSE LM To7 |
- o ] - Voltage +|-[+VDC  Power | p5vde
IE]  OPEN (PULSE) ] mem Device -{— RET Supply
[EE CLOSE (DN L com
o mf==o}
AC1-A04
(] EEE RESISTOR R= 1M£y, 0.25 WATT,
HEF 0-10Vde o % 5 % Tolerance,
_ —. | HEE
CIEE 4-20mA . _RET VALVE POSITION FEEDBACK
¢.9 .
=t (o] A0 p0vde
o ) L 010 Vde
. bl ™| sAv o COM
High frequene: T
Pulse Input 1 o | mm
High frequency cou = Current | 4
Pulse Input 2 Transmitter L
NTC 10K Thermistor (2) =] T 243-ohm RET -VDC Sensor
FPower Supply
Dry contact Digital Input @‘ MUz | =E
() us | EE Voltage +[-{+VDC  Power | g5vie
| Device -|— RET Supply
&
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Chapter-8 Data Communication and Networking

©.0. Data Communication

Computer information system qpsogE data qpso3 binary information unit 280005 bits gpegé
esd[glo30025n 0 $E 1 0300 Feaddg)s] F2g0dzac005gps(information)o? eedjgoop

Data communication e320p5¢n transmission medium (wire 1 cable 02005 (03006
00699[9¢ s00d2g05002:00p) device $6903 data qp: Fe[gSeacys Sapudogfgt: [gblogoopdn Wireless

communication qps320305 radio wave $& microwave 030005 transmission medium [gdoopSi powd

32680005208 00d93203E:§] device qpz sajoP: data gp: 3[g§300S BVLS[EE: [gBa05

Rule 1: Rule 1:
Rule 2: Rule 2:
Protocol Protocol
Rule n: Rule n:
——  Message ——

Sender i Medium Recelveri

('P ©-0 Data communication system components

Data communication system @i effectiveness 20p5 826[g93a9105 ad:q0536d 03¢ anpS00i

(o) Delivery @ System 005 data g0 eepodeepdesep(correct destination)od eepodesmn
60:38Eqepdi cooddqepdon(receiver device) 9800pad saadd{gon(user)gps o
data qp20? gfeoaepdi o6 ea00dedEangpion datagp: ©qERSEESME 30zWd
cosdCaqepdi

(J) Accuracy @ System gpzoopd data gpiod 0Boqigd 95m8gd GusdqEpdt codiondeagpod gES8s
oBogCsogoopd data qpisC we§aopd data gpiod 3203gjqs ©[gb8E coxpco

(o) Timeliness : System 20p5 data qp:03 GepadqERd 32§832038: 2§ES eepadesnt cudes
83260005
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Data communication system gpzod 32805323E:(component) (§)9[g¢ 0opSes0r05000:0005

(0) Message : Message a320p0¢n Godqepd information o3wopdd data [g6o0pbi ofewpod
s0050g05(communicate)q$ information qps(data qps) [Soo0pSn Message qpsooRd
Fopepqpa(text) 1 $Aodgpz(number) 1 3205gps(sound) Bewpcd 83u3(video) gps
020p0[gE 0 3§ [§6SE 200N

(J) Sender : cosdon(sender) 320p0¢n data message o3 Go:doopd(send pdaopd) device
[g©20p5n Computer | workstation 1 telephone handset 1 video camera 03g&2005

() Receiver : cooddop(receiver)adoopden message o3  cooddaopd(receive pbepd) device
Eﬁwéu PC i handset | TV o%@@wén

() Medium : Medium s320p5¢n(transmission media) [gdoopSi cusdop(sender)sBe message 2005
cooddop(reciver) 0da3 Gepodoe3Ne s00d0g05a0:a0p) Physical path [gdoopd

Twisted pair wire | coaxial cable | fiber optic cable 1 laser | radio wave §§: satellite

microwave o@ @Sooéu

(9) Protocol :  Protocol 8320p5¢n data communication o3 (0850369005 0p5igibiopdindigps(rules)
[§6 20051 Communicating device qps saqEsqis 00§05 2060m0pBgI05 [gB20RdN
device saqi€sqis §0:00pb0pd omnaxEMEgd0pSH Protocol o§oqiC device $6903
§lo5e005(connect)§oo cpd8Ea0dn s0a50305[gEs(communication) cpE8E8GLRS

eupadeol
% %‘Q
Woaorkstation Workstation

-

| e

|
unirame Waorkstation
Warkstation Workstation
¢ ©- Link
©. ) Network

Network 300p5¢0 media link 006§E§gS §odsoodoonoopd device qpilgdaopdi 0oddlondd
a3 device qp:03 “Node” vpcopbs cal c0pdn Data g0 cusd8Eaam(send cpd8Eea) gdsqpdl cvodd
882005 (receive cp68Ea0pd) g&iqpd §o0pd device gpz(node qps)e> computer $& printer o3 [gd20p5
a3 device gp:0oB s0050905000:000) connecting link o3 “Channel” vpesl 205

Network gpsei effective [§0es¢ efficient [§dg 0303 03E:0m000) sagEdgpien

() gdsesontepd(performance)

(9) Bodqeg(reliability) $&

(0) d[§esp(security)od [gdoopdi
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Network Criteria

|Performance Reliability Security

<:> ©-p Network criteria

(o) g&:ea0o8ep5 (Performance ) — Network 0odgei performance 2025

(o0) 320%fgjop I2eqEa0R05(NuMber  of user) — saadi{gjopqps(users)saiads coBGIEs0d network
o3 mpad{gfgtelops oYgS§§(response time) Jopeodaoopdi esicoy: agneo§Coopd
High traffic 32§$5 g&seeonepd(performance) ogeo&:§Eo0p5m odelo3pé network 0od9opE
F20%4{g[op (user)gqp:00pdeag$ S0qElgS grodgs (response)§ EagEabiesoneapd (performance)
BeomEia0pbuy 938Ea0a5

(9) Type of transmission — Data gp: 92:58:0005 medium sa6d 03¢ Gooboopdi 100 Megabits
per second (100 Mbps) §85g¢ 20056800E8E2005 medium 20p5 10 Megabits per second
(10 Mbps) §849¢ 2005680088000 medium 0005 (00)e09§S gd:qdemEra0pdN
Powerful [g&aop5n

(0) Hardware — Transmission cpdqs 3[g§o0pd pSqjomsC JloF:wnso0pd storage capacity
032005 network performance o3 3eomE:eoo0pdi

(20) Software - sender | receiver $& intermediate node o35 data qp:od process &)
software gpselo3pE network performance comEsan§Eaogdi

() 8c5qeq (Reliability)
8odqeq (reliability) 03 6820050l 3aq105qpegé 03Es02005
(o0) 320%4q|q) ©q20pd 32[36ss6qEa0R05(frequency of failure)
(®) §.03E[Bres705 [gSeomEanesndlgrodesloppds (recovery time after a network failure)sé
(0) ooomosoERgePudgp:(catastrophe) o [g6oopd
Network qpzod &seconl[gls caqi€agdfgl: 0000 coomoeonaagepodyps(catastrophic event)
¢ [0302E omaR0Bgqp: [girpdaonzaogaogdi
(o) Ofjesy (Security)
Unauthorized access 1 virus ©20p5 032005 network gpzel cdf§eq(security)od sagepod

c0s88a0pdi Data qps 0obesepe oofgrondesepad 6pda3ad eepadognioopbo’ §0:0pdes 320305
communication device qps :2[g$3200§ s005e5¢(relationship)od so:c0pdes c3oopdi
26[gdeadge 0(g)§E §oopds

(on) Line configuration

(®) Topology

(o) Transmission mode

(o) Categories of network §<§

(¢) Internet work o3 [g&oopS
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Line configuration s320p5¢0 link 0o6903€ communicating device gqp: 03] 0o6e0€ coefg:
(attach cpS0os[gEs)0d adc8o0pdn Link ad20p0en device 0d9sE oofgns device 00d9 =afons) data
transfer ap6q§=0305 c332600p9 s0050300egEr0d:e(o3pEs(physical path) [gdoopd
Line configuration $&§jso point to point $& multi point o3 (&0
(o0) Point to Point configuration 300p5¢n device $6930[o§ 9B:00§ 2005005 o2:a0d
(dedicated) link [g9a0pSi Channel oodad:ei capacity o3 od device $69 830305000
adgC 603000300001

(9) Multipoint line configuration s32000¢n $69000532000 device gp: link 0d900p5:03
:20p00R 2203:g[o3E: [gbo0pd

Workstation Workstation

e I

Mainframe

Workstation

c;) ©-G Link

©.9 Topology

Topology &800p5¢n physical $05 9800305 logical $05: [9& network [gbesané §odeocd

(connect) 002200pd G603 a8c8a0pbi Device $89 Boupod $E9000dgP:0Rd device gp: link 00693
§lo5e005000:0005 Link gp: 960IE: §ods0ad(gedgE topology o3 [gdeoaodi

2:26[gd topology (§)§jse> Mesh 1 Star 1 Tree 1 Bus $¢ Ring 03gda005

Topology I

I I I I
Mesh Star I Bus I Ring

¢ ©-§ Categories of topology

©.9.0 Mesh topology

Mesh topology o3& device sans0d:00p5 onfep: device 3:disC s00H0g05comGo 030§
(dedicated) point to point link §o300p5n Dedicated a3a0pSen device $6900p5:03000 20059905
conseomn B0 link [goopdi Device 306q@20305 n §eood mesh network op¢ fully connected
00600010005 physical channel 836622030560 ne-l) [g62005

2
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0323800503008E8 (connect)320305 deviceo3E:opE devicesaeaea0g050005 Cod9EREI
(n-1) input/output port qps Al§geRdi

Station

Station

Station i

Station

Station

Q ©-5 A fully connected mesh topology(five devices)

800§ (dedicated) link qpigé s005a30500m260me[onE link gp:aopS device $¢ 2005a88a00)
03008E e30m(0Wn data) gpio3oon c00Ses0nes c3aopdi Traffic problem oeon Multi device gpsogé
link qpz03 §eo ad:goopd(share cvba0pd)324l traffic problem qps [gedla0pbn Link 00d9 od:eqagé
network 0o&9ad:03 0addad8Eeun Privacy 98ewrod cdf§q(security) deomEsaoodi

es(fault)ed g€ saensgpeglgtiapdeS(fault identification) cguSopoopdi [gbedl 652005
[gocogogps 0n§00050m:aB4gEx(fault isolation)giapd$conds cguSopoopdi s2:505:q05¢n cable qpsgo
:20dge$ c3926(8s device gp:3 input/output port gpign A§gs 3360005

.. Star Topology -
u

=
Computer
Station | Station | Station | Station |
Tl
=
Computer
¢ ©-q A star topology connecting four stations A star topology connecting five stations

Device 03&:3 hub vpesla0pd central controller $& §o5s005(connect) con:a005 point to point
link §oopSn Device qpzoopd soqiE:qC: §odsocoondgls ofeon Star 0gE device $69salo3n: direct
connection e§eon Hub 20p5 exchange s3(gd esorEgodeozoopd Device 00692005 data c8agi€ hub
o300 controller §823 22q€ Gu:3qEopdi ABesnd hub ¢ eepodqepd device (destination device)
&893 90053c0s00p5 Forward cpdeozoopd

Mesh topology Gconob eqee[odieon Device 03€:3 1/0 port 0od98om §aSco0pdn Link 0ob9
$Comn  §odsood(connect pS)oopdn Belopé gudongy 006088805 cguSongn  reconfigure
0068E20001 esepag [gEs(move) [girpdoopbendl $¢ device 090500588l connection cod9aPax
00690z [gfgEqoopdn Robust [§620p5n Link 0odegedagi€ oofgpeom link gpio? ead8odeon oofeps link

qPeEids 908 3006006650 (active [§665(G) [§620p5n §|,038:q/05800pd esepa’ Bq§ cgudanoodi
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HegPeglgCpdaf(fault  identification)codes aguSoopdn §.038:q05 §oopdesepad on§oocdes
0guBona0pbi [gdedl esa00d [gooogogps an§aocbomeeds(g(fault isolation)[grodescopds cguSapoopdi
Hub eomEesaog) 0m00005cd: link gpiod eong[ogod 658820051 Monitor co68Ea0pd qeda0p) link
qp0d egpEag8Coopd Bypass cpd8Ea0pdn

Star 20p5 mesh oo cable gpigpoon§gs ©cdeabea05c0pS: tree ring $& bus 03c00d
3qp200p5 cable gps con:§qs Boopdi

Backbene Cable

c;) ©-6 Tree (Hierarchical) topology

Station Station Station
Drop line Drop line Drop line
Cable end D I:I Cable end
Tap Tap Tap

<‘E> ©-¢ A bus topology connecting three stations

©.9.p Tree (Hierarchical) topology

Tree topology 2095 star topology o3 saspd:cad delgplioondgl: [gdoopdi [glgEaondgt:
[g620p5n Tree topology 0gE hub 0069 $E secondary hub qps lo€oopbi Device 3agpspo0pd secondary
hub $& §ods005(connect) corzo0pdn aBeondeoé central hub $& §odsocSoons(connect) 205 Central
hub 2005 active hub [g&a0p5 Active hub § repeater clo€a0p51 Repeater 2005 hardware device 0069
[30[8 c0059qo0pd data qpzod coaSsoCanés cudfat: elgipdet(forward vapdel) q§oopd bit pattern
qpod [g§o0pbesood(regenerative cp6)oopdi adelopE signal  strength deomEiaonom Je) cooopd
GsepPqP:e333 data gp: 6omEigd Gepad§eosEagdi

Secondary hub gpzaopS active hub [§88E20c8 passive hub copSs [§68Ea0pdi Passive hub
2005 physical connection gjoos [g820o51 Data qp:od regenerative co620p5 repeater odloeon Star &l
F030009)05gPi$¢ 0pp8aopdi Secondary hub gps dlo€lgEselompE device 3366220305 gprgp: §o5e005
8820051 onfgp: computer ¢ network o3 isolate cp&[g€s communication priorities gp: oooggEsod
[gc9E8E2005n Cable TV technology qps§ star topology o3 6o3[g€8E20051 3200053 topology 032005
point to point configuration gps [§620p5
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©.9.G Bus topology

Network 22038:§ device gps link 23[gd §o5e005q§ bus 20pd multi point [gdoopSi sag0ed:
cable 20p5 backbone 0393 eeonEgndeusaopdi Device a3wupad node gp:aopd bus cable o3 drop line
5C tap qpfgé §ode0050000n Drop line 83oopden device $¢ main cable (backbone) $69a[op:
90050300002:0005 connection [g&20pn Tap 205 connector cod§js [9620p5n Backbone oodeagpod
agmses(o3o0pd signal qpseil 2a4),00p5 3o (heat)mo[gda8 elgp:ognioopdi ddelopé deoeo: agasqeco
signal strength sa:spdiognieco (962000 adelopE bus edlogl §eepd tap 326632030503 m§a0cd
coneq§ 3aodi

320:000g0dqPeen 006808gE gudapaopdi Bus topology o3¢ cable gpgo 22adigig$ eadeon

©..§ Ring topology

Station Station
Repeater Repeater
Station Repeater Repeater Station
Repeater Repeater
Station Station

¢ ©-00 A ring topology connecting six stations

Reconfiguration cpdq§ 905320051 §),038:q105 §oopdesepa’ Bqs ©0550p5n Fault isolation
0068 905320001 Device 3220800600p56$ 905320201 Signal reflection elopé signal  3apdse603:
(quality) ogjeoCzo0pdi Fault o8wupod cable [gobeomod(break)gSeloqpé transmission qpsascd:
§692:8E20051 BJcdoopdesepy signal gqpz J0oEa873B [g§§odeodglelopE (reflection [gBgEs
elop8) adeupdd reflect [g8[G: wov(original) esepad [gSagniom direction $600050%:3 noise gp: [gdedl
0882005 ABelopE $600500d: 2d20q SEeompcom

Ring topology § dlo€eoo device 830:03:03E anbogod§ean device $69 330305000 dedicated
point to point line configuration §oopdi Signal 20p5 20050c50o00pd BsoopSep(direction) 3203E:
device 006930009 050 G5005ed: 3203§a0pd esep (destination)ad cepad§ognsoopdi Device qps
F20d:0005 repeater 0303 6e0oEgade0z00pSI Device 02692005 oofgns device 0069350305 signal o3
00058 g§[Beoopd324l regenerate cvS(Ge S005LHS Gosdoopd

o06e0€esst reconfigure cpdgs cgudopooodi Device gps c06c0pdqs Bewrdd vudopcdes
320305 connection $6903000 efgpieoiq§ 3360005 Ring 038 2aadgepd cable 32508 1§a005
cog§ 3aopdi Ring o3& 006s0Eoonsepd device 226qEa005 M&005q05 §oopdi §),09E:0005
G503 m§o00dgEs(fault isolation) [gopdes qE:culs cgudopoopdi Ring [gdbeomaeloppé  signal
qP:00p5 ring 0odeagpad 2a[gadad copboodesoopdi

Device 00692005 2005005000:000) 3q§3203E: ©pboopd signal oBq) eqfag€ alarm aoodeo:
20pbi Alarm efopE network operator 20p5 network 33038:5 epSoopbesep) [gocoso (problem)
[gdeselop: $¢ opdazadeom [qoosolgbeseloypEs B8E0pS
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Hub | [ [l

<°g ©-00 Ring topology connecting (1’ ©-0 J Hybrid topology: a star backbone with three bus
Unidirectional traffic [geomaelogpé saispdigodgpsgo §oopdi Ring § qodeomad(break)
[gE:efo3p& network oodpad:s down og2:cd&updn Station 0od9qo5[gEielopEaopds network oodpads
3880588 00p5n oB[gonognod Dual Ring (ring $89002:§[gE:)gS elgqC:8Ea0pd [godeomnd(break)[ge:
[§636005 [3do0pd(break)esep] switch con:§gdgé elggC:8€a05
©.9.6 Hybrid Topologies
Network 83(03:006903 topology wopeox network cod(subnetwork) qpsgolgé oopSesonad
c02:§ 820051 s (department)ondpaopS bus topology o3 saddg[Ga oofepicps(department) 0692005

ring topology 986wr05 star topology o3 3203ggi8Eo0pSn 0B network s0:d:03 central controller [§&
§o5e0050m star network 33[03:e[gd 00pdeem05 §E2005

Hybrid Topology ‘
@ - ‘
t‘x.:: % Q‘E ]

S’

%@ \,‘ ”

@5 :
—— : <5,>< {%

% \ L

Backbone Cable (Chanel)

¢ ©-0p Hybrid topology

.G Transmission Mode

Link cpSoonzoopd device $8903 @i signal qps agn:0005 codialogpSs(flow [§6205 direction) o3
2005005q§$320305 “Transmission Mode” o3 32a34{gjoopdn Transmission mode a300p5¢n device gps

F[oypsopd 2000Eseagi0d3a000dgPsgRsep Bionpdep(information flow direction)o? ac8oopd
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Direction of data

Mainframe Monitor

a. Simplex

Direction of data at time 1

Station i - Station i

Direction of data at time 2

b. Half-duplex

Direction of data all the time
Station i Station i

c. Full-duplex

q) ©-0G Simplex 1 Half-duplex §§ Full-duplex

Transmission mode o%:§jgen
(o) Simplex
() Half-duplex $¢

(?) Full-duplex o3qdo005

©.G.0 Simplex

Simplex mode 20p5 unidirectional [g8aopbi Link $& §obsoodcon:aopd device $6932505
0069a0pd =[gonds coodepé(transmit)esGs oofepiondewn salgonGiuodd(receive)esaopdi 0odLE:
eenls cdisCopoopdi 0odeodopbioon oFs8Ea0pd cudielPCiys wagosen Keyboard $& Monitor
0320p5 simplex device gpigdaopdi Keyboard 2005 sa[gond: computer a893 input 2030005 coses(Ge
monitor 2005 ea[goo&s CPU ¢ data o3 display cpe$ cood5dnaesooodi

©.G. J Half Duplex

Half Duplex transmission mode og¢ Al§oood device $6903s00p5 co0dcpE(transmit) §Eaopdn
coodd(receive) 8Ea000n 036005 00d§$opd: [GCon 300Genpd8Ee0I Device cod9m data cusdes§s
(sending)§ oofgps device 00692005 oad8[gEs(receiving)axn cv6§Ea0p5

0:0068:0000 quoSoaé m&:éjp@&@s §8m(ﬁoc§sem83%8wé mcS:éﬂl: @Soaéu o%eays

008§§03E  00d505Famn ogniesdoopdi Channel & capacity 00903 =a0di{g§E00
Walkies-talkies 005¢qpzo0pS Half-duplex system [g&aop5n

.G.9 Full Duplex
Full Duplex 20p5 c0d:$6c06:A: $6005008:03 008G Es05 3a0g0:30[gs GenCe8Ea00c06:5E
opoopdn Full duplex mode o3& signal 2005 00800500503 salgeacys oodgEsod agntes§Eoopdi

Telephone network 20p5 Full duplex communication [g620p5

:2ag$¢ :[gs 00805 [grpdeeacgad link o Feo 03:8qs cSaopdi saogasenoga’ cable
0695 :[gSm00R05 cable oodgooneufgls 9Bewrod channel capacity o Foonzeodgliod [giopd
§E2005
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Hub

U

=~

¢ ©-08 Hub [g8onpSeaonadoonsongd networl

©.§) Network sajz=aoniqps (Categories of Network)

Fgudz00s(size) 3EBEapgps(ownership)i [g&o305(cover)aon:aopd e§osanyeds physical
architecture odedlogé @ooode) network qp:od sajEmaensdfep: 9005005320051 Network o3 32800
30gg¢ adede Slep:§oopd

(o) Local Area Network (LAN)
(®) Metropolitan Area Network (MAN) §§
(0) Wide Area Network (WAN) 03 [gdaop5i

©.§).0 Local Area Network (LAN)

LAN 03 800029 030005 338332005:0009900 3Ee3Ea0pdN Geafemncyl: device qp: 3aqCiqits
network §oScoxsgs 32680005358 nd9IRE:d device qp: ZoqCqt: network §oSoosgags
[g620p5n =a832005:(organization)sl  82a0055E adio0i000d $p0:0pon  (technology) sseolozé
0o0p0g) PC $6cd:5¢ printer 00 cloCoopd §resscad(home office)copds [g8§Ea0p5n LAN 2005 03cd
8o 32505500 30703260:A8 [gS0q05(cover)aon:§Eaopd

LAN 20p5 Personal Computer(PC) 9360305 work station qpsi printer 1 scanner 02005 0303
3209000 29286 (share cpdq$)=0305 8&E: cv600gEgbaopdi pows- printer 08903 PC gpzgansads
§059005 203{gRE[GE LAN gp:ei topology gpien bus 1 ring $& star 03600001 LAN gpseil data rate
2005 4Mbps © 16Mbps 3303 82051 936005 ve§38] 100 Mbps 3203 gpz200N

©.§). ) Metropolitan Area Network (MAN)

MAN 0005 [§,008900:§ device gp:dlo€aopd network [g6$Ea0p51 pown television network |
company 0369 [§|,$0503E:03E §2005 LAN gpzoB §05aon:a005 MAN [368Ea0p5 Telephone network
20p5 MAN 9620051

The IEEE 802-2002 standard describes a MAN as being:

“A MAN is optimized for a larger geographical area than a LAN, ranging from several
blocks of buildings to entire cities. MANs can also depend on communications channels of
moderate-to-high data rates. A MAN might be owned and operated by a single organization, but it
usually will be used by many individuals and organizations. MANs might also be owned and
operated as public utilities. They will often provide means for inter networking of local networks.”
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©.§).9 Wide Area Network (WAN)

Chapter-8 Data Communication and Networking

d l End system

End system

A

A

Switched
WAN A
AL AL

End system

Point-to-point
WAN 7

ssssssssesnennnunnnnnnnyd W E|
I

Modem

Computer
b. Point-to-point WAN
$ ©-06 (a) Switched WAN $& (b) Point-to-point WAN

Wide Area Network (WAN) 2005 $&&qpa o3odlodqpiod coyplgod8Eaopd long distance
transmission g&:qp5§o0pd network [gdoopS

President

o

@ Modem

.
L]
Point-to-point

WAN  *

Modem @

Router

Point-to-point
WAN
-'_Po'mt-to-point
*  WAN
.

LAN

$ ©-0q Switched WAN $& Point-to-point WAN o3[q€ono8ee0005002:0009 network
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©.6 OSI Model
OSI Model International Standard Organization
Data Layer (ISO)moodmgPadsoadd0pdnetwork
,ﬁggi'gggg'; j communication model 08903 opgq
E Application =
§ EreeEHE g€ BogElger§edoopSi B modeloopd
® Dﬂ‘;{f;ﬂgg‘;ﬁ"" Open System Interconnection (OSI)
w i model [g&2005i
: S o) Sl
T
°°
End_'tlzl:gngsl n%g(l}:ﬁons j OSI model 2005 layer (Q)§js =28320D
and Reliability ooy dooopd Seven Ordered Layer
. baNetwork ] model [§8o0p51 Device A ¢ Go:do00d
o and IP (Logical Addressin
g Cogiea & 2 message 00d9oopd device B 9B
] E Data Link ? 3
= rames e e L GepodqSa0305  intermediate  mode
g qPe03 [go5o0dsqoopd

¢ ©-00 OSI (Open System Interconnection) model

3 intermediate mode qpsog€ Layer 11 Layer 2 $& Layer 3 2203020 dlo€o00i
Layer 2 2005 Layer 3 o3 service provide cpdeosooodi
Layer 3 20p5 Layer 4 o3 service provide co660:a0001

Machine 02696l Layer 3 20p5 oofgp: machine ood9e Layer 3 $¢ communicate cpdoopdi o3a3

communication cp&qs  §2:00060RC0R00PS(206o00p(Gio0n:)  ©RbNbigEEdgPI?  “protocol” P
ol aopbi adad Layer gqpeg¢ machine $&9 communicate cp5a0p) process o3 Peer-to-Peer process vp
sl 200

To allow access to network

PRI resources
To translate, encrypt, and Presentation
compress data
. To establish, manage, and
Session . .
. ] terminate sessions
To provide reliable process-to-
process message delivery and Transport
error recovery To move packets from source
Network I to destination; to provide
. internetworking
To organize bits into frames; .
. . Data link
to provide hop-to-hop delivery - ]
To transmit bits over a medium;

Physical to provide mechanical and
electrical specifications

¢ - Jo Layer (Q)§jg O1§o0p5 OSI (Open System Interconnection) model
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Sender
a

il
|

Receiver
a

i
|

The letter is written,
put in an envelope, and
dropped in a mailbox.

Higher layers

The letter is picked up,
removed from the
envelope, and read.

The letter is carried
from the mailbox
to a post office.

Middle layers

The letter is carried
from the post office
to the mailbox.

The letter is delivered
to a carrier by the post
office.

Lower layers

Application layer

Transport layer

Network layer

The letter is delivered
from the carrier
to the post office.

_

The parcel is carried from
the source to the destination.

Q ©-o¢

Processes

SCTP TCP

IPand
other protocols

Data link layer

Physical layer

Underlying
physical
networks

¢ o-Jo

Chapter-8 Data Communication and Networking

Specific
addresses
Port
addresses |
Logical
> addresses
Physical
addresses
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Device

Intermediate Intermediate
node node

< <

Peer-to-peer protocol (7th layer)

7 Application e ———— > Application 7
7-6 interface 7-6 interface
-| Peer-to-peer protocol (6th layer) T
6 Presentation - ——————————————————————— > Presentation 6
_| 6-5 interface _| 6-5 interface
Peer-to-peer protocol (5th layer)
5 Session - ———————————————————————— > Session 5
5-4 interf: 5-4 interf:
-| intertace Peer-to-peer protocol (4th layer) -I Interiace
4 Transport - — > Transport 4
"1 4-3interface " 43 interface
3rd 3rd 3rd
3 Network < —->» Network [-€—->{ Network J-€—-> Network 3
3-2 interface 3-2 interface
—| 2nd —l 2nd —l 2nd —|
2 Data link <€ — > Datalink }<€—- Data link € — > Data link 2
2-1 interface 2-1 interface
—| - 1st —l - 1st —l - 1st T -
1 Physical < —>»{ Physical J<€—->»{ Physical [-<€—-> Physical 1
! I I I
Physical communication
¢ ©- OSI layers
H7| D7
H6 D6
H5 D5
H4 D4 IH_4_ D4
H3 D3 |H3' D3
H2 D2 T2 TH2 D2 ™ I
=S =3
010/010101010101101010000010000 :—_(-)-1-_6 010101010101101010000010000

Transmission medium

O &= )

c‘[; ©- Jo An exchange using the OSI model
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Machine A ¢ cosd(send) c@o0p3 original message 2005 Layer 7 ¢ ©00& 320060062005 Layer
7 ¢ message 20p5 Layer 6 o3 eepob5o0pd3slogE original message 2:2[gE Layer 6 oo copdeoso0pd
message dl dloCoopdi Layer 5 2005 Layer 6 ¢ message coo5d0aon Header 5 codaopdoopd Layer 6 |
Layer 51 Layer 4 1 Layer 3 & Layer 2 00000 Header qps coboopdlogoopdn Layer 2 S Trailer o3
0052001

Machine A ¢ message 2op5 Layer 7 ¢ saa0&eod eofsom Layer 1 o8 eqpod20p5i odesnod
8005002200093 Bewpod transmission medium ¢oodso& machine B adeepodoopdi Machine B 6l
Layer gp: 32908s0C 000d0m Layer 7 o3¢ original message 35[gdod cepadaopdi Layer gp: 9000

C005% g§oopd message 0393 2903 & own message 03 00200l

a b C

| I
A Pllal|j|[ Data |———— Data link layer ———— A P|a J |

Q o-JG Internet connection

Interface between Layer
Layer $&932(03p:03€ [ogpiesep(interface) 0069 §oopdi

©.8.0 Organization of Layer

Layer 1 (Physical Layer) Layer 2 (Datalink Layer) Layer 3 (Network Layer) oﬁoaé “network
support layer” qps [gdo0pdn Device 00d9e data gp: oofgee device Beepodes 320305 electrical
specification 1 physical connection 1 physical addressing $& transport timing ©20p5 s20pdgp0d
cvdeamnieotoopdilayer 5 (Session Layer) Layer 6 (Presentation Layer) Layer 7 (Application Layer)
0o0pd oBoopd “user support layer” qp: [gBlo300p0n Layer 4 (Transport Layer)oopd data qps
transmission cp6q§ 008082005
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OSI model &l Layer 33000538z Layer 5 1 Layer 6 $C Layer 7 o303 software [3¢ [geod[s
(000593E[G:) low level layer [g6eox  Layer 11 Layer 21 Layer 3 030005 hardware [g€ 2005e3€2005

©.6.  Physical Layer (Layer 1)

From data link layer To data link layer

—4— 1

Physical l !

layer | [J10] 10101000000010111] 6} 10101000000010111 |
| | | |

Physical
layer

Transmission medium
Q0 J9

Physical layer 2005 node 0096 bit qps oofgp: node 00d9a3 eepodognieant eeontgodeos
§2op51 032080962005

End

Intermediate system
system

End

system .
y Intermediate

Intermediate
system

Hop-to-hop delivery | Hop-to-hop delivery | Hop-to-hop delivery
< -~ »le >

A B E

Data link A

Data link | 4 I| Data link AI

Physical I| Physical I‘ Physical

Hop-to-hop delivery  Hop-to-hop delivery ~ Hop-to-hop delivery
¢ o-J6
Physical Layer ¢ esoo8goSeosaopd cpde§igpien
(on) Physical characteristic of interface and media (c) Line configuration
(®) Representation of bit (@) Physical topology §c§

(o) Data rate (s0) Transmission mode o3 (&5
(o) Synchronization of bits
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©.6.p Data Link Layer (Layer 2)
Data link layer 2005 node oodge frame gp: oofgp: node 0069898 Gepadesnt Bowpod

6g,0qP:02:630E 6802EQa5E000PSI 0300809620201
Data link layer ¢ Geoo&godeo:oopd apbe§igpien

(on) Framing (vo) Error control §>§
() Physical addressing (¢)  Access control o3 [gdaop5
(o) Flow control

From network layer To network layer

— 1 1

- Data | T2 | Frame - Data |T2 | Frame

Data link layer Data link layer

To physical layer From physical layer
¢ ©- Jq Data link layer

From transport layer To transport layer

4 T

I 1 [ |

- Data ‘ Packet - Data ‘ Packet

I | I |

Network l I Network
layer layer

To data link layer From data link layer

¢ ©- o Network layer

End

Intermediate system
system

End

system .
Y Intermediate

Intermediate
system

Hop-to-hop delivery | Hop-to-hop delivery | Hop-to-hop delivery
= | |
Source-to-destination delivery

A B E F

INetwork I Network I Network 4 I

L Jowe o ][] oot L[] ok [
L s L[] ooscnr L[] ovees | |

Source-to-destination delivery

¢ ©- @ Source-to-destination delivery
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©.6.G Network Layer (Layer 3)
Network layer 20p5 cosdon(source host) ode data packet ooeoosgps 0069giE:803 destination
c005%9p(host) 0093 Gepade3n 680rEQ0SE0s0pdN ox0S0R0RSI

Network Layer ¢ ¢eoo8godeu:oopd cpdeSiqpien
() Logical Addressing $¢ (9) Routing o3[gdaopdi

Source-to-destination delivery
From session layer To session layer

/ ya /\ \
/ / / .7 - /o \
7 I\ \
7 S 7\ \
4 / \
. Data . Data - Data . Data . Data - Data

Segments Seg ments
Transport Transport

Iayer To network |ayer From network Iayer layer
¢ ©-p0 Source-to-destination delivery

o.G.g Transport Layer (Layer 4)
Transport layer 00o0 process 0o69e message qpo3 oofgp: process a3eepodesané Jeos

(deliver cpbcos)o0p5H 0308090005

Transport layer ¢ 6e0oEgodG0s00pd ApOeSigpen
(on) Service point addressing (o)  Flow control 1%(5
() Segmentation and reassembly (c)  Error control o [gdaop5

(o) Connection control
Processes Processes

Network layer
/ Host-to-host delivery )

Transport layer
Process-to-process delivery

<°3 ©-90 Transport layer (process-to-process delivery)
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From presentation layer

To presentation layer

/ / ] / /
{/ , 4 ! {/ IIII L
/ /
/ /] / | ] / S / ! ]
/ - - I / ‘ - I
syn syn syn syn syn syn
Y Yy y | y y Yy

|
Session Session
layer layer

To transport layer
(;) ©-Q J Session layer

©.6.6 Session Layer (Layer 5)
Session layer ¢ Gaon8gode000pd rdesigpied
(o0) Dialog control $&

(9) Synchronization o3 [gd2opS

From application layer

From transport layer

To application layer

]

!

Data

-
|
Presentation Presentation
layer layer
To session layer From session layer
¢ ©-pp Presentation layer
©.6.q Presentation Layer (Layer 6)
Presentation layer ¢ ¢80oEg05602000d Cobessgpien
(on) Translation
(9) Encryption $&
(0) Compression o3 [gdaopd
User User
(human or program) (human or program)
M FTAM | - M X.500 FTAM| «++ |[X.400
I I I
. Data Message . Data Message
| I
Application
layer

Application
layer
To presentation layer

From presentation layer

¢ ©-pG Application Layer
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©.6.0 Application Layer (Layer 7)

Application layer 2005 320dd{gjopqpiea0g0d 3262005 service g0 Gaonlgod cusooRdi
omo§opoopdi Application Layer ¢ 6aonlgodeosaopd apdesigpien

(o) Network virtual terminal (o) Mail service §§

(9) File Transfer Access and Management (FTAM)  (wo) Directory service 03 [gdaop5i

©.qQ Network Standards

HVAC control system qp:og€ protocol $6§:goopdn HVAC information gpasEooabedEaopd
protocol & network protocol [g620p51 0ooe 3a§jE3aem20005 controller sag:qiEs Gusdaopd data gpod
qCqCs 0300006 332600051 Network protocol 2095 information gp: physical medium ¢ 0odso&

c0sd[g6: [gopbe§aacg05 packaging cpd[gEs & unpackaging cod[gés o3sE 2005382005

mSoqo§odsé gdieaontepd(performance)od c8od¢] network saejs o3[grsoopdi [gS58:
[46[g€5C capacity gqpiaqi€ eqpgss J[gen:ooobn Network capacity s3[gpb8:dkad eepodagié network
performance 2005 289800000 0380E:866p51 Belopé network gpza? 8&E:060000908] spare node
5¢ traffic capacity 03 323 ceonCs002:q§ 83250005

BAS 038 32800 20091gj00pd network standard qpzen
©.Q.o Ethernet (IEEE 802.3)

Ethernet 00p0 saodgaqpsadscoon Local Area Networks (LAN) [gdoopbn [g$58:(speed)sC
[§809058E2005 ma0z0960:03 c305q) Ethernet sa§jpzaonigp: o3gpzoopdi

RG-8/U coaxial cable 03 3203¢gjoons0005 thick Ethernet (10BASES) $& RG-58 coaxial cable o3
3200¢g|o0pd thin Ethernet(10BASE2) 003 320:qpzoopdi ‘Thin’ Ethernet &l [§$5$:0000 RG-58 coaxial
cable o =odgogE 100 Mbps [gd@ [980q058E2000 sogmec0sa0pd Som(joo) [gdoopd

Unshielded “twisted pairs’ o3 32034goqi€ [4855¢ 10 Mbps q§§E[G: 8om(000) [g&mr0d00:8Ea05
Twisted pair s20d4gjog€ 100 nodes per segment [g9a0pSi Segment 00895E oo[gp:0d903 repeater

32004q)q) §0de0058E2005 Repeater gp:a0d signal dsa:eomEanesnt [grodeu:§aopd

Ethernet qpso3 2268000535890038: IT cpdeSigpsanogad 2adg§E0ad BAS system 20305
Faddg) §€20p01 Beadd IT department saes[gC IT network o oofgpieon system gpisé 320903
:20)gg$ 3c00:5620050880p5 wupodeon Unknown traffic $& security [goocogogps [g6edl congEoopbi

Network gp:eil 25035g8EF$ (uptime) $& 200%:0[gIREFS (downtime)20pd 330§ 36EE0F:0000!
IT system o3&opE sacopEiondegcfopt qbsmsconqds(downtime) §8Eo0pdn pomogs $C ocsl
oosdeg §ed05q0d qpogE upgrade cpd[gta [ggEadS:086s9andgEs(maintenance) oefopE network

qP20? O50:(down) 002620251
A

——

<°3 ©-99) Coaxial cable is used to 10BASE2 cable with BNC T- 10BASE2 cable end
transmit 10BASE-2 Ethernet Connector Terminator
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©..) ARCNET

ARCNET 2095 Ethernet oo’ 3¢) eqigjoopd [§$5$:0005 19 kps ¢ 10 Mbps 320385600251
Cable 22§:§j:03 22094 g8C0pdn §:qCs00pd system [gdo0pS Device ( jg)g)9=e0d §od0058E200
HVAC network qpsog€ ARCNET 2005 intermediate level s3(gd oopS§oopdn Building $C operator
terminal safoyp:0pE Ethernet o3 2303ggjoopdn ARCNET (g Controller gp:o3 saqiCsqis §ode00d
00200p51 ARCNET ¢ 00056380000 30q/05320005¢p:03 www.arcnet.com o3& 826005805 ©0dq)
§E2005
©.Q.9 RS-485

HVAC network gpscil lower level gps§ RS-485 o3 saadd{g[o300pbi doo|odesdeqps: (two-
wire)s& ground dlox o3 320%3go0pdi BACnet MS/TP protocol o RS-485 $C 03¢) 920d:{g8Ea00
Network ood9og€ o833&anq master node (0)q)9 92dl30E node edISs(jgg) §ode005002:8E
6005000 GgPeEE 320r5X68EQS320305 node GAlE: (Go)o§000 consforoopdi

eqpooalon (98588 9.6 kbps 03000 q§8Ea0p0i wo9masl 76.8 kbps q§§Eoopdi Master node
qP2oopd 2ag:qiCs :[gS3p00s s00dog05(communicate)§E[p3e00500Rd: slave node qpzoopd master
node qpzon 6oxE:a8200d Saepypadon [gSelgo3rigd §oopdi Building network § master node qps
ARCNET communications port cl§oopdn
©.Q.G Wireless

Wireless $p5:00000005 sacgsaqlgSen 03:0005(G: saadigpiesa0pd $05:0p00 32008[gdo0di
Wireless signal oopd network cable qp: G5epog€ 9002203t Za0digjojo300pbi Node 00690005
wireless signal o3 3203qqq] oofgps node 0069 oBewrcd node gpisé 9005030588005 Node 5
83262005 dldl(power) 320305 onoHoo§(battery)od s0dd{g[gldgC ©pSoopd domBeady 3203qqs
003926 conpeol

nod0o§(battery)od 3203qgjconeomelopé device gp:ad Adl(power) o3:Baspdiesnt 83E:s
006002:qs 300001 3§§03E: message gp:0d CLA5SEEB: OSSP codarEgEs(occasionally
broadcast) [gopbesant 83E:pdaondgl: [96oopdn ddl(power) o3:go00d0me0qs message gp:o?
coods0mnbsfgls(passing on messages) [gopdepagé edlo€esmE [grodoondgts [gdaopdi Message
qp0? 00598E[B: 0odlondgword cpodagloopd device qp:od Limited Function(LF) device gqps o7
@l aopbi Lithium ion battery 0odad:oB ameddevice 00d90p€ 2a0ddgiag€ (§)$6e03d 32054y Eo0d

o, ,_@p

Y

@+--»Q "

s

|

|

s
o

Operator
worksition

Wired
points on
air
handling
unit

c'[) o—p@ Wireless network with self- and building-powered devices
O(0-p6)0gE on0doo§(battery) o3 saadigioon:aopd thermostats (T)r building power controllers
(C) $& operator workstation (OW) o3 s005a305(communicate) ce5{goonzopdi

8-21



HVAC Controls and Building Automation Systems GomEs005038

Wireless $05:0po000p5038  Aldl(power)od:8aspd:0005 device qpodom sagped: 3203
[03005n [3p3 (wireless) [gbeomaelopé srodion§oyedod $p5:00001 Sensor 006903 00Os0Ces
P§0I0d050005 §0% cagpspdioopdi 9860 battery 2008360009 cp&aq0§odgp:§ 800

Full Function(FF) wireless node qpzoop information gp:o3 coodd(receive)§E2008 onfgp: node
qp:adad cusd(send) §€2000n Full Function(FF) node qpzod O(e-pq)[alogd [goonsoopdseods ondeod
§E20051 Mesh topology 03 0odo000500d J6j sadiqpian(o3000di O(e-pq)[blogé [gooroopdeseodt:s
oofgp: node 00690 codsoEays node gp:adad information qpso? Gosd §Ea0pdN

a. Star, cluster b. Mesh

("3 ©-9q Linear and Mesh arrangements of Nodes

Wireless signal 2005 saogosscos(distance)sé 3268000528038 @aadigioon:aopd 0gedigps
(materials) 2260l0gE ©oop520001 Wireless signal ogniqaopd saograacos(distance) Sgpieco wireless
signal  sanseaqpspdiogniacolgdoopdn Wireless signal sanseaqpspdigf:o? “signal attenuation” op
sl aopbi op&ongd(concrete) oadeomn §§03 [gbeoPeoqiC wireless signal 830z cagpspS:0g300201
Qe signal qpzo? @SopgEs(absorption)eloppE signal sz caqpspSeogns(gts [gdoopdn cogygps(metal)
20p5 signal reflection [gbeocomalopé cogrigodsnlgEeduongpieco wireless signal dsaseomEaco
[g2005

:eopmogqpieon 8&E:3EqC8umnaopd node gpiod co€eagpoopd sa0zPIRG0I(Spacing)
o€ §Se0 congEigS wireless signal qps sanseaqpspd:og0igCs(attenuation) (0005003 6lgqE:§Eaopdn
0¥eon052005 signal savs(strength) & oo 938EqS=c305 signal strength test [geod a3za60005
Node oB&:03 signal strength test [geodg§ 822600051 c83260qiE repeater gpscopdges node gp:o?
es6p §,0[pCacHyC signal sans(strength)eomEsesant [grpd8Ea0pdi Repeater aopb message qpso?
cooddgf|(receive)Gse5005 [g§copSonodagé(rebroadceast)oopd device [gdoopSi Repeater qp:o? “signal
power booster” opgjcopSs 68l sBaap§oopd

[03p89005a300eq;(wireless communication)aopS hard-wired connection $& eoppBeon [03d
soodogu5eep(wireless communication)aopbopE wireless signal qps 6005000566005 (interference)
[goosn [50edl §8a0pdn ofeomnr coi 9§:8: 020pd eg,aqP:8Ea0d saspogqpielopE interference
[g8eal 8E2005n lights 1 variable speed drives 1 elevators $& on[gp:eo0n radio equipment o3elo3pEcobs
interference [g&ed 805
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cuoopoqEdgE 32054gpopd eqBu3cdEs(radio frequencies) ad:§jzen

(0) 2.4 GHz (2.4 to 2.4835 GHz) [IEEE 802.11]
2.4 GHz frequency 2005 IEEE 802.15.4 standard [g6o0pdn o frequency band o3 saaddgegié
g&:alanspdicudomn a33a06005c0pds data transmission speed eg:o0pSi Commercial building
$C institutional building qp: =a0p8:(indoor range)y eo(ogo)saopE: mesh arrangement (¢
22051{g8E20251 60 (po0)z03E: non-mesh communication [§& 8a09dg§Ea05

(J) 900 MHz (902 to 928 MHz)oopb 2.4 GHz band cood 3203gjopdn [g&oq058Ee(range)
Beomoopdi elgpodmeeedmadnd $¢ [ogoelogaqodod§ $E&qpomn  3203g8EeomelopE
0005006 20GPE320305 Bignigd oSS 9053205

() 800 MHz 03 elgpodmp6e§mnodnd $¢ [ogosloayadod [gEu§ 8Eeqpiog 303G 0pdN [g&ored

8Eq(range) 3eomEs Gaodcopd: 20dig8Eo000 §EEmr5p0:c0dam Gaopd

Computer connected

Computer with long
range Wi-Fi dish

Computer within

via ethernet

range

¢ ©-po WI-FI Range Diagram

Data Transmission Feature of Wired and Wireless Network

Table 8.1 Feature of wired and wireless transmission data

Internet
Service
Provicer

Feature Wired Wireless
Range Better Bad
Installation effort and flexibility Worse Better
Data volume Better Worse
Availability of information in room Bad Better
Realibility Better Good
Cost Good Better
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Smart Actuator

Window Actuators
i Sensor (receivers)
4 j . Bidirectional
EIB/KNX \ components
LON .
BACnet
TCPAP . Batteryless
Modbus 4 3 4 . switches and
A /,r’\\ 4 ?tl:gﬁgﬁrﬁers)
i HVAC —»—  Networking
//,V’ Actuator
¢ ©-p@ Wireless Building Automation System (BAS) oo&lx‘;)
-End-
Chapter-8 Data Communication and Networking
©.0. Data Communication 1
©. J Network 2
©.p Topology 4
©.9.0 Mesh topology 4
2.9.J Star Topology 5
©.9.p Tree (Hierarchical) topology 6
©.9.G Bus topology 7
©.9.§) Ring topology 7
©.9.6 Hybrid Topologies 8
.G Transmission Mode 8
©.G.0 Simplex 9
©.G. J Half Duplex 9
©.G.p Full Duplex 9
0.5 Network sa§jg3aonsqp: (Categories of Network) 10
©.§).0 Local Area Network (LAN) 10
©.§). ) Metropolitan Area Network (MAN) 10
©.§).9 Wide Area Network(WAN) 11
©.6 OSI Model 12
©.6.0 Organization of Layer 15
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©.6. J Physical Layer 16
©.6.p Data Link Layer 17
©.6.G Network layer 18
©.6.g Transport Layer 18
©.6.6 Session Layer 19
©.6.q Presentation Layer 19
©.6.9 Application Layer 20
©.qQ Network Standards 20
©.Q.0 Ethernet (IEEE 802.3) 20
©.q. ARCNET 21
©.Q.p RS-485 21
©.Q.G Wireless 21
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Chapter-9 BAS Network Integration
32680009208§ service system gps 3260mE:e0: copdudd(operation)eseoqsss oodsolel

[GlgEad8§:860  cpfoqefodgp: 200domeeg$320305 computerized system gpsod 0ddOC00S
o060 38 88cunogoopdi Facilities manager qp:s&  BAS engineer gqp:aopS networking $& network

integration 00000q00303 ¢[gdecs 20Eurgs Beada0pd

(0)

)

Systems in Commercial Buildings

Lighting System IT System
Mechanical y
Ventilation System Fire Alarm &
Protection
Building System
Management
Systeg1 Lift & Escalator
System
Public :
Announcement Security System
e Audio & Visual
Syst
Air el
Conditioning ;
Electrical Power
System System
Boiler & Hot Potable Water
Water System System

$ -0 32680005353: 20038 service system g

Building Automation System(BAS)qp: 03¢ 6330053 sub system $&§js dlo&aopd
Equipment gps device qps 0o$32006 cpdesq§sa0g05 real-time control cpdeoggs
automation cpbeodgts $¢

Data processing system | maintenance management system 1 factory/production

control system 02009 system gpzei data qpzo?d process coSa3EG0LgE: 0305
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Local Area Network(LAN) 2005 high-performance digital communication network [g5[g:
geographic area 036903 [g§0305(cover)oo:8Ea0p5n $89 Boupod $690005 Sqproopd node gp:
OloCfBe od node gpzo0pd 0d9$E09 [gS3cRE 328005330905 (communicate)  pE8E0R0
Node aB20p5¢n network 32038: c8qEo0pd address 03 a320cd c00beod(set) 8€ea addressable
device [g®20pbn Workstation 1 Router Network Control Unit(NCU)$¢ Direct Digital Controller(DDC)

qpz0opS node gpEgdlog0pd
Local Area Network(LAN) s20p8:5 device 3aqi&:qiCs 32q/05320005(information)§jedo?

s0052g05(communicate) co:38Eaopdn Database upload cvd[gEs $& download cpdgcsi field
equipment qp:ad23 command coggEs summary gp: qoa[gé: $& change-of-state message gps

c005d[gts 020503005 node FqCiqiCs 3[gSFVS GO0 IgIEdIICVYP: [gBlo300p5
Network s2038:5§e000 DDC gp: 32giC:qC: 33[g§30008 @0050305(communicate)§Ea000n  DDC
qpsC operator workstation o3copS: so05305(communicate)$Ea05i

Local Area Network(LAN) communication standard qpzed
(o) Ethernet V802.3
() saqpsads 200d4go0pd Local Area Network (LAN) standard [g6o0pSu

(9) oegpooodamlgls $C unshielded 1 twisted pairs o3 transmission medium 33(g® 3203

8E[g8:elo3p¢ cndoondonde 3¢ 3208:gqpicnfogoopdi
(J) ARCnet (Attached Resource Computer network) §§

() BACnet (Building Automation Control Network) o3 [gdaop

Benefit of Integrated System
Integrated cp&ao:a0pd system qpzel s2000gi05gPied

(o) Easier operation of multiple Systems
System qpgn0? 0odesepPonpSse 3a0gudo0y control crS8Ea0RdN
() Lower customer costs

Rlopiesaopd system o control pEe§320305 0Scobigpigd eadsadeon RS[go!
eed8omi 0320905 F5pdicodom 0dures Bea0[G: nbeole$ esep sagpdicudom

8326 20
() Less training time
obesepoopdiwam control cpdeomelopE oScodigpiaa: =adigspds 0od§EnoN
20€onSseoigs 83260000
(G) Less database management
Sub-system sscd:300305 database 0od9oopSs(common database)aon copbes0o05gS

82005 [ggEad§:865q [gpSes Boopd
(§) Less chance of error

odesepanpdse control cobeomeoPpé 2eeigapd8es saefgsacs spd:0kaodi
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@-0 BAS Hardware Architecture
Computer control system gpsel hardware architecture s32005¢n hardware device gps

0p5333 §o5e005002:00p503 GedlgoondgEs (96205 §odsoaSoomsd(connection)od [o3pS¢) o8
hardware gp: 6p50393 80050305 (communicate)jo3000503 28805

Distributed system architecture & centralized architecture vq] $6§js [eps8a0p0n BAS
FP:po0pd distributed system  architecture [g®oopn o36o05 centralized architecture 205

aoeagpoopd 3a8l0g€ 3¢) 3209:08[Ga 00dlond coz8Ea0N

@.0.0 Centralized BAS

Centralized building control system qp:o3 coo5§ building control system gp:og
006e0€[gE{gE cwod§ control system &1 pEeeo>ESEGE:(capabilities)gp: 38 [gEwn:c08E00i
Centralize BAS o€ central computer 0o6cd:00§[8s odcomputer o30gE application program
g $C database qps 00p0§o0pdn Central computer 2095 sensor $& actuator gps 320:0%:03
input/output field panel ¢oods0& 005030520051 Communicate ap&200501 O(e- J)og¢ centralized
system oo&gel schematic diagram o eedjgoonzoopSi System 3203€:3 information gp: B:e0€:05E

data flow [§860303 eedlgaonsoopdi

VDUjB

o

Actuators =
D(i /

Data transmission ||

Sensors

Sensors T

o— =
"1/0 board
D Central controller

Actuators Dumb
outstations

c? cJ Centralised controller with dumb outstations

Disadvantages of Centralized BAS (820:505:q/05¢p:)

() Central PC 0069000520000 cRadqiodgyp: qpeaoniantoopdi 0ob9onpbieoon computing
power [46[Gs system oodcdeei intelligence device (820051 008[GE505 monitoring cd[gEa
ogobqod(calculation)gls  $C control function gp:eacged central PC 20pd ©§Co§
00620007393 [§08E 2005

() Centralized BAS &l response time 20p5 6$:600§o0pdn 3200:00[g¢ data point qpsggoopd
centralized BAS gp:03€ 3¢j c5:00051

() Central computer qoS[g&s(fail) aBwupod central computer $C field panel qps safoypsd)
communication [oS[g&s ©a0pSo3e(o3pE building control system ood9ad: ad:eqe0dl
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@-0. Distributed BAS
006§, BAS gpeaanind:cdcdoopd distributed architecture dogps [g6(o300051
Distributed BAS &l 2800 32805223&:(main component) gpse>
(o) Network communication modules

(@) Digital communication network and associated communication protocol(s)

(o) Direct digital controllers(DDC)

(o0) System Operator Interface, (typically a workstation PC).

(c) Remote communication devices(where necessary)- modern, telephone links, etc.

Advantage of Distributed BAS (820:000gj054p:)

(0) Control system el 3280522880009 QES[gE0ES YE§opd  oofgpreomesepPypist
0a005a38e01 eqird0pd DDC gp: 33:0d:0005 opodeacntgodeepsjoopd control function
g0 00§ 6aogodesaddepdi

(J) Distributed control system § §ao0> control response $& alarm response soqj$ sacR§[gs
20p01 DDC 320:08200p5 29035E0005a3E2005 data processing $& control operation g3
200593E DDC 32038:3 godesonteuseseamelopE [gdoopd

(p) Distributed system qpzoopd GqEa00do000p5N Operate cpd$ gudop(@: Local Area
Network Topologies expansion cobgscopS: vacddeon LAN communication 320305 coax
cable | twisted pair a300pod optical fiber gp:o3 sad{g8Ea0p0n Network o3 star 1 bus
a3000d mixed network 02005 configuration [gjco6§Ea0p5n dlo€aopd node (participating
node) qpzeil geometric wiring layout o3 network topology [9¢ esdlgaopdi

633005038 network topology gp:el 320250055055 330:000/05q03 GeS{goonzodi

(o) Bus topology gz 89:00:03E 320:500:9/05 $& 320:000505gp2 §03005
(0) Cable gp:0? node 0d9eogad oofgps node 02693808 0205 GO s00dagud
aon:00081 T-splice o3 saaddg)g] s0050305002200051
(J) Bus ¢l soediesepy resistor o 22ddqq) terminate cpSqEopdn o3 resistor o3 End of
Line(EOL) resistor vp aal 20p5n Signal gqps [g$§05[gEs(reflection)od omazede§ 320305
EOL resistor 222%gq[g€: [990oopSi Impedance mismatch [gbg] signal reflection

[§020p51 Cable short [g6[gE:(shorted cable) a3wupod faulty node ood99efopE bus
o0d90del communication ge5a30:08gepdi
Fnsogodgp: - Gonanudoje(cable) sagobicodom maaddggs cGaopd
a2500:qi05qp: - Node 00d9qiod[gEealoppé network oobpad: ©ad8058Eeun sacmude) 3a0gs
qedaqpeoon bus(cable length)] §|,038:qe5(fault) [gdedldeood o fault o qpeges sa0Rs

00530001 6§20 034, 9qpo|pS(Future expansion)q§seo305 [30oCe] pre-wiring cpdes
00532001

(9) Star topology 03¢ active 986005 passive hub oopS§[Ga o3 hub $& node gpesd:dsa?
series of radial connection qpsg& s005a3050020005
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(0) Active hub 2005 signal amplification cpSc§:03 pdeeonE8EGE:G: management

command gpzo3copds caongodeu§teds §ooodi
) Active hub 20p5 33¢0: odesoggCs(error checking) $& [goco§o§oopd node o3copSs
electrically isolate (electronic $p5dg¢ ©0SooqgCs) w6800 Passive hub

qpP:oopd  node  gps =[gSmacps  §odsooS(interconnect)§omn  cv68E200N
Impedance 6305p8es2E(matching) [geo68Ea05i
30:0000qPien fault [gdedlaopdesep m&ooodomsadgEs(ease of fault isolation) by-passing

c0d[gts $¢ faulty [gBes2005 node gp:od [gg€as aguSangts odlgdoopd
30:5p0:9/09qPie> bus topology 0o’ Jgpdagpsoogd cable qp: 3203qq$ 3005
(o) Mixed(star and bus) topology

(@) Network oodzacglsd component qpso? Star O&(Star network) $& Bus 06 (Bus
network) $6§scddgbeInt  eepesng §odeoodoonagE  mixed  network

068l 20051

Unitary Controllers - Unitary Controllers
Low-Speed LANs High-Speed LANs Low-Speed LANs

/ iE e /
& -

D D, = D 5
S e

Ehernet BEhernet

09 o Y
e - S

0

Workstation Workstation

6 @-0 Internet ¢ ;3690§ BAS network §6;>(>§ integration coS[ge:

@©-J Basic of Network Communication
Computerised system gps 0095 009 3agC:qiCsansolalggn s005a300¢(communicate)
[g10968Eq§ 320305 6320053l compatibility [gooogogp:ad S:go clggtiqs a33a60000
(0) System gpszansd:0005 opoBeoon Operating System(0S) a8ewpod compatible [gdeood
Operating System(OS)qpeg¢ run coosfGa oppBaoon(similar) networking capabilities §eepdi
2002qps6o00 Operating System(0S) qpeeo( DOS 1 Window 1 0S/2 1 UNIX, etc.....)oo20p503

(G800
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(J) System gps 320:0d:03€ oS0 network ofewrod compatible network 3303E:03E §aepdt
a3000d network ©opo8dlon 9Bewrdd compatible ofgddlon  (network  compatibility
o[gddlon) convertor gateway ©a0p5 network interface device qpo? 3203qqq] §0De005
§Eo0p5i (Ethernet , ARCNET, etc.....)

() System gps3ascd:p compatible [gdeax Application Program Interface (API) §qepdi
(NetBIOS, Sockets, etc....)

(G) System gpszazadionf opoBeoon protocol adewpod compatible protocol §eepdi (0SI,
TCP/IP, BACnet, MOD Bus, etc.....)

(§) =ofgps network § 3a[ge: system gpzo information g0 cpd:a8Eqs(import rE8EQS)
system =a038:q) application  software gpsod 8&E: [gapdaoniqepdi Point gpso? mapping
c0d[gCa migration cpd[gés 020pdM3ggP:320305 Net DDE 020[g¢ eqragndogt sacgubonmy

§8E20p5 software qpzod 3200dqe] import ap&8Ea0pd

@-J-° BUS
Bus &32005¢n Busbar o 320368l05 caled[gE: [g6o0pdn Digital communication system

:038:§ source omdesep (cusdopdesep)e destination oodesep (Gepodaepdesep COSdERD
esep) 93 data qps GepodeINe Jeeonlqf(data gpioodesmnenqs)scgnd 3203qqs cable
[P3pgpz03 “Bus” vpesl aophi

Control system 33038:5 co:doopdesep(source) GsapyPieasod ©pdaopd source o
SaeqE3ro0pSeBo0pd  priority  qeodeLic00:0m38  conddupdesep(destination) qp: 32505
0p52005656pm G3a6qEn3:00p5 8200 priority 2005005 Guzooze R0

@-J-J Interface

Interface aB00p0wn system o0d93303E: component $69 Fofoyey §eood common
boundary 2800p05 shared boundary o3 csle3aopdi BAS 0od9ozE DDC $& controlled device
oz 03¢ interface circuit §q§ 832620051 Controlled device qpsgo motorized valve a3wopcd
motor starter (62051

@-J-? Integrated Control System

Integrated control system 03€ $&90005 deox dedicated control system qps sag8:q/Cs
80050305 (communicate)$E2000n co&eagpoogd protocol $¢ gateway gp:od 32034qe) network
o069 20038:§ oBgrreoon proprietary system gp: sagCqics s005a305 (communicate) &Eo0pS
32680005358qPigd §o0pd complex afewrod campus ad0gE sapqjpeo plant gpisE service
Q20305 co-ordinated control [§de308 integrated control system o [gopdeozoopd

@-J-G Gateway

oopoBa0pd protocol o3 od:co0s00p5 computer system gps 3alogropE  translator
[gbesontgodeusongd hardware package o3ewr0 software package o3 gateway vp Gal 2opdu

Network 20038:§ system qps 00d9gqi€:Boopd translation [geod[d: e0050305 (communicate)
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8Eaomalopé 88ad:eseo0n protocol o3 6gpliq wadeon Gateway 20p5 system 0od9e protocol
o3 omom[g§lGe (interpret cpdB:) onfgps system oodge snsc0pSeam protocol s3(gdad elgpleG
a3 system o303 information qpsod Seus0pdi 6300H0RE Gd[goonseodn diagram ogE protocol A
$C protocol B 03 93:000:0005 system $6903 gateway ¢o06s0& 0059905 Guscosa0pdI Gateway

20p5 295€ §0de005002:00p) system gz sscd:el protocol 03 §0:c0p58Eg6: §aepdi

GATEWAY
System 1 (Protocol A) System 1 (Protocol A) |System 2 (Protocol B) System 2 (Protocol B)
7. Application 7. Application 4= 7. Application 7. Application
6. Presentation 6. Presentation *6. Presentation 6. Presentation
5. Session 5. Session * 5. Session 5. Session
4. Transport 4. Transport * 4. Transport 4. Transport
3. Network 3. Network * 3. Network 3. Network
2. Data link 2. Data link * 2. Data link 2. Data link
1. Physical 1. Physical * 1. Physical 1. Physical

g g

$ @-G Gateway 0069 22006006003 OSI layer qpsgEesdlgoond

€-J9 Hubs/Repeater

0p520p5 media sa§aon:(type) [§0deor $69000532005 Ethernet segment gpsod §jod
s005q$(connect) 320305 hubs/repeater gp:od 3203g8 Eoopdi sacg&loBiwntoopd system gpsogd
segment qpzaopd 2005005000:0005 maximum length o3 cogeg&oopd 320305 signal quality
onjeoCzanoopdi Signal gp: dqod(deteriorated)anoopdn Hub gpsoopd  signal amplification
[958 Eeomaeo3pE 200500D00:000) 3agp50005 3652005 segment gz C00598E20051 Hub
00692005 0€aw20pd incoming signal o3 port S:di0003 repeat rSE8E0N BelopE
repeater 0 cal 93§ [gdopdn

@-J-6 Bridge

Bridge 00pb oBqeps network $6903 soodagudeusoopdi §odsood(connect) eozoopdi
Bridge 2005 sa§jseaoni00naopd network $8§g03 §odsoodeuso0cd sajrmaeniopoopd network
56§03 0060003005 gbeINnE [grpdeusoopdi Ethernet $& Fast Ethernet o300pb sadjsaen:
0080005 network $6§ [§620p51 Bo0cSmEisE BanodmEd e00bed euia0pd oeom
[§8eoma(o3pé bridge v 6l a0pSi §a00dan network $& V39005 building ¢ network o3 edlE:eos
comelopé bridge vy cal 93§ [gd20pdn

Network 32038:§ node gpsd set comeoon Ethernet address gpsod mapping cpd[d:
83260003 traffic o3oon bridge oo ago:g&{gjoopdn Data packet qps bridge 9393 GepoS0005ee4]
cooddqepdesep(destination)sé  cusdoopdesep(source)odoopd ©pdaopd network &1 wpbaopd
656pRE §oopSa3 (03058 codielozpEs 20050052005

cosgoopdesep(Source) $& cepodfaepdesep(destination) ofoopd segment codoeacaE:d
§ogiE wuSoons(drop cvd)oopdn odspSisandgC filter coSo0pdn  Source $E destination 030005
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0080005 segment $6903E (Bigr: segment cd98oE) §ogiCoon forward cpbaopdi Data
packet o3 eepadeepd segment ofeepodesané forward cqpboopdi adsalg€  bridge o0pd
qod8:e$00p) data packet a3owod misaligned [gbeso0pd data packet o forward ocp&dl Bridge
qp:od ‘store and forward’ device qpsop Geloopdi Filtering cpepd a3ewrod forward qpbed
000pd  edi{godgied(decision)od wgeodel Ethernet network 00d9ad:od =aqE[opdq ©dceo:
Gooe[oypE ‘store and forward’ device op 68l [§E: [gdoopdi

@-J-Q Ethernet Switch

Ethernet switch qpsoopS Ethernet bridge qps 32006006003 deomEiesmt [ggé coodgé:
[§020p51 LAN switch gp:a0pd (00)90005 Sqpseoon network qpzod §o59005 Go8Eoopdi LAN
switch gp:og€ cut-through $C store and forward opq) 3ac[gdsandyC architecture $6e
Rlgpzoopdi el m§§on cut-through switch qpsoopd “store and forward” switch gpscood
Jlg8e320E 320060p68E2005n Cut-through switch qpzoopd destination segment §823 data packet
o3 forward ecw6eC destination address 03000 obesotoopdn Data packet 0odd0d wodeso:dl
“Store and forward” switch 20pd designation segment o323 forward ocobeC data packet

00690d:03 odesvs(analyze cvd) [Beo cosd(forward)aopdi

Data packet 00d9cd:03 obeaoicamaelopé =q$3[oxpaopdi o360 data packet gp:e
error o3 ¢pegd8€aopdi qoSBieso0pd data packet gp: network 22038:0RE (j §eese3N0E
(propagating [gbeese320C) 0m02e8: §E20001 0B switch $&§jzads0005 network o3 collision domain
%[0 Feps§Caopdi Ethernet switch §oopd segment o3E00p5 10Mbps bandwidth 3a[gpdo?
0dgon(user) sasobicoSmmom  share cpbeomelopE  Jq)  gSseeonepd(performance)
GomEzo0pdi

00656905 switch gp:aopS EDDI 1 Fast Ethernet o3ewpod ATM 02095 high-speed link
qpsS §odeood 320{g8E SlgSoopdn High traffic server gpssaogad switch $6903 sa0pelIC:

cofgtdg bandwidth o Sqpeooogdi Switch link gpsg> GOlC(G: dopSs0omo0pd network o3
‘Collapsed backbone’ network vpesl 20001

@-J-© Router

Router gp:oopd data packet gps(traffic) oodesepe oodesepad cepodes 200d00d00:
@o protocol [§& Bode)(filte cobe))a8Ss0:00001 Data packet address qpsg¢ filter o1 protocol
opoopd network 823 protocol cpoopd data packet gpsodom eepadeooopdi Router qp:aopd
network o3 logical $p55gCo00 [gpscon:0000n Physical $054g¢ Slepseconscon

IP router 0od920p5 network o3 subnet gpign [gdeeanE Foon:0000N odelopE IP address
0069883 eepodesml opsEo005edEoopd segment gpzodomn [godago§Caopdi [godogries
cBo0pdi B3 intelligent forwarding cpd[gEselogpé network speed es:eoz:092:8E 00051 30398
protocol [g¢ filtering cod[gEsalopE 3a§§S[ozpo0pdn Switch gpzs& bridge gpiogé data packet
address [§¢ filter cpS[gselopE 3a§§cBo0pS Ethernet address 030x (030995 c3oopdn a8eood
:0R§ p$qoeagigpegrroopd network gp:ogE router o3 =0ddggcsgE network [P3kond9cdseh
overall efficiency 3eom&scon §Ea0pd
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Event2HVAC Eventsz-é\lfi:ri
Client/Server i =
BACnetIP )
clr:u SQL2005/2008

Room
Reservation
System

( TCP/IP - BACnet/IP D
BACnet/IP !
- -VAV
BAChet/IP Controller ] -
. L vav |
BACnet/IP Device :
Integration Door -=-r | ARY
Legacy Access BACnet/IP ! |
Server HVAC Control = [ other
Network ontrolier : Integrations
(B
1
- +
1
j o
1 Integrations
i VAV
|
1
L
1
I Other
Integrations

¢ @-§ HVAC network 1 lighting controllen VAV & AHU controller 0303 integrated cpboo:d

C-JEC Communications Networks

Polling Network

Polling network 0o®903E DDC gpigosé central DDC 0069 dlo€oopdn Polling DDC
network o3& DDC qpzad s2:0d:03 central DDC $& §0de005000:00001

Central DDC 205 sacppSo3 DDC controller 0o695&000 communicate cobo0pS Central
DDC o 220380005 32§$0000 DDC 0ods&oon communicate coSo00dn odelogpE network speed
5200051

Central DDC 20pS DDC o0degqi€s8e information gp:od sa8ssododoy sacppdoy)
008[360qi€ 0od9oy) polling cvS20051 DDC o0dee alarm [gbecl 0pdsE 0o[gEs05 Central DDC

o qodgt: Be$ o[gdb§Eeun mcvpdeepadesmnt contqs cdaodi
Peer-to-Peer Network

Peer-to-Peer network 03¢ DDC gpizan:cdssé 0o[gEs05 communicate cpd8Ea0p5i DDC
qp: 29C:qCs 0dpsC 0009 ;[gSsacys odREsed communicate pE§Ea00n(Controllers
exchange information immediately )1 32000566p05630E 6on¢qs wcdeor DDC controller 30:03:5
communicate cpbq$ equal authority §oopSi Device gpizansadsoopd information 3200800¢
[920p55E 0dgEs0d 00nCe communicate cpdfogoopdn Input signal coodd[gE:sC output
0005605503 dGEs0d S80I DDC 0od9a0pd o3& DDC gps sancd:sE communicate
0068800051 conéeaqi$(waiting time) o§eooaeloppé network speed sacg§[g$oopdi

eqpooalon BAS gpiop data processing o3 pdeeont8Eo0nd ondoeomn central
processor o2 Afeamaelo3pé poll response protocol o3 3205:qp:00p5n 656905 BAS gpiogt
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DDC gpisazads) processor dfeomaelopE peer protocol 03 8aad:qpianaopdi Master device vg)
o§eoxpco

Poll-response communications protocol oooSmchS Peer-communications protocol og&
6220050| 320:000|05¢p3(advantages)§oopdi
(0) Communication 20p5 master device 0od9apbiedoa€ w8l
() Bus $& §odeondoon:a0pd devices qps 3agi€:qiCs 030505 s00d0g058Ee0melopE  central
processor ¢ 00ds0¢ 32g[05320005¢p: [§odogaqs ecdao
(p) scdssC 2005a3Ea000s0g/053a0005¢ps(Global messages) o3 bus $& §5e005000:0005
devices gpza8a3 008[gC505 000503058 Ea0pdi
Peer communication o3¢ device gps bus o3 §o58EgE time slot 20p5 zacengpPod
320000(03 [§62000n 00d5pS:3o0dgC device gps data transfer codqs bus $E §o590058EgE time
slot o3 sacppdog) 590201

Peer-To-Peer

Fan status.._
communicate

Polling

Alarm...communicate

panel asks for my feedback, after

Alarm...| must wait until the contro]

1 2 3 g 1 and 2 have talked immediately. immediately
[ VAV ] [ AHU j [ Fan Coil J [ VAV ] [ AHU ] [ Fan Coil }
] %:>:>:>::>®%:>:>%@
Control Panel 0
Rt g
Opticnal Panel %
Netvork _|:| A
=

D Turn on fan..
communicate
@ immediately.

¢ ¢ @6 (o) Polling network ¢ @-6 (o) Peer-to-Peer network

= i |
BAS Server (Linux)

Maintenance
Management
(Windows)

Housekeeping

(Mac) x

Accounting . ; : 3
Mainframe ‘ En%gﬁ:{'ng
(UNIX) Facility Portal

Q @-q Integrating information from multiple system into a facility portal
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@-9 Communication Protocol

Communication protocol a320p5¢n computer system gp: 3gCsqi€s 00503056
(communicate)za0g05 c8odqepdopdimnsgps(set of rules)gdaopdi Protocolaopd ooooomeom:s
0pp800p01 9200000009 $EB:006(Ped 800509058E208 protocol opaopd system $E9oD
e[grad 9005930580051 Communicate cp&8Ea0p5 Talk $E20051 0300000072 ©oR20Ed CYsdS:
e[pades oomig§(translator) 3326000393 protocol ©oa0pd system &9 communicate
068320305 gateway o3maboopdn Gateway o0pd omom|g$ (translator) =ofgd eeonlgod

0200001
nformation Technology Building Services '

High-Speed Internet Lighting s'

fg Wireless Elevators (Q
(;@}/ Mobility - RFID - Tracking {@

Remote Access
=>4
t4

HVAC - Sensors ( \ 7

Unified
Communications

Audio and Video
Conferencing

Fire (@

TelePresence

@€

/

Interactive Media

Digital Signage

—
&
m
2
<
=
5
@

[1:}
=)
2
@

<°3 @-© Information Technology and Building Services
Communications protocol qpsoopd BAS 6l oelgd c332600p) saep|gdaopdi BAS oode
32038:5 c0odpdormppode device 32§ $E controller 3a§§j:03 §es§E05n codesepe
data gp: safgpiondesepadad cusd[gla quplgl: cwdesoEasadzadaopdi
(o») Open Protocol
(®) Standard Protocol

(0)  Proprietary Protocol upe] 2a6gdsadgC protocol od:gjs §oopdn
006, 3209:q:a0p) communications protocol gp:o? eedlgaonsoopdi
(o) Building automation and control network (BACnet®, Modicon®, MODBUS®).
(y) European installation bus (EIB).
(p) Local Operating Network Talk (LonTalk®) Echelon Corporation.

(g) Emerging BAS Internet Protocol (transmission control protocol/Internet protocol [TCP/IP],
hypertext transfer protocol [HTTP], extensible markup language [XML]).
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Protocol gps $& cp0dapba0pd opgadypisonny eudlgoonsaopd

BACnet LonWorks Property Protocols
Alerton Invensys Siemens
Automated Logic control Echelon Trane
Delta TAC/CSI Johnson Controls
Honeywell
Carrier

@-9-0 Standard Protocol

Industry 0069 o3ew0d 323320p5: 00d9e 030goosanpd protocol [gdoopd Industry
b9 E:odel a33p0g/05qPiad [godeopbiqSaa0305 develop qpbaon:o0pd standard [gdoopS
Standard protocol sagqpso0pd International Standard Organization (ISO) ¢ publish cpG20pd
Open System Interconnection (OSI) model o3 326[gdcog300051

OSI model o3 computer industry ¢ adopte coScoois network ood9za03E:§ computer
o0bcdo 3afgp: network 0038:§ computer  oodad:eBo3 data gp: transfer cpSa3oopbeadl
066e00Eq§ 8326600 activity gpiod eedjgoozoopdi
pown - EIA/RS 232 Communication, Ethernet Communication o [g620p5u

@-9-J BACnet (Building Automation Control Networking) Protocol
BACnet &l 6§005$0088:

BACnet oopS Building Automation Control Networking Protocol [g®aopSi BACnet o3
American Society of Heating Refrigeration & Air-Conditioning Engineers (ASHRAE) s'acgcf oReq

g€ 00oEBogE xadgPo0pdn ASHRAE 6onSe030E manufacturers 1 major users i consultants
$C Bodoenongps dogfogoodi

BACnet Protocol @i 330:000gj054p (Strengths)

(o) Global standard [g&a0p5u

(®)  IBonodamepd $p5:0p00gP:ee005dl Adodeayppdeag [gbesnt 8&E: cpdaonioopdi
(0)  Architecture deoo[gdgSecdn 885 c08enqoocd 806805

(20) Device 3266350305 §005q/05 o

(c) BACnet protocol 03 sa54goopdeacgab sase[mieg coqs ecdeol

(©)  [B0500c8 g&:d 30d4g 8205

(s0) Vendor qps 529:09:8:k oopBoopgobo00bs Gaona5da0d protocol [gdo0Rdi

Benefits of BACnet

(o2) BACnet protocol o3 aadd{gjop 2266320305 3a0R5gPso0pdI 00dspdi3ige eqrozodadogt
BACnet protocol 03 s2a34gjo0pd device qpigoad agegoS§Eaopd

(9) Engineer qpzs¢ end user qpson 32034g0300p5 Support codlog0p5

(0) HVAC object gp: [godlgpd6$ §oooeds [gdoopSn

(00) EIA/ANSI standard o3 326[gé consaopdi
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(c) Robust [gdoopdi

Center of Technical
Building Management

l Operator & Management
> BACS i
Automation Automation and Operation
A
/ \
Security Security General BACS BACS
Alarming Interlocks Interlocks Interlocks HVAC controls
» Fire - Fire sprinkler » Smoke control - Electrical install. - Heating
» Intrusion - Escape route » Intercom - Waste water - Chiller
*» Sabotage « Lift * Telephone » Transportation » Air conditioning
*» Access control + CCTV * Emergency » Special install. » Room management
* Technical install. « Access control lighting « Fire damper - Domestic hot water
- Fire damper

Q €€ System integration
BACnet Protocol e 32000:3088¢p: (Obstacles)
(o) Field level 0g€ coa5d 32034gjqf 3200538§ 0001

(9) Interoperability co68EgS: sma5p5:0000n (Lack of interoperability)
(0) Guidelines 322:$p5:20001
(00) Testing cv[gE: certification coggEs o3gqp: GaoEgrdadjgdoopd
(c) oB03 ogjoy) specify cp5q§ 90532005 (Hard to specify)
(0) 03:0005g G§60R:00001 (Speed of development)
(s0) HVAC 60p0500pd cpdeSiqpianogod support cpdeosg 320:500:0005
(@) Device sa§jg3200: 325p5:c05000 q§Ea0p5n (Limited device offerings)
(q) Gate way o3 o[gdocs 3204gjq$ Saopdn (Gateways still required)
BACnet® 20p5 ANSI standard building automation and control network protocol (82005

ANSI/ASHRAE 135-2004, BACnet2---A Data Communication Protocol for Building Automation and
Control Networks opg] coqpzoopdi joop 956038 BACnet® o0pS ISO 16484-5 $C odo

030582005 protocol [gdcoroopd

BACnet networking cp5§Ea0pd option gqpzen
(@) Ethernet ARCNET (G) Echelon's LonTalk

() Master-Slave/Token-Passing (MS/TP) (9) BAChet/IP
(p)  Point-to-Point (PTP)
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Equivalent
BACnet Layers OSI Layers
BACnet Application Layer Application
BACnet Network Layer Network
ISO 8802-2 (IEEE 8802.3)
Type 1 MS/TP PTP Data Link
LonTalk
ISO 8802-3 i
(IEEE 802.3) ARCNET | ElA-485 | ElA-232 Physical

 @-00 BACnet layer gps $& Open System Interconnection (OSI) layer gps &E:00D0

BACnet Websites

(o) www.bacnet.org
() www.bacnetassociation.org

() www.big-eu.org

BACnet ¢ 2005¢005002:000) standard object a§je3a02: (J9)90% GINARE Gudly

002300001

Table 1. Standard BACnet Objects.

OBJECT

EXAMPLE OF USE

Analog Input

Sensor input

Analog Output

Control output

Analog Value Setpoint or other analog control system parameter

Binary Input Switch input

Binary Output Relay output

Binary Value Binary (digital) control system parameter

Calendar Defines a list of dates, such as holidays or special events, for scheduling.

Command Writes multiple values to multiple objects in multiple devices to accomplish a
specific purpose, such as day-mode to night-mode, or emergency mode.

Device Properties tell what objects and services the device supports, and other device-

specific information such as vendor, firmware revision, etc.

Event Enrollment

Describes an event that might be an error condition (e.g., "Input out of range") or
an alarm that other devices to know about. It can directly tell one device or use a
Notification Class object to tell multiple devices.

File Allows read and write access to data files supported by the device.
Group Provides access to multiple properties of multiple objects in a read single operation.
Loop Provides standardized access to a "control loop."

Multi-state Input

Represents the status of a multiple-state process, such as a refrigerator's On, Off,
and Defrost cycles.

Multi-state Output

Represents the desired state of a multiple-state process (such as It's Time to Cool,
It's Cold Enough and it's Time to Defrost).

Notification Class

Contains a list of devices to be informed if an Event Enrollment object determines

9-14




eomEs0005028 Chapter-9 BAS Network Integration

that a warning or alarm message needs to be sent.

Program Allows a program running in the device to be started, stopped, loaded and
unloaded, and reports the present status of the program.

Schedule Defines a weekly schedule of operations (performed by writing to specified list of
objects with exceptions such as holidays. Can use a Calendar object for the
exceptions.

Property Value

| Object Name ROOM_TEMP

| Object_Type ANALOG INPUT
requfred | Present_Value 20.3 .

| U.nlt _ 62=°"C “ggg“g
optional g | High_Limit 30.0

| Low_Limit 15.0

(;) ©-00 Example of BACnet Analog Input Object
Table 2. Properties of the Analog Input Object.

PROPERTY BACnet EXAMPLE

Object_Identifier Required Analog Input #1

Object_Name Required "AI 01"

Object_Type Required Analog Input

Present_Value Required 68

Description Optional "Outside Air Temperature"

Device_Type Optional "10k Thermistor"

Status_Flags Required In_Alarm, Fault, Overridden, Out_Of Service flags

Event_State Required Normal (plus various problem-reporting states)

Reliability Optional No_Fault_Detected (plus various fault conditions)

Out_Of_Service Required FALSE

Update_Interval Optional 1.00 (seconds)

Units Required Degrees-Fahrenheit

Min_Pres_Value Optional -100.0, minimum reliably read value

Max_Pres_Value Optional +300.0, maximum reliably read value

Resolution Optional 0.1

COV_Increment Optional Notify if Present_Value changes by increment: 0.5

Time_Delay Optional Seconds to wait before detecting out-of-range: 5

Notification_Class Optional Send COV notification to Notification Class Object: 2

High_Limit Optional +215.0, Upper normal range

Low_Limit Optional -45.0, Lower normal range

Deadband Optional 0.1

Limit_Enable Optional Enable High-limit-reporting, Low-limit-reporting.

Event_Enable Optional Enable To_Offnormal, To_Fault, To_Normal change reporting.

Acked_Transitions Optional Flags indicating received acknowledgments for above changes.

Notify_Type Optional Events or Alarms
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Table 3. Properties of the Device Object.

PROPERTY BACnet EXAMPLE
Object_Identifier Required Device #1076
Object_Name Required "Office 36 DD Control"
Object_Type Required Device
System_Status Required Operational (plus others)
Vendor_Name Required "Alerton Technologies, Inc."
Vendor_Identifier Required Alerton
Model_Name Required "VAV-DD Controller"
Firmware_Revision Required "1.0"
Application_Software_Version Required "Dual-Duct DDC"
Location Optional "Office 36, Floor 3"
Description Optional "(on network 5)"
Protocol_Version Required 1 (BACnet protocol version)
Protocol_Conformance_Class Required 2
Protocol_Services_Supported Required readProperty, writeProperty, atomicWriteFile, ...
Protocol_Object_Types_Supported Required Analog Input, Analog Output,...
Object_List Required Analog Input #1, Analog Input #2, ...
Max_APDU_Length_Supported Required 50 (bytes or characters)
Segmentation_Supported Required No
VT_Classes_Supported Optional n/a
Active_VT_Sessions Optional n/a
Local_Time Optional 30:15.2
Local_Date Optional Tuesday, March 12, 1996
UTC_Offset Optional +480 (minutes from GMT/UTM)
Daylight_Savings_Status Optional False (not in effect)
APDU_Segment_Timeout Optional n/a
APDU_Timeout Required 3000 milliseconds
Number_Of_APDU_Retries Required 0
List_Of_Session_Keys Optional n/a
Time_Synchronization_Recipients Optional n/a
Max_Master Optional n/a
Max_Info_Frames Optional n/a
Device_Address_Binding Required None

Table 4. Alarm and Event Services
SERVICE BACnet | DESCRIPTION
AcknowledgeAlarm C Used to tell sender of alarm that a human has seen the alarm.
ConfirmedCOVNotification C Tells subscribing devices of the COV that occurred in a

property.

ConfirmedEventNotification C Used to tell sender of a possible error condition.
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GetAlarmSummary C Requests from a device a list of "active alarms," if any.

GenEnrollmentSummary C Requests a list of "event" (possible error) generating objects.

SubscribeCOV C Sent by a device to request that it be told of COVs in an
object.

UnconfirmedCOVNGotification U Tells subscribing devices that a change has occurred to one or
more properties of a particular object.

Management Layer OA Tools

Active X
OPC DDE
ODBC
i BACnhet
Automation Layer COM/DCOM
LonMark
Ethernet/IP
Control LonTalk
Layer

& @-0 Protocol qpzod network layar qpsgé §8:0950

@-9-0 LonTalkk®

LON &l 328¢p05a0p5 Local Operating Network(LON) [g&aopSi LonTalk 20p5 Peer to Peer
protocol [g®20p0n LonTalk protocol 20p5 electronic component gp: sagiCqis 2000E:ag05
F20005g2 vapod(data exchange) epop 22ad:gj00pd 206208505 (9mr20000m8) [§&205!

LonTalk® 20p5 Echelon Corporation ¢ LonWorks® $05:0p2[9¢ interoperable control
network qps320305 0Bag€aon:a00d protocol 0o [g8a0p5i opee 956038 Echelon ¢ LonWorks
platform o3 0008030932005 Echelon $& LonMark user gp:on LonMark® Interoperability
Association o3 opeG 958 GerLoRE ©00EFEpS:Faopdi LonMark Association o  certified
c0600200pd device gpzoopd LonMark 05836(logo) andgE[Ge LonMark device op 2005005[gE:
dqoopdi ©pdaopd LonWorks network o€ oad 000808 =paddg§Eaopd device [gbo0pbup
aBc8a0pbi LonWorks o3 intelligent device qp: §odsoodoonaopd distributed control network
qp2opE saadigjooSi
Local Operating Network(LON) $& 05005880005 media sa§jgza00:(type) qpsgd
(o) Electrical power lines (e.g., power line carrier)

(y) Balanced twisted-pair cabling may be supported by any recognized topology (e.g., bus,
ring, star)

() Optical fiber cabling
() Coaxial cabling
(§) Wireless

LonWorks network s2038:§ LonMark device qp:og€ Neuron® chip opeslaog) intelligent
microprocessor Algoopdi Neuron® chip 205 processing cpbess $¢ communicating codcSaqpod
6a008gode0z0pdi
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Toshiba $& Cypress Semi-conductor Corporation o300p5 Echelon &1 c3€oCgE[gged
(licensing agreements)lgé Neuron® chip qp:od 0005050300001 sagp:  protocol s
oopoBo0pd F2q0d¢n LonWorks 20pS OSI model ¢ 3090 (qQ)aga(seven layers)ad:od 3203

ooo:oaéu

LonWorks Strengths LonMark Obstacles
¢ Gaining momentum * Number of available devices
» Good field bus solution * High level implementation
* HVAC, lighting, security, fire, sun blinds, lifts e Lack of support from engineers
» Widely adopted (worldwide) * Echelon ownership of technology and marks
¢ Interoperability ¢ Not native IP
o il S L SR e

] 2l & 2l B

.:_ EIB EIB

Applicatio
Controller | L . l 7 < m “l
= — I )
Q ey ==t = =]l
| g — -
Heating, Ventilation, Window blinds  Motor Control Heating, Ventilation, Window blinds  Motor Control
Air Conditioning Lighting Control  Control Air Conditioning Lighting Control  Control

Q @-09 EIB centralized system @ ©-9G EIB decentralized system

@-9-G Modbus Protocol

Modbus protocol 20p5 serial communications protocol [§&a0p5n Communicate cpbao0pd
device gp:03 22008:c30508(series form)gé §odsoodooneamelopE  serial communication
opesl20pdn opqeesdogE Schneider Electric (0ossaesl Modicon) ¢ Programmable Logic
Controllers (PLCs) qp2320305 oBog€daopdi §eqled: 8odqqoopd communication  protocol
[020p51  ©05geaGesiqps(industrial)ogé  3203qgoopd  electronic  device gqp: 22[gS3a00S
§05e005q8epogc 2aadiqp:a0pd protocol [goopdi Network 0od93a03E:5 device adIEs (Jgo)zedd
§o5e005¢) communicate co68Ea0p51 Supervisory computer ¢ remote terminal unit (RTU)gp:o?
control cpbq$ $& data acquisition pEeS3a0305 3054gj00R0!

JooGes00RE  Modbus  protocolo?  Modbus  organization ¢ JeomEieeant c0dd
[glg320p5n Schneider Electric ¢ ©3EgEqp:o3 Modbus organization o8 c3egpEseusdoopdi
MODBUS message gpz320:09203E 0932005 00pSeaonndd(structure) §o300051
MODBUS message structure 53¢ 6320053 8agj05qp: dloCaopd

(o) Device address—Address of the receiver.

(J) Function code—Code defining message type.
() Data—Data block with additional information.

(G) Error check—Numeric check value to test for communication errors.
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Serial MODBUS network gp:og€ master
ModbusTcP  device $E slave device vrg] $8:§oopSi Data gp:

I (Master) ° - o
eo:cgcﬁ 390905 master © ooo&ﬁ initiate C\Pooaén

v A slave device ¢ 0p§[g$o0p01 MODBUS  serial
Modbusiial] communication & message qp:ER:d:0d  code

| (RS-485)
Modbus/RTU — 7 960012005
(Rs-232) i . ! American Standard Code for Information
Controller  Controller AC Power Interchange(ASCII)§§ Remote Terminal Unit(RTU)

Ethernet

np"°‘;"'er Monitor o
eter . . o
ModbusiRTU (Staves) opg) MODBUS transmission mode $&§j:§o0pdi
¢ ©-0§ Modbus connection
Generator Controllers on Lonworks
Modbus RTU Controller

I
P

Bullding Management
Power Meters on Modbus TCP System on BACnet IP

¢ @-06 Modbus RTU $& Modbus TCP

Master Slave
Initiate request
Field Name (Hex) iii ”7__"‘-*——‘_‘__7_ .
Function 02 ——» Perform the action
Starting Address Hi 00 iti
i A U5 = —— Initiate the response
Quantity of Inputs Hi 00 —
Quantity of Inputs Lo | 16 =17
. “« Field Name (Hex)
l Receive the response r Function 02
Byte Count 03
- Inputs Status 204-197 AC
iﬁfﬁ'gime “;‘;") Inputs Status 212-205 [ bB
1 -21
Byte Count 03 Inputs Status 218-213 35
Inputs Status 204-197 AC
Inputs Status 212-205 | DB
Inputs Status 218-213 35

$ @-0q Modbus message gp: 32[g$32008 cosd(transfer)d

ASCII transmission mode ogC message gp:3ad:cds03 ASCII format [9C code
c0600200p51 Remote Terminal Unit (RTU) transmission mode 2005 binary coding [g®a0p5n RTU
transmission mode o3¢ message 3agudzEENgP: Go0:c0da0P0N 0pBaopdea$32038: message
qPeqeo? transmit co68Eao5i

TCP/IP 2300pod Ethernet connection gps 320305 MODBUS protocol o3 3203qj0opd
MODBUS/TCP vpg] oBogloonsoopdn TCP frame =00p8:§ MODBUS frame oopdoonsoood
(E)écfﬂlzﬁﬁoaéu

Modbus serial dloogpsaopd RS232 2Bwwpcd RS422/485 connection o3 [gdoopdn 2-wire
a300pod 4-wire [§68Ea0p5n Polyethylene insulation [g& 24 AWG [(0.51 mm (0.020 in)] conductor
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[g0o0p5n Twisted pairs Slooogpiodoopds  30dg§Co0pSi MODBUS/TCP o€ category 6
Gno005qp:ad 3aad:goopd

-

ﬁEu}f CHARACTER

- e = —
-+. CHARACTER EOF  |CHARACTER | EOF

=

DATA PACKET ACKNOWLEDGEMENT
TELEGRAM

T T e T e T e : B T B o o e A S ATt i
Source Address Destination Address
.- Fo v 3 = o _' F- 3 T 0
2 U ‘ a W | F F 2z ‘ 10 D 1 4
Fong Lina Addrass Zone Line Addrass

Q @-O@ Address structure for source and destination of telegram (system accessing mode)

@-9-§ European Installation Bus (EIB)

European Installation Bus (EIB)aopd opeo o€ Siemens ¢ oSag€oonsoogd industry
standard protocol [g620p51 joo J 53€ 00dgarbesieilts 0on dloCaopd EIB Association (ELBA)p
coqpro0pd980 3E:08:600005932005 protocol [g620p5n EIB 2005 modular $6§jHgdoopS Multi-
vendor environment o3& coSc&:§jpd320305 3203gjgs §pdg0Se] 030gE3(gE: [gdoopS

EIB o3 opboopd topology $& sl =oadig§Eo0pdn Carrier sense multiple access with
collision avoidance (CSMA/CA) protocol o3 sac[gdcon:oopd serial communication 62005
Network 32038:§ device qps 3aqC:qi€: common bus o3 ads) communicate p&8Eaomalope
en0d[0 9305008:q8 cBagp: $E bridging cpdgEsadggps cagpg8Eood

een0d0p¢ transmission media o3 s2addgg home 1 office 1 building automation
c&cgpiad EIB [9€ [giapc8Eaopbi

(on) Balanced twisted-pair cabling (9600 by/s).

(®) Electrical power lines (e.g., power line carrier, 1200 b/s).
(o) Radio frequency (RF [19 200 b/s, 868 MHz band]).
Advanced Network for unified building integration services (ANubis) ooé powerful

protocol [gdoopd Internet 1 intranet $& extranet o3¢ oodeo¢ integration cpbe$3a0305 object
model [gd20pSi EIB ANubis protocols 2005 0pSo0p5 IP network 330305068 32054g§E20001

@-9.6 Proprietary Protocol
Proprietary protocol qpza0p5 Johnson Controlsi Honeywelli Siemen 00005 orgaBondeom

a8s0080809800:00p)  protocol [gdoopdi Proprietary protocol gp: 3a6o3pEiad oferspdogt
oeed[goodl
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@-G Low Level Interfacing and High Level Interfacing

BUILDING MANAGEMENT FIRE ALARM
SYSTEM SYSTEM
OPERATIONS ol
- TERMINAL
LEVEL PROCESSOR %PTEE%'}L%FI‘E
PROCESSOR  ponTER D_
SYSTEM-LEVEL B
PROCESSOR sms |= L SENSORS
PANEL |— AND
— |AcTUATORS
-/-\-. FIRE
BMS — ALARM
PANEL _)‘j BANEL

HARDWIRED CONMECTIONS
& @-Jo surface integration a30005 hard wired integration

s [
User Interface =
’—;.

| TcPiP BACnet IP |

Servers

Network Integration of

. Automation/Control Chillers by E-link
* Engine (NAE/NCE)

Inputioutput Controller
Module (FEC)

=

E E E-link

Sensors, Pumps -
Cooling Towers, g [ —
Valve, VSD | RS485 .

BACnetms/TP  E-link Air Cooled Chillers
FC Bus with Enclosure

Fo=F =

Water Cooled Chillers

& @-Jo High level interfacing o300pob high level integration

@-G-0 Hard Wired Integration or Low Level Interfacing

Hard wired integration s32000¢n sub-system oodge input/output point 0od9gC:803
Aon[gé  §odeocd[gt:od Badoopdi Surface integration o3ewpod low level interfacing
0062009 LRgjopds Glgpadenp§oopdn 30005356p0dsE 2005e3E0pY input/output point ¢pzo?
hard wired [g€oo integration cp&gElgioopdn 3a000delo3pEadeo05 hard wired integration
320358059 20p5520: (9620251 Software integration ewrodeomalopE controller gpsi router g
software qpsi program gpz$¢ eooodsdeoneol
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pow eeontoopdandl ACMV system § AHU gpisC FCU gp: 8odq$(shutdown)saogod
fire alarm system o activation point $& hard wired [9¢ integrate cpdeedi Lift qpz homing
c06g§ea0305 fire alarm system ¢ activation point §od>s0056edi

@G- High Level Interfacing

o3058E control system Al§oopd equipment gpigdlojeoon chiller 1 air compressor |
generator 1 Computer Room Air Conditioning unit(CRAC unit) qpsei input/output point 0ob9qCsd
o3 integrate c0OqS cPSoy0§0d 2gSyPddpdn Serial communication (¢ equipment sa03E:q)
3205320005320:00:0% DOGE05 quasEaopdi Bspd:0005 “High level Interfacing” [go0pS
63200503E York 03a88 water cooled chiller qpzgé air cooled chiller gpse information gpza3 high
level interface c»Sq) Building Automation System (BAS) $& integration co6003 GwSgoonzoopd
High level interface co20p5 device 20p5 Johnson Controls ¢ cpo5ap&a0pd E-link [g620p5

Table 1. Recommended chiller-monitoring points per ASHRAE Standard 147

Flow Flow Flow Flow
Inlet Pressure Inlet Pressure
Chilled Water (or
other secondary Inlet Temperature Condenser Water Inlet Temperature
coolant) Outlet Pressure Outlet Pressure
Outlet
Outlet Temperature
Temperature
Refrigerant )
Refrigerant Pressure
Evaporator Pressure Condenser
Refrigerant Temp. Refrigerant Temp.
Level Level
Compressor Discharge
Pressure
. . Temp.
Qil Refrigerant
Temperature Compressor Suction Temp.
o PPM Refrigerant Monitor
Vibration Levels
Level
Exhaust Time Date and Time Data
Purge Logs
Discharge Count Signature of Reviewer
Ambient Dry Bulb Ambient Amps Per Phase
Temperatures Wet Bulb Temperatures Volts Per Phase
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D 2] | coes  ELink ggeer
£ Port2 | |§ Port 1 =
— E i
; o Equipment s BAS Port =
g- Port g 2
= OR 3
5 C 3 || |2
(8]
Port3 | |Sl-[port4]-lg|| |2
RMP o | 2 mam‘“‘?"“ﬁw
i i = | ASSOCATION
‘ Remote monitoring network |
METASYS i
6 @-JJ E-link $& §0590058E2005 protocol gps
Panel Unit Workstation
CCN
DataPort
Metasys
Integrator 2oMP 3oMP
Gateway| Gateway
N2 Bus 30 Series 19XL 32MP 32MP
Chiller Chiller Chiller Chiller
Controller | |Controller | |Controller| | Controller

Carrier CCN DataPort Device and Metasys Companion System Integration

Met coMmmz
etasys Vendor Port A or B on the DataPort DataPort
Integrator on Metasys Integrator or DataLINK or DataLINK
DB-9 Female DB-25 Male
Signal | Pi Pi Signal
Vendor Port J mn RS.930 mn J COMM2
AorB RD | 2 - 2 | ™
TD 3 3 RD
GND 5 7 GND
(50 ft maximum)

Port-to-Port Connection and Cable Pinouts
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Table 1. Chiller 028cd:0 vodup(read)8E0p5 Point gp:

eomio0d038,

Network Network Unit Description DataLINK Module
Point Point Reference Point Name
Type Address
Al 1 % Active Demand Limit DEM_LIM
Al 2 DegF Water/Brine Setpoint SP
Al 3 DegF Control Point CTRL_PNT
Al 4 DegF Entering Fluid Temperature EWT
Al 5 DegF Leaving Fluid Temperature LWT
Al 6 min Minutes Left For Start min_left
Al 7 psi A: Discharge Pressure DP_A
Al 8 psi A: Suction Pressure SP_A
Al 9 psi A: A1 Oil Pressure Diff. DOP_A1
Al 10 psi A: A2 Oil Pressure Diff. DOP_A2
Al 11 psi A: A1 Oil Pressure OP_A1
Al 12 psi A: A2 Oil Pressure OP_A2
Al 13 DegF A: Discharge Gas Temperature DISTMP_A
Al 14 DegF A: A1 Motor Temperature TMTR_A1
Al 15 DegF A: A2 Motor Temperature TMTR_A2
Al 16 DegF A: SAT Condensing Temperature TMP_SCTA
Al 17 DegF A: Saturated Suction Temperature TMP_SSTA
Al 18 A: Cooler Level Indicator LEVEL_A
Al 19 psi A: Circuit A Econ Pressure ECNP_A
Al 20 psi B: Discharge Pressure DP_B
Al 21 psi B: Suction Pressure SP B
Al 22 psi B: B1 Oil Pressure Diff. DOP_B1
Al 23 psi B: B2 Oil Pressure Diff. DOP_B2
Al 24 psi B: B1 Oil Pressure OP_B1
Al 25 psi B: B2 Oil Pressure OP_B2
Al 26 DegF B: Discharge Gas Temperature DISTMP_B
Al 27 DegF B: B1 Motor Temperature TMTR_B1
Al 28 DegF B: B2 Motor Temperature TMTR_B2
Al 29 DegF B: SAT Condensing Temperature TMP_SCTB
Al 30 DegF B: Saturated Suction Temperature TMP_SSTB
Al 31 psi B: Cooler Level Indicator LEVEL_B
Al 32 DegF B: Circuit B Econ Pressure ECNP_B
Al 33 DegF Cooler Entering Fluid COOL_EWT
Al 34 DegF Cooler Leaving Fluid COOL_LWT
Al 35 DegF Condenser Entering Fluid COND_EWT
Al 36 DegF Condenser Leaving Fluid COND_LWT
Al 37 DegF Reclaim Entering Fluid HR_EWT
Al 38 DegF Reclaim Leaving Fluid HR_LWT
Al 39 mA 4-20 mA Reset Signal RST_MA
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63200503C Trane chiller 008cd:s& Automated Logic (http://www.automatediogic.com) o3 high
level interface c9620p9 Graphic Function Block (GFB) program 06903 ce5[qoozaopdi

Trane Chiller Interface

Revision Data: April, 2002 Exec. B L.x
Input /Output Point Control
™ START
(NI Remote Start ) . Chiller 5/5 END )
(Av 45.00 ) £HIS Setpoint [AND )
7 i setpo Point jANo )
(Av_16G.60 } oo L Qenand Linit JANO )
- RUN
(B_NE Compressor Sta) TS P Off  BY
» Lomp {Flglg} i-" oy
(EMICU Flow Input ) ' L{0FF_ BY)
e L= TiCW F1
o =+ CHWFL
(EMICHY Flow Input) tIE T o OFF_ BV)
- B
' o = HRESET
(EMIManual Reset I} S OFF_ BY
PHanual ke s+ ARESET
i
(BNIpto Reset Inp) - Off  BY
L-—s T RUto ese
BNT  Comm State 0FF EV)
t-= T: Comm Stat
(ANI_[CHW Temp Leau} m 1 T { .06 RAY)
H enp
{(ANI_[CHY Terp Entel =T 3.00 AV)
@ | e L] | S— T T
(NI JCu Tenp Leavi @:x 1 TR 6.00  AY)
(BNT ﬂCb.I Tenp Entert B.00  AY)
= LGl T T:RET cul Te
ANI |Evsp Refrig P B.00 AY
G |ﬂ| L_.T:Euzp Pres )
(ANT i(ond Refrig P 1 E G.66  AY
|Ml L —=T:Cond Pres )
T —
-Dlschar e Reﬂ @.00 AaY)
@ | L LGl L —T1:Lv6 Comp
ANI |E Ref Tem B.00  Av
(@MT_[Ever Ref Tenp) T )
-I-'NI jCond Ref Tenp} 8.0 Av)
Gl ~ m L —T:Cond Refr
ANI [0il Temperat . 3.00_AV)
"] P01 &M
(ANT | 1% 7001 Temp
(ANI_JO11 Different) @x 1 TR 6.00 AV)
P01 1 =3
J— | event |
= lacraare
: EVENT |
HRESET-{J
M
=t CHHFL- T ]E‘ o .|-| ' COLOR
{ Text ) Text ){ Text ) curL-FOT- - | START- -,_| —
{ Text )( Text )( Text ) RU"--@"-I EY

¢ BACnet Sample GFB-Trane Chiller using BACnet PTP

@-§ Wireless Sensing Systems

Wireless sensing systems s32000¢n sensor ¢ controller
communication)[gé $6§js§oopdn

(o) Many-to-one room temperature sensing

(®) One-to-one room temperature sensing

HlopsogE [Bpd(wireless
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Sensordata
communications

Ethernet

eomio0d038,

Many-to-one wireless
sensingoption

LLL

.......
! = One-to-onewireless
sensingoption
o

N2 @
BAChet Wired sensingoption

@-J? Many-to-one room temperature sensing §§ One-to-one room temperature sensing

@6 Integration pow>

6.0 BAS $& Security System o3 Integrate

BAS Integration
Software

e,
s
|
LAN cabling ‘
Controller IP-camera

Low voltage cabling

BAS devices
QE U9

pown-  0§008:0066LNMBEON0S

opdge:

Security alarm gp:o3 BAS workstation 9323
eof8:  workstation operator saos alarm gps 30300
conglogpdlgln  Boeg3[gEicndesiqp:  GeonEgrPe:
£E20051

BAS workstation operator o0pS oddkeagéi
805cpd[gEs (door-open command) security output
point o0899ad trigger cvdeofg: 02050303
006e56poopdie [gIrpdeu:§aopd

Building network 00690005:3000
:0d{g[gselopE 0nbsole apogedod (installation
costs)aB eagpgS€aopdi HVAC system $& security

system o o3 graphics 2&9adl0gE sa0n00y eedy
8820001 Security system ¢ Alarm gpzaopd BAS o

eeonCgodoep d9903 trigger cpdeus§Eoopdi

§eqSe00505 !ERE  §rodameepad  =acpd

00603E20pd 326l 0§cob:nS(badge) o card reader § [gadodag€ security system 20p5 081 0ol
0dco0fG: 039kgE Gu:0o0N ABe§n0d security system o BAS @893 §imo038s 0§c0di00660705
fesclopE: signal  Go:dodoopdi  BAS 20pd  o330000pd  Sigpiod  sacdeagpodgéeodSs
2005a3&20002098:03 occupied area 22[§6200500507 20056000E0H2N[GOGOLRY 3>eiT!OYS
(comfortable temperature) [g6e3nE  [gopbeozaopdi  :c3§egqi€ air con  ewrE:8Eemné
g¢[g|(enable cpd)eoz00pSi Boscod: [gS$q§ 320305 odskuas oScobinS(badge) o3 card reader
S [ge8050gi€ cped(unoccupied area)wro005005(Gs Siqpsé air con 0303 Sodeozoopd
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@:6.J BAS $& Fire Alarm System o Integrate cpd[ge:
BAS $& Fire Alarm System o} integrate cpO[gS:elopé seeeoncdzadel fire alarm
[8edla0pd =adlogE chillers 1 boilers 1 AHU 1 fan ©20pd equipment gp:ad qdoo§(shut down)

§E2005
32000[4¢ 32680005208 00696l Secxnaopdpvws-

32000[g¢ 20680005208 00deel (§)cobogE B:oonEecmnoyiéioopdendl fire alarm signal
q§[Gs BAS ail integrated floor plan eolog display cpboopdi 8:eanEoopdeacobomem BAS o
6e00Cgodoon(Bgdaopd action qpEIdid  eodlgoodsaopdn  8:8sqp:od HVAC fan gpion
9O000508(g8: erpdkgpizacgl: erodsmygEonodamesnt pressure fan gp:od curicodgts
Security Management System (SMS) ¢oodeol cpgpeelgiagodq§ cubondeagpad odslgp:od

unlock cobc0EgEs 03gdoopS

-End-

Contents
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C-J9 T8 0T =] o 1= L =) U

BrJE BHIAGE 1.ttt
@-J-Q Ethernet SWItCh......eoii
B:J:® ROULEN et
C-J-€ CommUNICAtIONS NEIWOTKS ...
@9 CommUNICALION PrOtOCO......cieiiiiiiees s 11
©-9-0 StaNdard ProtOCOL........civeeeiiiieees i
@-9- BACnet (Building Automation Control Networking) Protocol............cuvmrinineimnisiese
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©-9-G MOUDUS PrOTOCOL ...t
@-9-§ European Installation BUS (EIB) ..........coiuieriniiieini s
@.Q.G Proprietary ProtOCOL......iciiiiiiiie it e e s s e e e e e e e e s e e e e e e e e e e e e r s
@-G Low Level Interfacing and High Level Interfacing..........ccoooveinininninnin 21
@-G-0 Hard Wired Integration or Low Level INterfacing .........ccoovriniiiniininninss
©-G-J High Level INterfacing ..o
©-§) Wireless Sensing SYSIEMS .......ouvieiriniiinie 25
-6 INEEGration DOGD ...vuvuiericiirississ s 26
6.0 BAS $€ Security System 03 Integrate cOO[GCs.....uurumirmmmimiiriiniiins s
6. BAS s Fire Alarm System o Integrate cOO[g8s ..uvurrmririminiinininisic s

@-° BAS Hardware Architecture 3
@-0.0 Centralized BAS 3
@-0. Distributed BAS 4

@ Basic of Network Communication 5
@-J-0 BUS 6
@-J-J Interface 6
@-J-9 Integrated Control System 6
@-J-G Gateway 6
@-J-§ Hubs/Repeater 7
@.J-6 Bridge 7
@-J-Q Ethernet Switch 8
@-J-® Router 8
@-J-¢ Communications Networks 9

@-p Communication Protocol 11
@-9-0 Standard Protocol 12
@-9-J BACnet (Building Automation Control Networking) Protocol 12
@-9-p LonTalk® 17
@-9-G Modbus protocol 18
@-9-§ European Installation Bus (EIB) 20
@-9.6 Proprietary Protocol 20

@-G Low Level Interfacing and High Level Interfacing 21
@-G-o Hard Wired Integration or Low Level Interfacing 21
@-G-J High Level Interfacing 22

@-§ Wireless sensing systems 25

@.6 Integration powd 26
©.6.0 BAS $¢ Security System o3 Integrate cpO[gEs 26
@.6. ) BAS $& Fire Alarm System o Integrate co[gC: 27
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Chapter-10 Alarms and Alarm Processing

Chapter-10 Alarms and Alarm Processing

Alarm  gqps 00cbe0sSE[gEssE alarm gp:od  FeeqoRag€ [Broocd 8o (manage)$EfgEood
Building Automation System (BAS)ell sacodgnsadisé sacegodiads feature 0nd9 [gdoopd saclopE:
qpsgrelopE alarm gp: [g6ed §Ea0pSn Alarm gpzo? Bsonseossacoqps(priority)  3epel: 83260005
eeonCgodayps [gopdes 8d0ondCoopdn Alarm gpiod a0303 osdodoy sasol(level)gps Fom 86
§Ezomelop efficient [gdo0pdn sa[goods dBoggopad(consistent)oopdi

Description

| _ . .

N 0 Alarm 1i7I03 4:01:49 PM UTC Supply Fan Status

& G5 Alam 7o 1703 4:01:49 PM UTC  |SFALARM True

G O Alam To 1/7/03 4:38:45 PM UTC  |SF-8 off Supply Fan Status

% 7 High Alarm o 1/7/03 4:38:55 PM UTC  |RAT BE.0 deg F

§ O BAlam o 1/7/03 4:39:02 PM UTC  |SFALARM True

-’_\ Lt High Alarm o 172003 4:17:20 PM UTC  |MAE 1 1207 % Acute Care LL, 1,2

% % |HighWarming 127 17203 3:22:04 PM UTC  |Local Audit Repository 987100 An unforwarded audit message has |
% 5 HighWaming 127 1J8/03 4:16:02 PM UTC  |Local Audit Repositary (991100 An unforwarded audit message has |
% §  |HighWarming 120 1/7/03 4:38:53 PM UTC  |RAT B1.9degF

% ¢ |HighWaming 120 157103 4:42:42 PMUTC  |RAT 84.0 deg F

% §  |HighWaming 120 17203 4:31:24 PM UTC  |RAT B80.0deg F | Return Air Temp

N §  Normal 200 1/2/03 3:2243 PMUTC  |SF-5 On Supply Fan Status

% ¢ Normal 200 17203 3:22:44 PMUTC  [SFALARM False

$ 00-0 Alarm E&eéT aﬁ% §

-

$ 00- 60058 3680005

.

3290009 ¢ control room

502260832908 (priority) ©20p50303 ewdlgaopd alarm page
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00.0 Alarm 008 [gbed §

Alarm 0069a0p5 DDC controller 32038:§ control logic ¢ 008s0& 000& [gded cwro0Rbi
0065p5:324gE control logic 20p5 control program [gdaopSi Sensor oo vobopcoE0pd 0083: (value)
$C [0302E2005005000200050083:03 §E:0dB: alarm 33908 0050adgs control program oo 8digod
G0200pd1 powd- 2098:32058 (temperature)aood 25°C c00H3 gpzandlon alarm cocdeo:q$ program
006000300001 320000¢) sensor §o0pd oo§8s(value) 20pS 25°C oo Sgp: condlon S F5p0:c0d
eong[o3pdfd: 25°C c00d s00Sypesdlon 0dsresimapds point ¢ alarm oode aoodeusqepd

Alarm cpobe0:8€a00d output device gpzgdoopdn Screen edlog€ eedg(display)gs hand
phone 23 SMS cosd[gEs printer ¢ print 000560igE: 020503 (368205 Alarm 0069 [gbedl 20058
08gCs05 ©0d0&:onEBs (register cpS(Gs) operator unit &893 cusdaopdi [gbedloog) alarm gps
as0dipC 00520050000 agIEd8ECOS(Information)gp:o? alarm database o osdoooy ©odonE:
onEoonqepdl o3 alarm $& 00d200500d 3agIEdICLOdGP:(information) gpo3 remote device gps
[§920p5 mobile phone 1 fax machine 1 printer | PC $& web browser 0303 email a3ewr05 SMS o
3eo:a00
Alarm list § 32§858o00y clear cv5[G:a0pd alarm 1 acknowledge cv&(G:o00d alarm 1 pending
[g9e52005 alarm ©20p50303 qE:culs coepign eedlgaonioopdn Pop-up window 1 audible $& visual
signal alert qpzo? operator a523 deozoopdi
00, ) Alarm so§jsa00sgp:
Alarm qpzo3 BACnet standard 326 sa§jgea0: 23:§je 3[ep:$Eo0pd
(0) Simple Alarm - User 930005 operator ¢ 0pS200d 6800Egadeady cvdeanntes ocd=ddl
320360:§1000 92001
(J) Basic Alarm - User 9300705 operator ¢ acknowledge codq§ c332600p51 sa6qE03:0005 alarm
[gdeomelopé B alarm [gdeselopE: acknowledge cpbe$ cBaopdi Acknowledge cpSo0pd
aB00p5en alarm [gbeseloypE: operator oo B[Gur wH3d05gE: [gBaopd
(p) Extended Alarm - User a30005 operator ¢ acknowledge codes $& reset codgs c3sa60005
:eqeokoopd alarm [gbcomelopé oodgp: $& process gpzod Bod(shutdown) co2:8&a0a5n
005qp2 [gS$ewntiq$ $E process gp: [g§0q$e20305 reset apdqs 8600001

Alarm gp:03 6820053013203E: Jfgr:sEilaodi
(o) Digital Alarm - Contact point 069 open 9360305 close 63 assign co52051
powd- Air Handling Unit & blower eo50m trip point ¢ digital alarm [g6edc3805i

(J) Analogue Alarm - coo5§oo§3:(current value)oopS high a3ewpod low alarm limit &
2:[q€00503 Gepadaopdaed analogue alarm [g6edl conc86epdi
powd- 3208:320§8 (temperature)o’ 25°C cood (§)8sdfogpesat JgEesclon analogue
alarm ESGJ (\Séeén
(p) Status Alarm - Contact & status 2090 GgPcEaonio0pd on§8:(expected value) 3203E:
o[g630q€ initiate cpSqS
powd- device 2d920p5 control signal o comE:gn ohlgSe(response) apE8Ea0p53a4l
status alarm [96cdl c86wpd
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() Totalizer Alarm - Variable 006961 9ocdlC:00§3:(accumulated value)aopS high limit oedana?
coPog§oopdeedl initiate cod$
PO GedONmdY: ad:Foopd gd:matoopd cvod 1500 kWh coodeoqbegSdl totalizer
alarm (g8 88051

(§) Hours Run Alarm - 00650069961 cenl:qj8s08§adiCs(total hours run)oopd 2005005000009 set

limit 03 cogPogsogrzoopdeedl initiate oSS o [gdaopdi
pow- chiller 0odadel cenle§s §0§edIE:(total hours run) (ogooo)eoqpdon saldon:
[glg€q (major overhaul) [giopSq§ hours run alarm [g6edl c8&epS

Alarm oo&9a0p5 controller 32038 control logic ¢ 0690& 00oE[gded] confBiesnod operation
level processor adeepod§ agn:aopdi Operation level processor 205 controller ¢ alarm 008903 cVa5d
q§[Ge5005 e32005d] alarm processing coScsgpiod 00oE GeorEgEda0dN

(0) Alarm point 2005 coa5% q§oopd processor 330305 cusd[gEs VIS LLPOS EBE:DI

() Server $& oofgr:000 LAN processor qpsaBa re-broadcast cpboopdi

() Alarm 2005 59§ o0pd processor 320305(gdagE 0B alarm o3 qiodEs eudlg(display)aogSi
() Alarm printer s893 print 00058 output alarm message 33[gd Gozoopdi

(§) ©pdoopd alarm point [gdelo3pE: saogep(text)yé cwdlgoopd
6) es@(date)/ soqS(time) cloEoopdu
(Q) Action cp6gs 82262005 alarm vpodewpod odesosoopdi ceontgodosp 0oddmdep § of
06680300001
() Graphic edlog€ alarm [gdeselompEs eudlgaopd
powed- alarm [gbeso0pd point 20p5 =a8eepe [gdes000bi Acknowledged ecpdgeooigé o3
alarm  20p5 8050p058050p05(gb(blinking)  [g6e5380pdn Acknowledge cp&aopbeda005en operator
o a3 alarm [gbedleselogpEs 98a0p50r CLa5dA8nd[gE:d sBadoopdi Alarm gps 038:e0p0: conx00pd
historical file o€ ©oSon8:00&(record)aopdi Historical alarm gp:od e§08dFES [gSobesoqs
83260005
BAS o86wpod BMS system 00692000 ogp&03Es§ 1/0 point 00&3:(reading)qpsod program
005002200p) 00§8s(value)qpss $E:0d[G: warning 98ewrdd alarm gp:ad coodeuiesoopdi o alarm
qp203 [03054) operator qpoopd [Goooso [gbedl 650005 esepad saer0iem 0gBn58Ea5N
$sjS(occupied  hours)zaozfs  AHU  Guoliesod  3205:30§80p5  25.5°C 000

coaPg&don alarm cocbeoqepd [§66a05c0pS: AHU ewenlioesaopd 32§85 soedimnpg§aopd
0p5q0€ [gddleo alarm cpodeoiqs ecdsrucol

326800052080069 32038:3 system gpu equipment gpa Gsepapign §eomelopE alarm
megpodmlgrr 008[GEs05 edogadb§Eoopdi Belo3pé o3 alarm gp:ad Bionseo: 3508qpdgé e
2005905(8 codlgevsq$ c3aopdi Fire alarm o3 security alarm coob 3¢) B:onscos 03E0z05 qudi
Security alarm o3 mechanical alarm gp: 0005 3¢ Bsonco: clggliqepdn BBoneo: 32908
(priority)gpzod [0300¢) alarm $69 08Es0d [gdedlon ©pbaopd alarm o Bionco: eudlg
20820503 BAS system oo [03j02€ 2Baonzg$ c3aog
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Analog point qps3 alarm limit 35[g€ warning limit copS:§oopdn o3 warning message qps
oBcopds alarm qpso3adod alarm printer § print cpO[8s operator workstation § hard disk 3203E:3 file
|96 238se0p5s000:q0201

Message 5 cs8(date) sa§§(time) $¢ point name ©20p503 Alqepdi o alarm o3 operator
00660056005 acknowledge cpddlon o3 operator §06p5 $& alarm o} event sofgd B&e0pSe
qopdi esg(date) 1 3a§§(time) 1 point name $& operator §00pd 0303 operator workstation gps3
038:e0p5s consqEpdi 06 alarm point 2005 Ge&sac[geacs(normal status)od cepodagrsaopd 324l event
H[gd 20050053 csg(date) s§S(time) $& point name 0303 a36:000:q0001 Output 006903
operator 0066uM56LM05e override apdaopdsadl esg(date) sa§S(time) 1 point name $& override

0052005 operator §00p5 0303 2B6:e0p5: conzqEEdI

High Differential © Normal to
Alalgm l ................. High Warning

Limit T

High lDifferentiaI 2) High Warning
Warr!ing ........................ to High Alarm

Limit T

Normalband © High Alarm to

Setpoint 4 High Warning
lDifferentiaI O High Warning
Low!} - Y N tO Normal
Warning T
Limit
© Normal to
Low Warning
lDifferentiaI
LOW |- e Y 6 LOW Warning
Alarm
Limit T to Normal

time

& 00-p Analogue alarm $& 2005382005 00§ 3sqps
20.p Alarm Management
20.9.0 Analog Alarm Point
Analog point 02892005 6320053l sae[gaees (state) (§)932505¢ 00699 [§6e5$8Ea00N
(0) High Alarm sacgeacs(state) [00660009 680rEgodes cBaod seefgzacs]
(J) High Warning sac[geacs (state) [200300: 6onglo3pdqepd saefgzacs]
(p) Normal soelgmecs(state) [OoSmocfgzacs]
(G) Low Warning saegsacs (state) [c00300m: conélogodeepd soefgsacs]
(§) Low Alarm 3269365 (state) [006$00E9 caonlgodqs cBo0pd Faegzacs]

Analog point ¢ soc[gaecs(state) ood9e oofgs state 006933 saegps(transition)ogé
event 0269 [gdedconoopbi Alarm a3ewrod warning saefgsses(state) 00893 differential amount
0o§qoopdn & differential amount cogdeon state algp:aopbi Differential amount wcod:§dlon
oon 32038: alarm (968051 warning (g6 c805s& 33[036e0IEqpign [gBesa8Gepd
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Alarm limit gpzoB 320005805505 $E GonimagePed cd§ess(safety) 2Bewrod comfort 02025
criteria gps 3260[ 03¢ 326[gde) 200500500001 Facility manager gp:aopS analog input point gpsei alarm
Q2 399500508 B260gIE [gSc0pd 0dee0s00E00I

Warning limit qpso3 [968Ea[g§oopd(eqprodam:annd) 0o&Bsqp: saedogE woopde) c00dedd
20§20001 powd- BAS System 0095 32058 (temperature)od setpoint ¢l £20C so038:3 qesant control
c06qepbadag€ normal band o} 4°C (+2°C $& -2°C) 2005005 Gusqepdi od normal band 4°C o3
:6[gde) warning limit 03 aoodecdeosqepdi Warning limit gpsod DDC controller 330385 Clo€es0000
point gps 320305000 23:qepdi Control loop ¢ o) [gocosa(problem) [gdesdlon operator 0da8 warning
limit [g¢ cooB3eozeepdn Facility manager gp:oopd warning limit qp:od sadlsaieaqgr 06680:00&2001

Current Value

L High Alarm Limit —
| Low Alarm Limit | =] Alarm
[ Sepont ____]—> Limit
| Normalband | =] Analysis
[ Differential__|=——> 7

I Warning Delay Min. —le .
Status

| Warning Delay Active | == lh bl Delay

¥

|_Report Type Normal | ===
| Report Type Warning |=——3
—_ Change
| Report Type Override |=—— of
— State
—»| Reporting
[ Reports Locked  |—
[AutoDial-Out =]

¢ 00-G Analog alarm management

32000500 (00-G)20p5 analogue data object 0o695$E analogue input object 0od9o3ei alarm
management function o3 ee5lgaon:oopd diagram [g6oopdi
oofgpeeomn event :a§jpEpoigpied
(o0) Operator 06600560050 override apboozoopd point qps

(9) Controller 1 PC 02005 hardware qps off line [gbognsoopdeasl a3wwpdd  Off line [gdesepe
Online [g§ [g&conaopdaasl

(0) Operator qps Log on/Log off cp60pdza8all 2Bewrod point 0289903 command Gozoopd 324l
(00) Totalization limit [gobogasaopdedl i (powd- run hour $5§ (0000) [goboopdsedl)
(c) Energy management feature qpsg®aopd demand limiting/load rolling 0200503 codeo:$

0[968Ee02p20p538] o3[gbaopd

Alarm limit analysis 2005 software process co&9[gba0p51 coo5§on&ds(current value) $&
[0302E 2005005 000:00050088s(user defined value)od &E:apd[g:0005 alarm limit analysis cod[gEs
[gdoopdn Status 03 200500560:q8320305 alarm limit analysis co5[gEs [gd20pdu

(0) Normal sac[gsacs(state) — c0o5§oo$3:(current value)oopS Normal operating range
2038:038 [gdoopd
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(J) High or low warning ssc[gsacs(state) — coo5§oo$3z(current value)oopd Normal Operating
range & 32[gEon0503E §e5(8s 1 alarm limit 220385 §eso0pd
(o) High or low alarm scefgzacs(state) — cood§oosds(current value)oopd alarm  limit
2[g€0055 §eso0pd

File Edit “iew Mindow Help
MEEIEEEEE

Receit 3 High
AlarmGroup Type S:::’:L:lse Enable F:?io Repetition

1 Fire Alarms - & Office Printer I3 x> —_—

2 HighPrio —_ =] Gaftaney I - _—

3 HighPrio — am Fax Office I3 - _

4 Mairtenance L. EEH hgintenance Group & X I _—

2 Mairtenance v FEH Maintenance Group O = r _—

B higintenance v EEH higintenance Group F I3 - —_—

7 hizirtenance v EEH Mairtenance Group G I Il _—

g Mzintenance L

AlarmB2:2

E Mairtenance L i !E m

a4
Mon m
Te
wed | T
Thu m
Fi T sy B
s I e—
an I e—

omoo 0300 0g:00 [eon 1200 1500 1500 z1.00 24:00
[Auta (bon 1812 - Man 07001

Feady [ [NUM v
¢ 00-§) Alarm page

High Alarm Limit
Analogue point ood9el coo5§oosds(current value)oopd high alarm limit o3 eepodagié
GaodcopdieomEs  high alarm limit coodeoqpagé eoodcopdieomE: high alarm state
a3eepodognselops report cpdeosoopdI

Low Alarm Limit
Analogue point 006961 coo5§onsds(current value)aopd low alarm limit 98 eepodagé
Goodcopdieomts low alarm limit co0dpd:0qi€ 6a05c0pdieomE: low alarm state o8
eepadogasaloyps report coodewsaogdi

Setpoint
Setpoint 2005 normal operating range &l sacooSesep(center point) axis [g&oopSn

Normal band
Normal band 20p5 coo5§oo&ds(current value) e normal band operating range i
width(320305) [g&20p51 Normal band &1 300050050005 setpoint [g620p51 Normal band

o3 high $& low warning limit 03 0305079830305 32034{g[00R51
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Differential

Differential 20p5 limit coosjpaaoz05 “Buffer Zone” [gdoopdn cood§oosds(current value)
2005 limit 00699l 328:5 000503051 s0E:dad(oscillation) [gdesdlon alarm s& warning
qp:od 3[36[030  coodueuieoqSaaogod  differential  vedanad  cod:§gls  [gbo0Rd:
Differential 00$8:006903 high alarm 1 low alarm 1 high warning $¢& low warning coospads
20305 F20digjoopdi cood§on§ds(current value)ood differential zone o699 3209E:3
00opdeB6(fluctuation) [gbesdlon saclgzees efgpEiagnicd[gls(change of state) olgdeodl
005§ 0083:(current value) 20p5 limit 006903 cogpagodlon report o505 65005000
report 0069 c0000adgE 320305 limit ¢ differential 03 0066 [godSeoapas 83252001

Warning delay function o3 222%dqq] warning 0oode0igE:od 32§8e5002:8E20001 oBead
alarm o3 :§§ o3conq$(delay)cpdqs ©[gd8EA Warning delay o3 3203dge[a:w> setpoint
e[peigtialoé [goedl cnepd warning gp:od cdepigsecgnd [gdaopdi

Warning delay(min) 205 warning 009 eaoodeose coneepdaeq$(856) [gdo0pdn 0 ¢ 225
8563208 co2:8Co0pSi Warning delay active 20pS warning delay function oo active [gdaogdi

o[gd20p503 eudlgesopd
Object 0od9a status [g9oopd alarm 1 warning 1 normal $& override ©20p503 00690

00933 e[gprogoopdst dgCsad saalgmacs clgpC:adognigls(change of state) report o3
onfep: device gpio 006e0¢ report apde§ cudseloypEs(routing) 2038 deosqepdi

;efgmees e[gpl:dagodgts(change of state) reporting 03¢ do8aopd sagiod(attribute) gpieo

(0) Report type normal - oofgpicomn 36[gee50009(state)ondge OoSzac[gsacs(normal state)
a3e[p&aqC seefgsacs elgpEiadognielopE:(change of state) report coodeoq$ (9200

(J) Report type warning - oofgp:eoon state ood99e  high warning o8ewrod low warning o8
elgpEeogaiaq€ meefgmacs elgpliadagnielogpCs(change of state) report coodeo:gS [§62025H

() Report type alarm - Alarm oodglgbedl o€ report coodeoq (8205

() Report type override - s320p5¢> object 00895 cood§ons3s(current value)o operator o> 00$3:
599[sE override command o3 saaddg) override &g caodropSieomE: Bewrod override
0600016000 00§8:08 cancel cvSgE GocSrRbieomE: 3ac[geacs clgpEicd agnielopE:s (change
of state) report coodeo:gs [gdoopdi

() Warning message a320p5¢0 high warning o300p05  low warning 6dlconagq€ user oo 2005905
(define)oonsoopd number 9800705 text o3 critical warning report & display dialog box o3&

eedfgeo:qS (96205

() Alarm message s300p0en object b9 oBewrcd point ood9a0Rd alarm  soelgEeesd
Gep0>20p538] 6ud[gada0pd message [§6o0p5

(Q) Report locked  sac[gzacse(gpEadagnigSs(change of state) report o3 operator device gpzadad

Beoiopdi 060:depda? 88cdaopdi Report o3 lock cpbooniag€ lock report 2Bwwpcd Report o3
unlock co6c8agi€ unlocked report command o3 a%:98 [gd20p5
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() Auto dial out - Critical report (critical 1 ¢ critical 4 ) [§gi€ remote operator workstation s8o3
03e0gpo’ Auto Dail-out o6 [g20251

00.9. J Binary Data Object and Binary Input Object (BI) Alarm

| Current Value |

!

[ Nomal sae __1—>{Alarm Analysis[—_Sa= ]

!

| Alarm Delay (sec.) |=—
: Alarm Delay
|_Alarm Delay Active | ==

[ tatching Point _|]—>{L atch Functionl

Report Type Normal | me—p»| ‘
Report Type Alarm | =31 Change

Report Type Override | == of
Alarm Message # | m—— State

Reports Locked | == Reporting
Auto Dial-Out | |

& 005 Binary alarm management
32000533(00-6)0pE binary data object $& binary input object o3ei alarm management
function o3 ee5lgaonzaogdi

Alarm analysis &32005¢o Analog Input(AI) object $& Binary Input(BI) object o3ei
00580088 (current value)sé user o c00decd(define)aon:a0pd normal state qp:od &E:0052005
software process [g&20p5

Alarm state 320p5¢> cLA5§ooS3:(current status) 20pS user o> 2005005 (defined)oo:2005
normal state $Ee0305033 Normal state 8300p5¢n cL5§ooE3:(current status)aopS Gos socfgzaesd
§oopdi cond§onsBs(current value)oopd user o> 2005005 (defined) conzaopd normal state $& 30508
aopdi Attribute gpsw> None 1 On 1 Off o3 [gBoopSi Current contact value o3 operator device s823
report apdopd[gdeoodcopSs alarm analysis [ga88epd curddeon

Alarm delay function 20p5 binary data object & alarm report cpO[gE:a? user oo 2005005
00210000 Zoq$30038: m§Sedcos(delay) 0022c86epS (96200 Bad [grpdefgte qpdSgudeqioden
nuisance report gp: 000560 gE:03 oaRWd 0edigS3e0305 [gbaopdi Software ¢ alarm saclgzacs
elgpEscdogngts(change of state) report coodeusgs sa§§edconi(delay) c86wodi Delay cp&8E2005
DS 00k ¢ 255 0gr&303E: (96205

Latching 205 optional function [§620o51 Object 00692005 alarm state 98 eepod[Giesnod
operator ¢ unlatch capdaopdodesmE alarm state S §escd8opdn Latching pSeo0pd
§P5gudqeden operator © GaongodgEd(action)ond99n’ clgdess qpbeemnenig$saoznd [gdoopd
Operator eooegfs 98e0r05 operator ¢ unlatch ecodo[ge: alarm state 5000 §e5c3865i Unlatch

c05[gE200p5 acknowledge cpS[gE: [gBaopdn
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Alarm system variable qpz00p5 [30o€ 2005¢0500200p500882(predetermined limit) qpsood
eogPog§eselops operator qpso? alarm gpig¢ 20036000001 83260000 GacnCgodeyp: [gIrRoes
a003eoggs [gdaopdi  pown- air filter 20pd podeo Bodades§ [gdeomelope ceoelopes B=d
6$20p51 005000961 run time 20pd 2005¢05000:2000 §9§000d eoyPagSesfy [gdeomelePpE gy
038:0862¢(maintenance) [gopdq$ a33260005 0a0p) c00360gtad): (B0

Alarm 006903 050333 eedlgepdi epboopdeenEgodads [gpdes 8262005 0205 oed
design  [gepdodmod  copbaglioonsanaopdi  3ad(gpSoopb(audible)  S:cuCsoopd(visual) alarm
enunciator gp:saopds a3¢) 304g§E0p5

Alarm gpzod 050393 03Eagudqepdad eddqodes alarm gpiod B:onscoieasol(priority
grade) gps F[gp:con:008o0p5 Alarm gpod aqdag)| egagdll omg| olgiepdad alarm gpo?d cancel

005208l big 0o’ acknowledge 6cr60EM

20.G Analog Input Alarm powdqp:

(0) Duct static pressure point 009903 05393 alarm limit 1 differential o0§8sqp: cos§eepdo?
poem[yd eedlgaonzoopd
() Setpoint(inch wg)ooo5 0.3 inch gpegts Boopod 0.3 inch $054gE: (6)8sbemP [opesand
[g6e53l0o priority 3 alarm cpodeoqs

(9)  Setpoint(inch wg)ooo5 0.2 inch qpsgs a3ewpad 0.2 inch $054g8: (§)856e03Pd [gdesilon
normal state elgp&icoq

(0)  Fan 2005 3208000005 cuntiesBies005(ON) 38§ 3a505:c0djogpean alarm coodeoq
(20) Fan qdgns000:§§0RE ©pdaopd duct static pressure alarm o3g cooSec0iqs
(J) Duct air temperature o3 ©pSo3a3 alarm limit 1 differential 0o§3:qps coneepdo’ powd

[gbeed[goonzaopd

(o) Setpoint (°F)co0d 2°F qpigls Buopod 20F $004gE: (§)8s0c0q5dlon priority 3 alarm
Cele STRENY

(9) Setpoint (°F)oood 19F gps a3eopcd  19F $054g€: (§)3s6eoqpdon normal State o3
e[peieoqs

(0) Fan eent{G: ma§§sasodicodopeom alarm coodeoigs [gdoopdi 2005005 conzo0pd alarm
parameter qpso? 32qS325p5:c05[03pwodd sensor gpicn eSmSE vodupdeomelopt :§S
32500:005 6onqs 32600001 Fan qdsnioon: §E03€ 6pdoopd alarm odg) coodecuiqs

() Space temperature 2300po5 room temperature

() $oS3igC 083088 (space temperature) 98000 room temperature gpse alarm
a00d60:q§ ecdsadeor

() Duct 9300705 space humidity o3 6pSc3a3 alarm limit 1 differential 0o§3:qps con:eepdod powd
g6 eedlgoonzoopd
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() Setpoint 2opS 60% RH [gdaopdi Setpoint cocd 15 % qpigts Bewpod 20% 545
(§)356e03p [gdesdlon priority 3 alarm cocdeoqf [gdoopS

(9) Setpoint 2005 60% RH ¢ +10% 00050548 -15% coodgqpsdlon (§)3580paqé dos
69365 (normal state)ad elgpl:q$

20.§) Digital Input Alarm powdoqp:

Digital Input (DI) alarm qpseo air flow switch 1 water differential switch 0a0p503¢ cd20pd
Digital Input (DI) point gpsfgdoopdn Alarm gp:od soq§ecnaloons(gts (delay)gé nuisance alarm (false
alarm)gp: cooSeoggEse 0maR008E2000

Digital Input(DI)el value 2005 =qS305p0:c0d [op[Ge(delay [9B[Gr)esn05 Digital
Output(DO) & value $& 0030582000354l point 20pd alarm condition [§&e$c866pdn pows> DDC
controller © motor o3ewn&:q§ DO output o3 on state 00o5G: 25§ 3a55:c0Slogpapd 03Eeznt
6650200005 “on” a3ewpad “running” status [gdeesdlon alarm condition [g620p5n 3200004 Digital
input & value 20p5 sx§SeasobicaSlopfGiesood Digital output o value $& opesagé
doSane[gesacs(normal)  [g§eeprdaopd vpedaogd

030393 Digital Input (DI) $¢& Digital Output (DO) c3econ:000d(pair ecpboo:a0pd) Digital
Input (DI) $¢ Digital Output(DO) qpzaopS monitoring 8203650020051

(o) Safety alarm qp: (high static cut out | freeze condition 1 excessive vibration 1 high humidity cut

out $& VSD fault 020503320305 [g620251)
() Boyadeoon digital input gpi3e0305 delay ©oco:a3 godqE: alarm aoodeosgepdi

(9) dBoyadeomn digital input qpod priority 3 alarm cpodeod@: screen § “Alarm” 839
eed[g(display)aozeepdi

(0) o3 safety alarm qps deactivated [g9ogi€ (00s5:8m0dsC dwSsac[geacs normal sacfgsscs
a3eepadagnagC) screen § “Normal” op cwdg(display) qepdi

Alarm gpzel Bsonzeozzasnd (priority)od c8ode) sasolqp: F[gpiconzaopdi

Priority 2 qp:oop_s chiller trip alarm, chilled water pump trip alarm
(critical alarm) -...000003 952001
Priority 3 qpP:0opS mechanical equipment gpssa:ads alarm qpsgda00i

(mechanical critical alarm)

Priority 4 (mechanical alarm) | 005 dirty filter alarm $& non critical alarm qpsg®aopSn

00.6 Nuisance Alarm 93eupad False Alarm

Owner 930005 operator 03¢ nuisance alarm 230005 false alarm 33(gd 2005005 coneom
alarm [g6o0pSi Alarm 00d9[gbedl[Gieg005 control system 2005 63305303 25050 FIG0Y
Go0dcopSieoms 32§),03 GaddaopdieamE: [gapd8Eaob

(o) Screen display of message
(y) Printer output
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(p) Log to hard disk

(g) Callout to fax machine terminal

(9) Callout to a digital pager

(6) Take a specific action. ( Hand phone 23 SMS 3eofgEs)

Phone
¢ E‘ SMS
v &

Y
Pager [[iiiife)

S '
l@’E-mall
- [
iPhone =55

\\-:‘;/'/ % Intercom

Workstation

|
Radio E I‘
| J, Evacuation
=

Fax
$ 00-6 Building Automation System 0o89¢ alarm apo560:8E2005 c3§uangps(devices)

Point qpse [gdedl 82005 alarm event gps
() Alarm input
(J) Unmatched command (Failure of start/stop of start/stop points, status unmatched)
(G) Analog high/low limit alarm
(§) Sensor error
() Trouble
(Q) Totalized value increase error

(®) Control alarm (Power demand target value exceeded, etc.)

Control system 02896 [96e0l§Ea005 alarm event gp:
(0) Component alarm (bus trouble, line status, error, remote unit no response)

(J) Power demand alarm, power failure alarm, fire alarm
-End-
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Alarm Processing

2oleslopp)

00.0 AlArM ©00E (OGNS w.uuvuuiiiiciiriictint s 2

00, J AlArM SOGEBIODIGE cvvvveerusiiirtnsiss s s 2

00.9 Alarm Management.. ..o 4
00.9.0 Analog Alarm POINE. ... s s s
00.9. J Binary Data Object and Binary Input Object (BI) Alarm ..o,

00.G Analog INput Alarm DOGOGE .c.vireurriisrer s 9

00.§) Digital Input Alarm DOGIGE . ...vvreierrisrer s 10

00.6 Nuisance Alarm 9300705 False AlaMM.........ccueiuririninssssssis s, 10

00.0 Alarm 00o€ [gdedld 2
00. J Alarm sa§jssoonsqp 2
20.p Alarm Management 4
20.9.0 Analog Alarm Point 4
00.9. J Binary Data Object and Binary Input Object(BI) Alarm 8
00.G Analog Input Alarm powdgp: 9
20.§) Digital Input Alarm powdgp: 10
00.6 Nuisance Alarm a300705 False Alarm 10
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Chapter-11 BAS Software
ozeesi0decponiesnod
()  BAS software structure $& BAS software hierarchy o3 snscopSoocomedlodeoqs
(9)  Database 0opSee0o055p5:(development) 32§03 so:c0pSoneomadladeoqs
(0)  DDC text based 1 graphical programming $& DDE ooomodeps(concept) §0:c0pd
20606A0560$

090.0 BAS Software Structure

BAS $00:0pm038  3a§jedjgeoon  software architecture gp: Odsa§§idgs  §§Eo0pd
RS[ge755:0p003 326[gde) oopdesoindooopd BAS network gpiogE Workstation PC
communication unit 1 DDC ©20p503 ecgeeay dloCo3o0pbi BAS software architecture 0od9ope
6320053 software gp: dlo€o300p5

(o) Operating System(OS) software

(J) Utility software $&

() Application software o3 (&5
Software o:§js(three classes) 22[$32008 ©005a305002:003 O(00-0)0z¢ GwSgoozaopd

[ Utility software J [ Application software J

| Operating system software ]

]
/

CONTROLLER HARDWARE

<
DI, DO, AL AO

Q 00-0 Hierarchy of BAS software structure
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0.0.0 Operating System (Lowest Level)

Operating system software 20p5 memory location 8de§3c0sgCs §od5c0pdo0pd ercds(text)qp:od
co0ddeugl:s ©o0pd hardware-specific function g3 eeonCgodeusoopdi op§giomnodEont
Operating System(0S) software 325p5:00:006§z §g§ B22600p51 Windows 951 Windows NT
Windows XP 1 Windows 7 ©20p5032005 Operating System(0S) software qpslg6o300051

02.0. J Utility Software

DDC 300p8:§ software gp:aopd sacdeagpad ss00delgod run eglogoopdn oBeodd
35,600 operation qpoopd 0068londeaon operator 6l §€:0ge330503¢E (run)q§ G605
330393 0068londgean run g§ cB=ab20pd software o3 “Utilities Software” vpesl 2051

Communications functions 1 database management functions |1 operator-machine interface
functions a3w0pod specific control algorithms 020p9 cpbesqp:ad utility software oo 6eoaEQod
Gozo0pdi Application program gp:e utility software modules o3 sl ¢j("called") 00699 cpbeoig$

8E:608E20001

09.0.9 Application Program Software (Highest Level)
Application software qpzoopd BAS @i 28mncpSefs(main  function)gp:o? ceonlgod

G0220p9 program gp: [gd[o30005
328n0p6css(main functions)gqps 205056 32§),09 e8200503EEE5(gooza0pdN

(o) Data acquisition () Control
(J) Metering (§) Energy management <§§
() Monitoring (6) Operator-machine interface applications o3[gaopS

Application program qpsoopd database qpis 30[g$3200§ 06e0056520051 BAS system
g€ 0069005 3gpro0pd database gp: §8E2000n Database g0 controlled plant $& codeeont
qopd specific function o3¢l sagi053ac005qPiedl 03¢ woopde) 05b00y 328z0d0DMERSEEd

ooo:ooéu

Communication network 32038:q] 8a§je§jgeoon controller qpsi communication node qpsi
0000003 20g053000dgP: 0CvuSeSeRed  protocol opo8eS 832600001 BAS  application
programme s>§ede §§$Ea0p5n Application program gp:ei capability $C effectiveness 2005
control task sa§jg3200: $& DDC network @i architecture 3363 0g€eo0p500051
Typical BAS Application Software
Start/Stop Control

(on) Energy Management applications

(o) Start/Stop Control
(J) Duty Cycling

() Load shedding

(G) Temperature setback
(§) Enthalpy control
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() VAV control

(Q) Optimal start/stop

(o) Chiller and condenser optimization
(®) Energy Management applications

(o) chilled water(cooling)

() -electricity

(p) Gas

(g) Water

(§) fuel consumption(e.g. for standby generators)

(6) advance warning and action required for maintenance service
(o) Facilities Management

(o) Fire detection, alarm and prevention

(J) Access control and security

(p) Intelligent Building applications

(g) Operation and maintenance management (e.g. work order generation,
maintenance procedures, management information)

(§) Maintenance Scheduling, Inventory Control, Logistics

(©) Office automation
(q) Facility booking s
:§ppeo0> application program gps 0od§§0005:03E 320p run §Ea05
09, J BAS Software Design Concept

09. J.0 DDC Software

DDC software qpsoopd DDC =202 6pSa303eam a3odg0dg [girpdepd opbadesomnignd
qopda3a00d R&lorsgedgpa(set of instructions)s¢ cpdeSiopgp(procedures) 8deoepSi DDC
software o3 DDC & Random Access Memory (RAM) cdlogE a38:e0p5s00:600§ 00051

83260009324 operator ¢ [§Esol[gla a[gpE:cd[gE: 020p503 [gjrpd§Eaopdi

09. J. ) DDC Firmware

Firmware qp:oopd ©05§e  copdeuscdodo0pd  (factory-embedded) DDC  software
instruction qpslgd20p51 DDC Read-Only Memory (ROM) el o3¢ saeoo(permanently)eqgoonzoopdi
System user ¢ [g€eoCe[pE:cd[gés [grpdgs o Firmware programme odogE DDC program
module gpsgdaopd on/off control 1 PID control 1 scheduling 0200503 Glo€2000u

9. J.9 DDC Database

DDC database ood9a3€ physical data point gps3an:cds 6l 3agj053c005gp: dlo&aopd
DDC configuration cpSodsaogt: database c30opbesonodfd: DDC memory (RAM) edlogé
036:0005:000200051
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DDC database &l property qpsed
(0)  RAM edlopt 9B6se0p5:000:0005 DDC database o3 [gE€e0E§E0p5 god(delete)§EoopS
F[gp: memory device 8823 ag c[gpCs(move) §E2005
(J) DDC database object qpza0p5 input/output sa§jpeeon:sEaondadaopd esomygps(type
of data) 1 control programs 1 variable 00§3sqp: $& constant 00§8sqp: 0200503 [gdaopdi
0. J.G DDC Database Configuration
DDC database configure [gcod[gE:opE operational data $& data point gp:ei 329105
:20005gp: DDC memory edlogé a38:e0p5iqf 0sdoooy) [gEeolge: Clo€aopbi BAS application
programs gp: executie cpdq§ea005 database qps (332500001 Database 2005 workstation PC §
copdieomEs Fa[gpiean central network communication unit gps§ copSseomes §8Ea00i

DDC Software Modules
DDC software op& DDC il memory (ROM) edlop€ §eso0pd internal module gpzgo
Clo€o05i Software module gpsod graphical $p5: 93w0pdb text based $p5:(method)g¢ configure
c968E2001
DDC software modules 3a§s§j:03 codlgoonsaopd
(o) Control modules ( e.g., on/off, PID)
(y) Arithmetic modules (e.g. averaging, summing, totalization)
(p) Programmable logic modules (PLC)
(G) Interlock modules , etc (e.g., EF with EF OUT)

00.p DDC Software Programming
6e0nCgodcdaopd control cpSekiqpsad  program eege] DDC & memory 3203893
copdoon: (download) GozqooRdi
$05:506§HsC program eep8a05i
(o) Text-based programming language
(o) Program qpzaopb DDC 8202 050393 cpdesoCeepd 22820503 ps[ogrsoopd
() sp00:gi8:0q€0pgp:000 Program eee§Eaopdi
(J) Graphical programming language(similar to that used for data base configuration)
(o) Program gpza0pS DDC 320t 0p50393 cvbee0nteepda? psoapoopdi
(9) Program Gqgoon:onadqs caooyCepogt agudopaopdi
(0) =20d3g[opgps 0guday sasolelgaopdi (user-friendly)

09.9.0 Text-based programming
Translator

Text based programming language og& input text file cﬁ pseudo code or?eéT:Dé
compressed cpbaon:a0pd binary file 33(gda3 elgpE:ada0pb Compression coSooneamaeopé
DDC memory el o3¢ esepsaspdicaSoomunaopdi Control program 22038 execute apdg$320305
DDC operating system ¢ pseudo code & 33820503 g&adeaop5i
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Object
code
Compile
Source Download source code Direct
code > digital
controller
Translate
Pseudo
code

& 00-j Text based programming language 026961 powd
Compiler
Compiler 2005 input text file o3 machine instruction qps3algda3 elgpCseosaopdi
Compile coSoon:00pd  machine instruction qpzo3 DDC(microprocessor) 2000 §2:c0p58E(3s
control coSeeqpeeonEgrdeuzoogdi
010 A= (TEMP;AI)- (PID;SP)
020 IF A<5 THEN 30 ELSE 80
030 IF A<-5 THEN 40 ELSE 80
040 (PID;PI)=0
050 (PID;PE)=0
060 (PID;RP)=(PID;DP)
070  GOTO 20
080  B=A* (PID;DP) /100
090 IF(PID;DP)>=100 THEN 120 ELSE 100
100 IF(PID;DP)<=0 THEN 120 ELSE 100
110 (PID;PI)=A+(PID;PE)/2* (PID;IC)+ (PID;P1l)
120  C=(PID;P1)/100
130 (PIC;PE)=A
140 A= (PIC;RP)+B+C
150 IF A>=0 THEN 170 ELSE 160
160  A=0
170 IF A<=100 THEN 190 ELSE 180
180  A=100
190  IF(SAFETY;BV)==1 THEN 200 ELSE 210
200 A=0
210 (PID;DP)=A
220  SWAIT 1
230 GOTO 10

q) 00-p Text-based programming

Text-based programming 0296l powd
DDC program gp:03 6§:000G:e5005 translate cpS[gés compile cpd[gts 0200503 o3gyp:
680005g05[G:e5005 DDC 3203€ memory 6dl 23 download cpSoopde0pS

Text-based method &l s20:000g/05gP:e
(0) Parameter qpz 320:00:0% oo6{o3pE:00da{oypEionp5dqE eapo:8E0p5
() orcdugps(text) [gEeapomiconseomelopé oopnm ¢odondiones ocdsadeon  Entry
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format gps syntax gp: 03 og6soqCop FaegpegEoopdi

() Program 250385 oodgqiodgps comment gp:ad 330po0aRGeE08EGaNGOPE Sa[gPrapyp:
00dgePaRt §7:00pba06omEAlNeS 38 cgudapaopd

(6) [g§copSodesoigs(reviewing) 320305 print cpod8Ea000

Text-based method &l 8202505:q/05qpsen

(0) Syntax qp:od 3a09S030qgn GqEoogScdaopdl  database entry statement qpsod 93§
832600001
(J) DDC & memory 0323 download ecp&et compile cpdgs 3290¢ 00de0¢ SpbeSaaopd

() Compile C¥620pd F2e0&aFeEPdEa 3egP:d GRS

09.9. J Programming Language (GPL)

Present Value 13.72degF

?O ?0 Zone Low F1
MIN ¢ Present Value
Zone Temp 1-2 @s Output Ref
Present Value
[ nputRef 1/ 7240degf
ne Temp 1-
Present Walue L
7070 gegT ne Ave F 1
Input Ref - AVG G 72.66 Present Value
utput Ke
Zone Temp 1-4 N
Present Value =
Input Ref 74.10 deT i
?4 10 one High F1
Zone Temp 1-3 MAX c & Present Value
Present Value Cutput Ref
Input Ref 7240 degF

c‘;) 00-G Example of Graphic Programming Language(GPL)

3200053 $(00-G) Programming 20p5 &(g)9 ¢ Temperauter gps 1-1 ¢ 1-5 03 3285902
00$s(minimum  value) 3a[gadionsds(maximum value) $& qdiqon$3s(average value)ogodo
e65[goopd program [gdo0pdn Graphics diagram ogE Gl§oopd MIN block 1 MAX block 1 AVG block
032005 software “objects” qpegdo300p5i

MIN block 20p5 &(Zone)(§))9 ¢ temperauter qp:eas050 3o86ad: 30§50 egrgde0:00di
MAX block 20p5 &(Zone)(§))9 ¢ temperauter qp23s505¢ 22[g¢ad: 30§53 agegdeuzoopdi
AVG block 20p5 &(Zone)(§)9 ¢ temperauter gp: gi&sq 329§$03 3056000051
09.¢ Logic Concept

DDC g2 220060060 $¢ 30004g8EOqpia? $2:000068320305 logic concept 03 vocowdgd
522000598 832600001 326[gd logic function (p)§jgda0pd AND 1 OR $& NOT 0303 oj[gpsesant
electric circuit qps $& ladder diagram gpzsConay 326002805 qEsc: Gedlgoo:aopdi 3 logic
function ()0} 226[gde] §:qC:0050m0005 control decision gpze 0] ©053dc0og:0pd control
decision 2208 00p56e00058E 005!
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09.G.0 Binary Concept

Binary concept 2005 33E8020800080069 ©0upoddli Binary concept o3 egruoatmonpdian
000803:83[0300p01 powd-Bsad: 00dad0pS gE(on) e58E0pdN  Bo5(off) e8Ea0pbi eaRd
(switch) 00692005 open [§0es88a0p0 3wwpod close [gdesfCaopdi  Gudomodado0pd
eens(running)es§Ea0pdn qd(stop) e$8E2005n Digital System qp:apE sac(gzacs( )§jE(two state
condition)oon §8Ea0pdi Signal §[g: (signal activated) o8ewpcd offgEs(not activated) high
030005 Low 1 on 9Bewpdd off I open 9Bewrdd close 0200508 7333 saalgEacs( ) 325050
006§§03E 006§jz000 (465880005 o two state concept (binary concept)aopd decision qpigie$
200> :26[gdlgdoopdi Binary concept a0pd DDC gp:ei function block gp: [geedes $¢ digital
computer gpzell sa6[gd(fundamental) coGomodepsgP: [§B2001

PLC 03p6¢p:0p€ Binary 1 2005 signal §[g€:od a3c8aopbi Binary 0 2005 signal o§gC:
(absence of signal)od qpSpg$soopdi Digital system gp:opl ozac[gsses( j)§jE(two state)od
0080005 voltage level ())9[gE cwdlgoopdn +V volt $& OV volt o303 Table 11-1 03¢ eudlg
000300001 Volt 00692005 oofgps Volt 00890005 8360IC:Slodem: adewpod 3a38lodsan: (more

positive) dqpzoopSi 0odslondq) Binary 1 98ewr0d logic 1 63 true 1 on 1 high ©20p5 328¢puSqgp:
[0 qpdpR$:e(radd: binary 0 98ewrdd logic 0 o3 false 1 off 1 low ©20p) 328¢>0Sqp: F2[yd
R5e8%: elpadoopds

Table 11-1. Binary concept using positive logic.

Example Logic 1 (+V) Logic 0 (OV)
Limit switch Operating Not operating
Bell Ringing Not ringing
Light bulb On off
Horn Blowing Silent
Motor Running Stopped
Clutch Engaged Disengaged
Valve Closed Open

00.G. J Logic Function

Table 11-1 ogSewd[goon:aopd more positive voltage o3 logic 1 s2[gd c00500d20p5 Less
positive voltage o3 Logic 0 35[gd 2005¢05000:00001 8856520050008 390Ee[goocd Ggeqed
200560500045+ [gd20p5H

Binary concept 20p5 physical quantities (Binary variables) qpseil sacfgzacs( )§ (two
state)od 0 $& 1 [§€ ecdoodn mefgeacs( ))§mes05 0d§ES soefgzaes006§jz0m [§68E0R0
()9 00532005 binary variable gp: cAE:00G: §§o0pdqeSad True (1) aBwupod False (0)
mefgmees md§E§igc eodgd 0055 erpamnepdi DDC gp:aopd logical statement gpso?
:e[gdg 93qodqodgp: qeod(make decision) 0300051 DDC gp:oopd digital equipment gps
[g8[03e00e[o3pE AND 1 OR $& NOT 02005 saa[gd(fundamental) logic function ()0 226[gdq)
operation gp: [gjopSe300p5n & function gp: Al binary variable qp:o?d statement 32[gd
00p5680005(03005
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Function 03E03¢ opSicn&sgod(rule)gp: §o300p51 aBopSicndaqiod(rule)qpienq oS
(result)od  cocdeo:a0pbn  8digodeo:a0pdi  03ud3Ea0endon(symbol)gp: o005 §9:c0pSe
qC:cuticoqancgod qound(result of statement)o? output oy 2005005 Gele3a0pbi  Output o3
326085m06p(Y)[gE 20050adewigoopd Statement gp:el sa6[g3aes(condition)gp:o? input (A
$C B) gpsop 20050052005 Input $& output (j)90cd:ad sacfgeacs( j)§ (two state variable) [g¢

eeH[g§Eoopd
Inputs } Output

00.G.9 "AND" Function
(;) 00-§) Symbol for the AND function.
$(00-§)0p5 AND gate o0bgel 20God00(symbol) [gdaopSi AND function o3 dlgé
eedlgooodgEs [go0p5n Input gpesnzad: True (1) [gbea0o AND output 2005 True (1) [g620251

The AND output is True (1) only if all inputs are True (1).

AND Truth Table

Inputs Output
A A B Y
Y 0 0 0
B 0 1 0
1 0 0
1 1 1

& 00-6 Two-input AND gate and its truth table.

00.G.G “OR"” Function

$(00-q)20p5 OR gate 006903 206ad0D
Inputs Output  (Symbol) [§€ esBlgoozaopdi OR function o8 fgé
eedlgooagEs (96205

¢ 00-q Symbol for the OR function.
The OR output is True (1) if on or more inputs are True (1).
OR gate &l input qp:eascd:ers0de $0:ed: input 0od9 True [gdagié output 2005 True (1)
(580065

AND function (AND Gate) $& OR function (OR Gate) o30RC input GdlC:qp:gndsc
600500p0: output 0069200 §epdi G(00-0)oz€ OR function @ true table o3 codlgaon:ooodn input

s 30200260 [§6§E2005 combination o aac[gde) output Y 03 coodeuiaonzoopdi
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OR Truth Table
Inputs Output

A
Y A B Y
B 0 0 0
0 1 1
1 0 1
1 1 1

¢ 00-0 Two-input OR gate and its truth table.
00.G.§ "NOT” function

&(00-g) NOT function 03 2060500 (symbol) [g& ewdgoosoopdi NOT function & input ¢o
FALSE (0) [96cq€ output 20pSTRUE (1) [g20p5n so[g§sacpsseandgS input o> TRUE (1) [gdagie
output 20p5 FALSE (0) [g20p51 NOT Gate il operation ¢ input & state o3 e[ g$(inverse)
c06e0qf [doopdn oBeloppé NOT Gate o3 inverter vpcopSs 6al 2opSi

NOT Truth Table

m B Input Output
Input Output A A
0 1
1 0

¢ 00-@ Symbol for the NOT function. ¢ 00-00 NOT gate and its truth table.

m[gpseoon AND function $& OR function gpasC wopoopdsagode> NOT function ogé
input  02&900pd:000  Al§[gEegd0R5n L598E[GE(E05N NOT function o3 oodooopSs
20d4g|ecy o§eon AND gate a300pod OR gate o3[gC a3¢) saadigieodoopdi

&(00-00)E NOT Operation $& 0ol true table o3 eodlgoonzoopdi A saedlog€oms (

Bar) ooecoionlq) A 3a[gdesd[g[gt:oopd NOT A o qobog§eaodi

NOT function 320Q0S000pa3[gE8EqS(Visualize cpbqs) Suodeaopbn AND $E OR odel
function o3 o3[gE§EqS (visualize pSs) agudoopdi a8cgudi [gEagudoopdi a3eos NOT function
2005 20038845 3p0g83a08:0E[030005

32088:03¢ qEdgoonsaopd 2ag05(p)gI0d

() 193 03885620050005503E: agegSdh

() Logic 1 2005 $e&30igC(gpieonsadg) TRUE 1 HIGH 1 ON [gdaopdi Logic 1 2005 Device
d§pdjgo? Activate cobgs 6pbguda0pdi powd- Output Y=1 [gdgi€ 66500003 cudliqs
[g®20p5

() Logic 0 2005 desaandqE (qpeoo3a0dgE) FALSE | LOW 1| OFF [gdoopdn Logic 0 20p5 device
006§§:0d deactivate cpde$ [g2051
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pown- Output Y 2005 0 [g6cqi€ 665003 q0es (8205 3am005¢) Bmsefgsnesa’ elgptiadngc
NOT function 03a%:00051 pows- logic 0 20p5 Device od§j Active cpSc3agi€ NOT function o3
32004gJo0pdi poen- output Y=0 [gagqi cedomadewntqfgdoopdi NOT function 20pd saad:0C
2001
()  NOT o3320%gj00p5n Logic 0 (low condition) [g6cgiE Device 0od§je§jpo?d Active cpdes
(®)  Logic 1 (High Condition) [g6cqi€ Device 0od§§jso? deactivate cpbg$sacgod NOT
0332294100001
63200503E NOT function 03 93500220009 powd(J)90% Gw5[GEo:200N
NOT function o3 AND $& OR function gpsg&saadigeco§ogeacdoopds vcowpowogé
NOT function 006900p5:03 00929:000:00001

00.G.5 NAND Gate

A NAND Truth Table
Y Inputs Output
B — A B Y
0 0 1
0 1 1
1 0 1
¢ ©0-00 Two-input NAND gate and its truth table. 1 1 0

¢ 3-7 o3& NAND gate & logic symbol $& truth table o3esbgoon:oopb OR gate &
output § NOT 20eod0on (symbol)oopdagi€eopds 320060060 09p820001 OR gate @i normal
output o3 function copdoonseomalopé NOR gate [gdaopbi O(00-0 j) g€ NOR gate @i logic
symbol $& truth table o3eed[goon:a05i

A

NOR Truth Table

Y Inputs Output

B Y

>
w

¢ 00-0 ¢ 3-8. Two-input NOR gate and its
truth table.

200

-0 -0
(e N e e RN

09.§) Review Questions
(o) Explain briefly about the software architecture applied to BAS.
(J) List three classes of software used in building automation systems, and outline the

functions of each type.
() Describe three typical application software made available to BAS. Give examples on their

real-life applications.
(G) (o») (What is OOP?) Explain the term “object oriented programming” as applied to

11-10
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Q)]
©)

Q)

(®)

©
(00)

(00)

()

(09)

(09)

building automation systems.

(®) Give one example of a DDC database entry that conforms with OOP, ignoring the
actual syntax used.
Describe the information contained in a DDC database.

Explain the difference between “software” and “firmware”, stating clearly, where each one
resides in a computer system.
(o») Explain the purpose of a DDC database.

(®) Describe two methods commonly used for DDC database configuration in BAS
industry.

(o) Explain the difference between DDC database configuration and DDC
programming.

(on) Describe two methods used to develop BAS application programs.

(®) Give two advantages and disadvantages for each method.
Explain the terms compiler and translator as used in computer programming.

Give two advantages of graphical programming method over test-based method in the
development of BAS / DDC application programming.

List and describe five types of DDC program modules used for building control
applications.

List three BAS application programs typically available/used for:-

(o») energy management
(®) metering and monitoring of building services
(o) facilities management

Describe, with the aid of diagrams, the following real-time energy management
routines generally used in BAS:-
(o») Time and temperature profiling

(®) Optimal start-stop
(o) Duty cycling
(o) Time and calendar scheduling

The facility management has to deploy the efficient energy management routines to
their car parks in three basements of a commercial building. Propose some useful “energy
management routines” which will be suitable for basement car park lighting and
ventilation systems. Explain clearly how to implement this proposal with your
programming knowledge.

-End-
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Chapter-11 BAS Software

00.0 BAS Software Structure

0.0.0 Operating System (Lowest Level)

00.9. J Utility Software

09.2.p Application Program Software (Highest Level)

00. | BAS Software Design Concept
09. J.0 DDC Software
09. J. ) DDC Firmware
09. J.p DDC Database

09. J.G DDC Database Configuration

00.p DDC Software Programming
290.9.0 Text-based programming

09.9. J Programming Language (GPL)

09.G Logic Concept
00.G.0 Binary Concept
09.G. J Logic Function
09.G.9 "AND” Function
29.G.G "OR" Function
00.G.§) "NOT” function
00.G.6 NAND Gate

09.6) Review Questions:-

Contents

00.0 BAS Software Structure..........

O 00 0 N N OO b b DWW W WNDNNDNH

= =
o O

0.0.0 Operating System (LOWESE LEVEI) ... iiiriiiiiiiie et r e e e e e e naaas

00.0. j Utility Software................

09.0.9 Application Program Software (Highest LeVel) ..o,

00. J BAS Software Design Concept

00. J.0 DDC Software........cc.euv.e.
09. J. DDC Firmware ........coeeuves
00. J.9 DDC Database ................

00. J.G DDC Database CONfigUuration...........ccouremiinieis i

00.p DDC Software Programming..
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00.0.0 Text-based Programming.........cceeeeeiesiisisie st
00.9. J Programming Language (GPL) ........cecuiiimrmninieinis e

00.G LOGIC CONCEPL ...ttt 6
00.G.0 BINAry CONCEPL......eeiieie e
00.G. J LOGIC FUNCLION ..ooviiiiiiiiiiiinii i
00.G.0 “AND” FUNCHION .ttt s
00.G.G "OR” FUNCHION ... s
00.G.6) "NOT” fUNCHON. ...ttt s
00.G.6 NAND GALE ....ouvuieaiesiiiii st bbb bbb bbb bbb

09.6) Review QUESHIONS .....ccciiiiiiiiiniisin s 10
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Chapter-12 Integrated Building Management System (IBMS)

9 J.0 Introduction

IBMS &320p5¢n Integrated Building Management System & 330368105 9620051
0d9gC:d AP[gpieseomn system gpod popdieodgls(integrated cpdeodgls) [gSo0p5n Computer
sp550pm0 $& IT 50520000 g2 03:0005cgEseloE IBMS $p5:0p00 6dl ogfaonoogdi

Building Management System(BMS) o800p05 Building Automation System(BAS) o303E
OloCoopd System gps 22[gE oofgpicoon Building Service System gpsod @co: 0o2:0005 (Integrated
c0600200p)) System  [gbcoomelopE Integrated Building Management System (IBMS) op
9l aB[g849bo0p0n Facility Booking System 1 Integrated Facility Management System 1 Visitor
Management 1 Visitor service 02005 System qpzod 00dpondeoionpdigdesant integrated cpboon:
comelopé IBMS 0edl ed[glopdeqboopdi  2680005358:0069 220385 sub System qpzaopd
084[gpi00p5§0300051

326e0005358:00093003C:§ Sub System  gpeascd:cd System 0069320385 oopb§eInt
integrated coG00200p5N

1-1
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Building Lighting Consumption Access Intruder

Automation Control Measurement Control Alarm
System System Systems System System
9 2J0

Integrated Building Management System 0069320382 subsystem qpssé service qpzod
eedlgoonsopdi

i

One common graphical User Interface

Optimal integration of all systens with standard technologies

Building Lighting Consumption Access Intruder Video Fire
Automation Control Measurement Control Alarm System Alarm
System System Systems System System 4 System

Q9J™

BAS a300r05 BMS 20p5 computer $05:0000¢ Network $05:0000 89 sedl0p€ saafgd
00260 Building Control System ood9copds [gdaopdn 6e058 Intelligent Building qp:oe o§e[gd
Clo€qupd System 006905 gda0p51 Computerized building control system 6205
32680005208:0009 6500008 P50 65q§3005 EesEQERd operation g3 monitor
0681 2a03eqpod deScopSucdesesnt Bopz§logp:(Manage) 8320305 BAS a3ewpod BMS o
006908[0qfgEs [96o0pdn BAS/BMS [3& saceoncdsadel operation qp:odde) Efficient [gdesnt
6e00CgoH8Eaopdizacpboow: o§odi ofcobe caqpg§toopd gaiataigy caqpgstaopd 3¢
B[§Bodee00pd1 320%3{g|opgpi(occupants) 850305 33eomEsgs(Gs comfortable [gdeoaogdi
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(o)

(®)

(0)
(w0)
(c)
(o)
(s0)
(®)
(q)

(P2)

6$,00 6503E: 0068lEDS [gIrpdaEepdadgyp:(Air Con ¢¢[gEadad(gtacaontge: 0aopd
oB3gqP:)0d sacdmaeagpodjgapdeus§Eoopdi
oodgp:03 plant room o8 ©pSojad monitor cpSeRdi ©p503ad control YSQERSHR
aollops cusqepdsad§(Training Hour) eaqpg@Eaopbi BAS Work station § Graphic ¢
0050¢ 33gudongy coloieusdandi
soadigopgp(occupant)gpiei  8eadqodgps - §logSaqodepegg(trouble  shooting
coBf38:) 000ScAot BeyEEhey
o3fg$(responsecnd) 8E20p5n SejeamnEesnt oS (responsecnd) 05
almgSo opdaopd 0adewnt:0pdi [g[gEIopd 0oopd Historical record gpsgcs
Maintenance Management Program qps§[g€s  alarm  gp:  Jeodgtod  efopé
32680005358:0006900:03 dgjeomniiesmnt 8do&3(Manageapd) §Ea0pd
Centralize Control [3[gE: $C Energy Management Program d§[g€:elopé g&:3a&odgq
320305 opborodioal eoqpqiéoopd

2680005208:4P:03E§ 00050005 special event gpzo? cgubonaondomgs 8o&E[gEs
Subsystem qps(ACMV, Fire Alarm, Security, access control, Lighting Control 02025 0303)
069 $E00d9 ![GFmvs 900509058E[GC Data qp: :[gSsacys co:dSE[gEs exchange
0068E[gE: 03[gbo0di
System gpsai reliability 3eom&:cn[gés( chiller oodads Breakdown [g&dlon stangby chiller
B sacdmeagpodeentieolgts)
Equipment 03&:03 (p6g))qoden eentsd§i 8odq$(start/stop timing) o} copdeo:SE[gs
22038000 report qpso? :ac3mee0gpad cocdeu:dE[gls

Energy Management Function [ Pg 172 Honeywell ]
32680005208¢ 32038: §32q/05320005¢P:sC Sub system 3203828 operating parameter gp:o3

BAS System oo 96800E:002:60:00001 POed - SeSigP:El IPOYSGPH equipment gpsell GenC:§Si
85§§5080pSqo3pewnt(Bgdoopdn Building Technician o8 Operator 20p5 BAS workstation(PC)
¢ 3203§oopd information gpismiadiod 938E2000n ZacdfngCsetting gpzod  GgpE:8E0p5
osigpiel 2pEo0d[gls 0x(gEiof(c0cdecdooapd :0gS) odlgdagi€ warning o3wupod
Alarm 286005 Alert gp: co:8€20001 Handphone o800p05 SMS a8ewpdd printer o8ewrdd email
[5€ Beoz §€aoabi

J- System configuration

BAS System gzl Architecture qpzo? Layer qpz 9300305 Level qpsg3fapiesdlgoopd

(») Management Level

(®)  Operations Level 9300705 Operator Layer
(0) System Level Supervisory Layer §§

(22)  Zone Level DDC Controller Layer o3 (&5

Building Automation System architecture 3208:03¢ 326002805 GrYE05g8E00I
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Operating Level Processor

Operating Level Processor qp:oopd Personal Computer (PC) gpsfgdaopdi Operating  Level

Processer qpz§ 630053 application Software gpzclooopdi

)
)

€))
)

©)
©)
@
(®)
@

System Security - saads{gopgps(user) &l 8080 cBodq) authorization level Jgo:
000800001

System Penetration — authorized personal qpo3oon Data qpzop[gEs(retrieve) $E transfer
069Ea3 G800

Data Formatting cpO[gés

Data segregation- g&[gjopgps(AP) olge eop.qo0pd Data gpa Equipment gpssé
gColgjoonson gp:o? data gp: equipment ogEqesanEginpdaon:§Eandi

Custom programming

Graphic [g€eo€[g€« equipment gps 0069E:03 graphic gpilg¢ ewdgoozoopdi

Stand report qp:

Custom report

Maintenance Management

(o0) Site specific customization

(00) System integration

IBMS 2005 22680005308:30038:q  3agj058c00dgP3:d:03  monitor  cpS8Ea0adN

8d9§3(manage) 820051 IBMS ¢ eené[o3p584(monitored and managed)§E2005 system gpien

(@) Elevators

) Waste Water Treatment System

) Mechanical Direct Digital Controls

(g) Digital Network Lighting Controls

(9) Power Monitoring and Control System
(©)  Fire Alarm and Detection System

@ Solar Energy Collector Metering

(®) Wind Energy Power Generator Metering
© Weather Station Monitoring System
(00)  Window Washing System $&

(00)  Water Reclamation o3 [gdoopSi

9- Energy Management and Operation
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IBMS Operator
Workstation

Real-time
Automation
Interface

ExcelSpreadsheet/ SQL

Muitiple regression
analysis to answer,
“How much did the
energy conservation
measure implemented

Temperature last week save me?”

("3 9 J-0 Integration Applications Energy

G. System Integration

Implementing Integration The Right Technology- System Integration

Common user interface for all building systems

[ntegrating p\atform « Common graphics

Common alarm management

LonWorks =X ‘ k._ BACnet - Common management reports
— -

Protocol Converters

Ability to connect current and
Objective future devices into the system,
irrespective of manufacturer

Platform Technologies Others \Integrato\ BACnet jLonWor

1000s 700+ 300+ 300+
Devices Devices Devices Devices

Bl

¢ 0 -0 IBMS supports LonWorks, BACnet, Integrators and Others
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M&E System

Iﬁi Car-park

Server
il e
< ot
M&E Monitoring _____ FunctionRoom
Access from - \-_‘I “< Air-con. & Lighting
. . o .
Single Workstation = Q[ﬂ]]l]] Security CCTV/Card
45 m [~ < Access System
. Z Video Delivery _ * B8 plasma Display
l o Video Server  |;ft pisplay
N = B[ —
Q m £Z5 Tenant
ﬁ Tenant Services — [ PC
o AR
« Web Server
Building =
Management N S . INTERNET
E Remote Services I
m ([0
— Remote Access Server
B
Other Services ~“m
(I
erver

<"3 0 J-0 IBMS Control Center

§)- Integrated Facilities Management

Helpdesk Operator

A%

r—

Maintenance

Maintenance
Personnel

2
Via el | _h_
Telephone Sl T Via
Electronic Mail
Generate Calendar of events
Work Order Regular X

Work Order X .
Maintenance
% / Schedule
Parts & Equipment Purchase
Facilities Management O ) Order
Database o I 4
o LY C
= §
Property Work Order
Manager Assignment
Purchase
Department




HVAC Control and Building Automation Systems

eomio0dp3§,

¢ 0 -0 Integrated Facilities Management

(. Visitor Service

VISITOR’S SERVICES

Information Kiosk

Car park Guidance Display

Video Display

IBMS BACKBONE NETWORK

Lift Video Display

<°3 0 J-0 Multi-Media Screen

Q- Facility Booking

Support air-con extension
Extending the operating hr of air-con for facility
Booking features

Support public and internal booking
Configurable calendar views

Block booking(recurrence)
On-behalf bookings

Booking approval

Email notification

Bookings Mgmt

View booking status

View booking history

Cancellation

Amendment

Booking template
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Facility
Booking

System

AHU device Security:
Dooraccess

Additional features:

Priority bookings

Booking Horizon

Locking facilities for priority bookings

Minimizing booking abuse / maximizing facility utilization
Internal chargeback

Booking approval

Additional users confirmation

Auto cancellation

-End-
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Unitary Controllers
Low-Speed LANs

/ g
=]
T Tay

00

Bhernet

Y Y &

lJ—L| Iﬁ Feld énel
L]

Workstation

High-Speed LANs

Internet

Router

0

Unitary Controllers
Low-Spee:

N=l=ly
Du
Feld Panel ﬁ IJ_L'
==
=

| gy T

Fleld Panel Ifl IJ—Ll
L]

Workstation

A Hierarchical Building Control System Structure

Security in Networked Building Automation Systems

The main objectives of such a secure transmission channel are:

Data Confidentiality:

The disclosure of confidential information must be avoided. It must be

guaranteed that only entities with the required privileges have access to

confidential data (e.g., confidential process data, secret keys).

Data Integrity:

The modification of data by unauthorized entities must be prohibited. If
such a modification cannot be avoided,

it must be detectable by the

involved communication participants. Thus, at least the use of these

corrupted data can be prevented.

Data Freshness:

It must be guaranteed that the data processed by an entity is valid at the

current point in time. Message injection or replaying by an unauthorized

entity must be prevented.

Security mechanisms in BAS

LonWorks BACnet KNX/EIB
Authentication 64 bit MAC DES 32 bit password
(48 bit key)
Integrity 64 bit MAC DES -
(48 bit key)
Confidentiality - DES -
Freshness Random number Random number
(64 bit) (64 bit)
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Management node Attacking the backbone network
@ (threat from the outside)

] )
(_Backbone network

Backbone level

Control level

S

Attacking a field device
(threat from the inside)

Attacking a gateway
(threat from the outside)

Attacking the control network
(threat from the inside)

Control
networks

Two level model and security threats in BAS

Security attack Security threat
(i.e., action for (i.e., potential for
violating security) violating security)

Adversary & (T arget of attack)

(Countermeasures)

\co—

Control functions

Two level model and security threats in BAS
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Chiller Plant Main View

(e P
3

EEmE EETTE

System Parameters
Alarm Reset

System Efficiency
Chiller Efficiency

Chwp Efficiancy .
- E#Enupmﬁ* i [ .01 dogClf Stankra

Bypass Valve Control

6.0 kPa

Chiller Plant Monitoring System
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Chiller Plant Room Energy Saving Measures

Chapter-12 Integrated Building Management System (IBMS)

Item | Chiller Plant Room Energy Saving Measures Remarks
1 Demand Control of Chiller Plant Equipment Optimal Start/Stop
2 Enhance Chiller Performance (Re-commission) Optimize chiller health
3 Enhance Cooling Tower Performance Optimize CT health
4 Chilled Water Pump Efficiency (Secondary Pump?) Enhance inefficient Pump
5 Condenser Water Pump Efficiency Enhance nefficient Pump
6 Remove Pressure Drop across Pumping Circuit Minimize flow resistance
7 VSD for Cooling Tower Fans Utilize standby CT
8 VSD for Chilled Water Pumps Variable Flow
9 VSD for Condenser Water Pumps Variable Flow
10 Water Flow Balancing across Chillers Even out chiller water flow
11 Chilled Water Reset Increase CHWLT
12 Condenser Water Reset Optimal CWLT
13 Chiller Plant Monitoring & Optimization System Proactive/optimal Ops
14 Chiller Gear Change Adapt to actual capacity
15 Chiller VSD Retrofit Optimize partial load
16 Chillers Consolidation or Replacement (incl. Aircooled) Remove inefficient chiller
17 (Automatic) Tube Cleaning System Maintain tube cleanliness
18 Water Treatment System Maintain water quality

Air Side (incl. AHU/FCU) Energy Saving Measures

© Nk WD

Demand Control of AHU/FCU
Enhance AHU/FCU Performance
Air Filter Losses

Cooling Coil Losses

Fan Efficiency

Reduce Excess Airflow

Room Temperature Reset

Air Ducting System Design
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9. Air Distribution (CAV vs VAV) & Balancing
10. Static Pressure Set Point

11. VAV Optimization Algorithm

12. Fresh Air Treatment (Pre Air Cooling)

13. Fresh Air Controls (CO2 at 1,000 ppm)

14. Heat Pipe or Runaround Coils

15. Air-to-Air Heat Recovery

16. Exhaust Air Discharge (15 Air Change/Hr)
17. Recycle Water from AHU for Cooling Tower
18. Car Park Ventilation (25 ppm).

Contents
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