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Machine Tools

CHAPTER (1)
FUNDAMENTAL OF MACHINE TOOLS

1.1. Safety Precaution of Machine Tools Operation
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1.2. Fundamental of Machine Tools

Machine Tools eorao% Mother of machines » ooéoo:eaTeoT@@: aa[éozecrgeog
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Machine Tools eogo3 @e23:(g|8: Machining eoSeo:g:  Forming $ogé:(gé:qp:

C\?f)qo']aoéu Machine Toolsaae@éoogqp:?o esaoago']sac%é:@éo']wén

(1) Lathe Machine

(2) Milling Machine

(3) Drilling Machine

(4) Shaping Machine (Shaper)

(5) Broaching Machine

(6) Hobbing Machine

(7) Grinding Machine

(8) Bench Saw Machine

(9) Sheet Metal Shearing Machine

(10) Planer

(11) CNC Machines (Computer Numerical Control Machines)
(A) CNC Lathe

(B) CNC Milling
(C) CNC Cutting
(D) CNC Drilling
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Machine Tools

1.3. Basic Construction of Machine Tools
1.3.1. Rack and Pinion

3(»0:130:(73 sac[(:soécx‘%agcoTooo:cooo m:ooqc)?nr? Rack u?caT[(:S:
005005c0pSBumogn:  esloooiagé  Pinion  wvyesloloopSn  Rack  and  Pinion o3
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@O:G@Oé:qléqg@écd) SBQ}GE’)I.O']&)éII ?é:*é:dgé CDéOGSG&)Oé:CDéQJ(TS% ca::go:cooo
[ < < [N < ° < -] o < < c O < <
e:ooeqlmasogo?@oo']aoeu QoRc 0wy D wodop olo B DDO eaogo:ee@e@:
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1.3.2. Worm and worm wheel (gear)
Worm ar??:aoé(?o Soooqsé q"lorsaoaggéqu 3%3:@56333{10630’3000:63)0 Shaft
mécqloéz @3@): worm wheel meo E.)wosac-fﬂl:saoo:m&? @50']::oéu 93:03 coéoorgsao:
@ 00 [ ° [y [~] o] < < [
@o 30§Q§/C0? C§PCOR90 saoq:@lo']oaeu owosaqll:GoTﬁooe@: OPO00I§§:
c@oé&d]ooén poeo worm wheel o 8"\”33980‘ ((;o) ?10']00 Worm Shaftnr? saoorg((;o)
ppd¢ worm wheelo o600da(gpd copSepS(escloopS

WORMSHAFT

WORM WHEEL

1.3.3. Pulley and Belt Drive
Machinetoolcoﬁcoﬁqp:qp:(ﬁ C\maoécegmo[(:sé ceoé:g.é[c}: qﬁcoocooo 005935:
®0:03 Pulley and Belt Drive 03 23:(§: a00:§es00C 0l 205
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Machine Tools

1.3.4. Square Thread and Handwheel

gézq.é:ooé 0(7360)’3603’3(-.”0:(-.”0:038 90']9[(:95 saa}:@looéq.é: [(:930']:)Oéll c}ogé
Power Lead Screw o[go(@: Square Thread § wopl:qd qoo00ie0o  §0[86:(gSe0o
ogé:eogor% oéecfm?:o']a)éu orgée}ogé Carriage 03 esa%o%ogo:a%o']m ooé§é:a$
33:1?:[(:)[01:10éu

{_'}'_: 57 Whaolesd

®0ad0l$ogé  Square Thread and Handwheel o3 =¢eg5(3: oopSesoon5con:oladpst
Handwheel o oppfeoonaes] Square Thread 20p5 eqa3odiognioloopSi  elgad:(o§copdagié

040033 s 0Scvacl oS

1.3.5. Chain and Spocket
c o < < <

?é:«?é:&)é 0(D:Y):08C 393?:@[3)80§82390382 @0013)80“
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Machine Tools

1.3.6. Bevel Gears
Bevel gear o3 ca'lé:cx%cﬁcoéoo’%sao e cq@cem@omm | »[g§mcr§moi(es

Gq@ééméoogsao:me§ GG']C: 3 wéooosaoa? GE)OC GO.CI«? @3{ @1013)&"

n

1.3.7. Reciprocating Motion
Reciprocating  Motion a?f::oé?o coéoogsao:mcq. cﬂcqoagca‘%écwosao:di
s@oé:&eo:ewo qé:o@é@é[j: Power Saw Machine a}a%eoooocrgqlo:ogé Y Joo) 33:1%:[;)[0']

:Déll

path of &

saooaoh}ooé Reciprocating Motion cr$ @a?:@looo:cooo Horizontal Band Saw Machine

GScloopss
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Machine Tools

1.4. Sample Machining
Machining centers and Turning centers

« Automatic tool changing
» Pallet shuttles

+ Automatic workpart positioning

(a)

Milling cutter —,_

Turning tool T P
e
N
e
e e N | (TR

(1) 2)

i

(b)

Qogé[éooo:ca)o ogé:eco:cx?&% ocrgoézéﬁl: a.}:qo']eéu 00eg: cx%aaacooo
C\?:oogqcsaoé ogééconé[(:S: Turning oo:qo']eéu cx%aaaca)oc{?:oogqo']m Milling machine
GoTooé[g): Cutter § m:qd]eéu cx%aaﬁcaoo aaco']crge@oagsﬁ Drilling machine GoTooé[;S:
Drill & G(socrgqo']eéu Gq»oorgac}: ogéécoT @$m§[§: Cutting Tool §[§90§c§c¥§cmoaaa']

cx%qléeaoo ogé:em: 61?101 &)é I

Page 7 of 62



Machine Tools

CHAPTER (2)

LATHE MACHINE
(03€4)
Lathe machine o3 o3é3c3esl(G: cpmgp: qC:8:0y8: ocodondmme0:(yoS:
(6§08 opcopdoqudags =@ad:(gozolo0pSH
2.1. 03c44¢ 999603096803
(1) Cutting = 0c$03 =223:[0l[G: aSooéqlo: @org%é[éézl

BAnchinea
Framary motion (- surdaces

N,

. Continucus feed
I] = Frutigr d— X4

<

(2) Sanding = ogéézogg Work piece 03 0>650¢(8: Sand Paper 3¢ megpa0o58E(sc:
o

(3) Knuling =ogéézogg Work piece 03 0820&(8: Knuling Tool [s¢ aeagadesT§&(sé:

s

(5) Deformation= ogééorgé s$d§o$ ecn?c;cnoé:eooosacpmf)aoé@: cx%saﬁooo?f QGOT%é@é:I

e sioech
Soramt rreet

Ciarmp
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(6) Facing = orgéézogg Work piece 03 o>6s0E(8: qpodso(gcal(ac:

. . © . .
(7) Turning = orgészogc Work piece 03 n620¢[8: a?:o$:aao:esaoé eoo:ccﬁago:caaoé
988&REs
Workpiece rotation L

(8) Threading = ogéécﬁ aaaéqu@: :33035:615 w@éqﬁqp: qﬁ%é@é:l

Vil L

B B

(9) Tapering = ogé{?ogg Work piece 03 0>650¢(3: Taper Shaft qp:goSen: §&(gC:
?dgqjagu I Gor)o']ar%aoé?o Shaft €1 cx'?:oorg@:cp? e:n::xao:@é: @501:nén
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<

(10) Boring = 03¢403 m23:(g|G: mopc:evlod g(sc:

Workpiece \
Boring tool
Tool
rotation

rs

Feed direction

(11) Chamfering = ogéz'? 3 33:1}:@[[(:): conc:a36:[e:t

Workpiece rotation

(13) Grove Forming= o3¢803 @23:(g|8: e[goc:eod(gé: (oogadge::

Workpiece rotation

N W

Feed Feed Feed
direction direction direction

Form tool Form tool Form tool

(14) General Machining = ogéqﬁ% 33:1}:@)[[(:): cq§c$:cm56m3q|o:qlo:0$ 33@0:
%c‘écﬁ?lwoqlo: oof)aoé@: saaiz@lgéo']eoo:oaéu

poes - o:ﬂ(Sof)cefSooo <7§l§:oor§o>oéﬁlm$ 33&;:09@[53: ::Q:cnoéf": ﬁo’]ooén
90§q|<7§|| ||c}9$ecqor§cooo cx?acé;:qpm% ogé\{?a?:@: cqéqéo]m ogéqa% sao?:qézmuéé

033980'] aoéu
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Ces OC < < C o
2.2. oCcRNCEP @csTsacqupzﬁsg FPOQROQOQ
(1) Headstock = ogéécﬁ cs’]é:c‘éé:
uoorgccoooorgé 338mceoé§§co:cmo cedomm  Workpiece aacﬁ. Chuck,
< o < < o o < -] Co [y ¢ ¢ o
CE000ME§ Chuck oo PO0OOIOIM)  QCIOCEVIGD  NLOVQP:  0RCY  COPOVOO§§IM
aac§:aa[é$c\?590:coao Su)oc:r)ooge"o: 0’]030’]ooén

(2)Chuck = Workpiece p3 694
qjacs']é:ogé 3 Jaw Chuck, 4 Jaw Chuck arff@: §3§Jl:§o']ooén 3 Jaw Chuck

03 odio§:eado Workpiece gqpiod mdoguSooopnydqses[@: 4 Jaw Chuck o eoo:ec00C§
dogoupodeano  Workpiece gp:ad  ppdq8esolaopSn  Chuck orgf: Workpiece 93603

836&):803 GOT[(:)O'] Gé [}
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(3)Bedways = ogééogé ?orngeé Gaooorgogo: ogozeémé:c@oé:
: Bedways

(4) Carriage = ogééogé muge‘iorg:né Qogoo:eac caooagago:or% 03$:q"5[§é:| 933303
cﬂoso:«%é[ééu ca1(r§o§ca']<7§[§$ ago:%é[ééu caooogogo:(r% aaogsamu cﬂo%:eq»oog aqorg

(\?(S%é[éé: 0&)80 C\?(SC$:G(78 GO)’SGO)’SQJO:QJO: (\?o«?ceﬁ O)QGQDO(YSCDO:O']:DéII

(1) Toolpost es0005230:000541 (2) Compound Rest or Top Slide  es0005330: 03 Spindle §a»
BiémBmojeqo3iegoadsgod cp68cqs: (2b) Compound Rest or Top Slide o3 Sn§aeod
aamﬂccoé:%éq@ (3) Cross Slide caooorgagoz o% Spindle cooocf:@ému saogaacqjcﬂo%: cq»oog
9050968 q41 (4) Saddle, (5) Apron, (5a) Handwheel ::oaQ Carriage 00909103 egogp: 932:8¢
Q8§ [so0laopSu
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Machine Tools

(5) Tailstock = 60210600903 W Soeor§0§aEnad0RE S0 n:(G: Bevlodewsadqs Drill

Bitméaoéq$|Center mountméaoécﬁ?é aa[éo: Tool gp: ooéaoécﬁ @501wé||

-

c’eogf: T5 20p5 Spindle [6(3: eqo3:eso05s905c95qs T1 Handwheel o3 oppdeo: qolepSu
Spindle 3203¢:3¢:09 Taper c9d00o:(8: Drill Bit oods0é§culoopdSn T6 Clamp o3 =93:(g3:
TaiIstocko% Bed colgo (310503 egeper c00:§SolaopSi T4 aveon Spindleo?f Headstock%
Offset 9Sq€qS 393:(g0lo0pSn Shaft oxegp&:03 Taper 905 SqE T4 68 mod:fgiolpS

(6) Steady = o330y gpSogpieado  Shaft gpigodeoiqpogé Bed eolgn  oods0é
N
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2.3.ogéésﬁ sac@éooc:nomqo:

ogééac%aoé(?o ?USOO:C\%GQ)O &)Uc),l(?% U)('YSQGO’)?§ GU):QGO’)?@O: 038
< < < N < < < < < < (]
C)O@C[(}: (og&a:cw:o’]m U)(Y)OGC)??O C)O@C[g):) C\)eOODGOO'] :Dell ?moo:cx?cooo
o¢c O < < (] N < N '] <
83(1)08 caooooago:[ég 830)33(71] ?CDOO:GO[%C: [5900 &)ell

Headstock

- .(._;‘E _____
Lathe /

spind'e

- Workprece

2.4, orgéa'?sﬁ sac@ésao%é:saooo

A — SWING
B — DISTANCE BETWEEMN CENTERS
C —LENGTH OF BED

D — RADIUS (ONE-HALF OF SWING)

Lo

REsmoadiel BdoFCiaoo0gPiny BEMH?oi(E emo050lmo3E: 031000l 205

A = Swing (orgéégcoTogé eqorgm:sé @@:a@:mé%éewo 0eom®)!

B = Distance between centers (03¢ §eologé mqodad:onc8ceonn veom)
C = Length of bed (Bed & 3205 )i

D = Radius (one-half of swing)
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oc¢

2.5.033§sﬁ Yo sagogesqc:qp:

j_ Spindie

Live centre
_ U Compound

Head stock 1 Tail stock m

Tool post Canter line of lathe

Dead centre .ﬁf l

I‘:.-|L1[I1-J T %

rest
mnls;?laﬂmrs Cross slide —» | Guide ways r% Rk
_. AT -
P J—
gear box lE ; : .
L &t Foed rod
N
Bed——" | =| L Apron + saddle
\ 7
Longitudinal 1 T—Trarﬁmrse fead
feed hand—— hand whesl
Cabinet”| wheel Coolant tray N\ Cabinet
8 |
' | : el l ] A %

2.5.1. Bed and ways
C o c O < ° [ < < < co _¢ o <
OgC?Gﬁ :D(D(T.? 38*3&)@(.3 38?36(\)003(13’3:@: CD(Y.)GOT?’.) (Y)Q)SICDGE): (fqu)l

co < < '] <
(Zlept] ]=lep ) U)CQGI(D @00 &)ell
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2.5.2. Headstock and Spindle

< < C o < < C co < ° [N <
mmocm?w& %C?Gﬁmmom@e:ogcﬂ[(:}: GQ):G(DO(.:&)%‘),[Q: @00’]3)8“
< [N c O < < < < < < < ~0¢C [~
00#3(»510(’? :Y)OOQ)OGICES(.: O‘J@Gmomm:@): 33@?:33@? G[(}OC:Q)%CGQ)O C\):Doqp:
QoloopSi  00§305q0og¢ (Chuck) g6 orde0é c02:(8: Precision Thrust Bearing [g¢
O‘)éGSDOOSCDO:O']:DéII

2.5.3. Carriage and Saddle
Cross slide, Compound slide §¢ Toolpost 0303 muS§odeologé opS es0005000:(8:

mog@éc\?é@: :xgo:[ééu sacx%saccqpag (Power feed) o0z [éé: qécaooégéo']wéu
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2.5.4. Cross slide and compound
o ¢ O < < [ c ¢ oc¢ < < <
QGGPQC\?O)QDD&?O U)(Y)GOTO&C GCDOC?*('QJ 380:CDO§CGS3OC oo@caoomooo:
< < < < < o _¢ < o _¢ < < < co¢ <
@C:@OO']ODEII (78§GO1C:800.?(7)3)& SGGT.JGDC\?G)GOTU&C or)p_a'caoomooo:@: O?a%CGSBOC
mécaoongooo:o']wén

2.5.5. Toolpost and tools
op:303¢ Cutting Tool 03 or6s0culaopS

WHICH FITS
INTO TSLOT

IN TOP SIDE
ican type toolpost
SCREWS FOR LOCKING
SECURING TOOLS ¥~ LEVER
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2.5.6. Cutting Tool

c\?(c)ci;:eoTﬁmé[g): 6800(753808 Gaooorgelo']eén Gaooogaso:o?s:eqollm G(qo0§0(7§$
6383610']92(‘“

STRAIGHT TOOL HOLDER

TIP

TOOL HOLDER

A

MINGR CUTTING
EDGE ——_

HEEL _

SMALL LATHE /
TOOL
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2.5.7. Lathe Center

0350$or)o§q°>¢%l:§o']a)én Rotating Center 9(?; Dead Center or%@f)@: glorgorgorg:osmom
ogé:‘}ésaoia%cvgooé@): 30§o$o:v3m ogé:g.éaaoi ecoé?) og.qﬁ:co:ooo:o']a)én

acﬁosaéz@l(}
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2.5.7. Lathe Dog

0%5631(’73 qjéogé08$:mozcwo Od.)étﬁs CYR“?$:GO:€1$ 3.?:0133@“

cSdea) ma3:(g)d

2.5.8. Mandrel

< o <

e$aqu§n$ saco']ago']ca)ooo@:qpm? ogcs}coTooéqg saa}:@lo'] ::oéu

ofaquSmaiifld
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2.5.9. Face Plate
6008503 §80n00pSesPRE V9§6LI05E0009p5: qpi03 0gédeolondqs

@a%:@loqwéu

Ggoagﬁsa:é:@l(}
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2.6. Type of lathe (o3¢ $m§jrm00:qp:)

e s ‘ Types of lathe

Y 4
| CNC lathe l

 J

| Special purpose I
v

production I l

¥ ) )
Turret lathe I l | Tracer lathe I | Tool room |athe,etcl
| Capstan lathe I

ogéés@e%l:@m:qp:d% CNC Lathe § Manual Lathe ar%@ §.3§le3;@5:§$§0’]33§»

Manually operated

General purpose

Bench lathe Centre lathe

o C o N N °
Manual Lathe 03 00800200 Dq|PONEgP: 0 32:60Q sacéaa)cmoo‘)cp:mco‘yg

saorioé@éo']:nén CNC Lathe ar%:»égo ogéécﬁ c73$cﬂ|lor)o@<§ 08$:q186w5:§5@§:
BécloopSs

2.6.1. Center Lathe

* Most frequently used lathe (a2a3:qp:e000 03§ mq:3000:)

* Heavy duty (c9Sc§:86a3: 0¢mq:m00:)

* power drive for most tool movements (esa%o%a;é%ésaaoé [élo:féooo:)

* Size range 12”x24” to 24”x48” - can be larger (1’ x 2’ meg 2’ x 4’ co05(03:)
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2.6.2. Bench Lathe

A bench top model usually of low power

used to make precision machine small work pieces
cOoC

0101*&:@): 33(\8;0%01'61;(\%3356330 cveacqﬁ:cooo @Q?éqp:Q?O§CO1QDéII

2.6.3. Tool room lathe

Greater accuracy (3(3: o3

More versatility (3[8: cgoSop)
Wider range of speeds and feeds ([03:09:6000 c9dc§:03 ogié[e§go> 9&<E)

Look like engine lathe (a2éqi€c86§ G60p)
)
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2.6.4. Turret Lathe

Capable of performing multiple cutting operations on the same workpiece
Turning
Boring
Drilling
Thread cutting
Facing
Turret lathes are very versatile
Types of turret lathes
® Ram-type: ram slides in a separate base on the saddle
® Saddle type:
= more heavily constructed
= Used to machine large workpeiceces
It is production lathe
Hex turret replaces tailstock
Multiple tools set to machine part
High production rates
Still may require some operator skill

AN NI NN

Turret Lathe m:qﬁc@ﬁaﬁwé@ a?qﬁochoagﬁqp:ogé cqé[éqﬁcgugono ceoég;é«%écooo
ogéésac%lzsam: @501:Déu

2.6.5. Capstan Lathe — TUrret Head
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. It is production lathe

. Used for light duty work pieces

. Small in size as compared to turret lathe
. It also have turret that replaces tailstock
. Multiple tools set to machine part

. Still may require some operator skill

2.6.6. Tracer/copy lathe

* Hydraulic attachment used to copy the shape of a part from a master.

e lathe that has the ability to follow a template to copy a shape or contour.
* Machine tools with attachments

e Capable of turning parts with various contours

* Atracer finger follows the template and guides the cutting tool

2.6.7. Automatic lathe

An automatic lathe is a lathe (usually a metalworking lathe) whose actions are controlled
automatically. Although all electronically controlled (CNC) lathes are automatic, they are usually
not called by that name, as explained under "General nomenclature". The first kinds of
automatic lathes were mechanically automated ones.
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2.6.7. CNC lathe
Machine Unit CNC controller

% g,-i-ilpqg.a
. G ...'d.i

e Computer controlled

* Wide variety of process capability

*  multiple axis

* Indexing and contouring head

* On- line and off- line programming available

e Computer Numerical Controls (CNC)

* Equipped with one or more turrets

e Each turret is equipped with a variety of tools

* Performs several operations on different surfaces of the work piece

2.7. How to Change a Lathe Chuck (g6 Chuckod o oScdefuoc:adorodsocanad)

ogééogé C\?8c$:sac;§saooo:c;oTﬁooé@: q|(°> (Chuck) o% Gooézcﬁooo%aoé(%
cx%aaéo] ::oéu oécﬂpo&@o ogéécogaaqp:@:ﬁ@: ma‘{uoagcog(ﬁ 3 jaw chuck<7$ 0°6000:[8:
ooa‘ﬁlo)crgeorg “3 4 jaw chuck o>Sconiolm q|5 (Chuck) 03 6@03:05000390&3 IV
a?:qéaocx% a?:%éo]ooén ogééooéd?:(\)ﬁ[c:): C\?(Sc#::co]é:éfcqécq.[c:)#o']m Chuck (73
6@08205090%@8(3 o%saéd]ooéu
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2.7.1. Safety for Lathe Chuck Changing C . . . e . .
c ° ~

e o 00503 or:??cveﬁcm?:aw| [::)l@cewac'}qc PECN: oo‘]ol::aoec[éoc? cceoor:oaaoc:a\)

0§:m qjooo:qo']eall oneuomeunmo  Start / Stop Ieveror? WOQC OMDPIEPIELOI)

:330305 @gqxﬁmé:go saa?éo.?égéo']ooéu saocx?@@ a:%o']oo 8$:or$ @$m5$50133éll

samo.%cj 8$:c§ep§<f: orgé{?cq»cqué: co:cq»o‘]m Main boxn% ca)?aorgooo:clo']eéu

2.7.2. Changing a Lathe Chuck
(1) Pick the right key chuck that fits the screw heads to release them.
orgééogé qjé (Chuck) orc?’ G@oé:cﬁm&‘ao&%sadgng chuck keyorff saaiz@lqo']ep._gu

(2) Using two hands loosen the screws.

Chuck keyorc?’ 33:1?:[5)1[(33: mnggsfxmg@é ooriorff Qé@{d‘iqo']eéu
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(3) Hold the chuck with the right hand and start releasing the screws with the left hand by
turning the key counterclockwise and lining up the screws lines with the chuck lines.

cN O

Chucko% aoonrgmmq.o?éooo:[;}: mugoogmr1§§ 002(73 ccvﬂ?[;}: aa@éa§oqo§o']n

(4) After lining up the screws, pull the chuck with two hands towards the Tail-stock.

oogecy [oSBiaE coosadeased g8 sosc3asely
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(5) To put the other one, with a brush wipe the chuck slot to collect dirt and chips that will

eventually clog the chuck.
< [

< C N ¢ O < < <
qumooogqjon? 00008C :D*ﬂC:GGISSBQCC\?OO']II

= P

(6) Wipe the spindle to make sure it does not contain chips or dirt.
c§20500399/003 ©ndsC 3EReo 0§30 G Sesepo3copd: W §qSieqimeC
[
o.?ooT "
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(7) With two hands, put the chuck back.
¢ ¢ < < ¢ O ¢ O ¢
C\)(D«?OO(DED(.: QJOO? 9[(;): O)OC\?(DO'] ]

(8) Hold the chuck with the right hand and tighten the screws easily by turning the key
clockwise.
20003 00S[6s g6
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(9) Using both hands, go through each screw and tighten it really good.
038800338 0333 &:0n&:E3S[3S [BESaSAl

(10) Rotate the spindle with your hand to make sure it is not vibrating.

crmg[(:sé Spindlecﬁ c\?é@écﬂu o?$9199€1coq$ c:nsﬂooécao:o']n

NN (¥ N e N _ & ¢ 3 3 c-] 3 c o __¢
GOTE)?O?SB c: qloc[c:)oc:mmoaocooomo cgwoi[éqaoq»o :Dall ODODC\?C\?O
3
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2.8. How to Drill Holes on an Engine Lathe Using the Carriage
C o N co ¢ . < < < <
03CR¢q ™ w§o3¢o  Drill ooo[§: saco']mcaomq»a:
. < < C o < < ¢ ¢ . <
Q?q»aao:[ég 03C9¢0 saco']mc(y.)maucqc CO2:0G02PP0 Drill ooo@:
260l 0566005 o']aop_.g'u 33?§é:msor)9 ori:fé?o Drill  bit 005@: 33601(7360005@5:

BSclaopSs

Hid ITFF '
i '"""dli-hmmm.p.,.,,,,M“"

< o < < c O < < ° < [ < < <
@mmo](e%c 33601(7)600(730?6330 oge:oae (\?:O?:OD@? 3 Jaw Chuck?’) momc(ﬂ&)ell
Drill bit 03 op:3¢o o>dsololu Carriage, Cross slide, Compound slide eo303:8: op:0a3
ocC [ N < < o N < '] [y N (‘. [ Y C (‘.
Gaﬁc&)@? GU)-OGU)??O [epléTeplnle oT0n] 9@.(\8(&)%0 Q)ell @@Oa@MC-%*UQ (YOC?-G%
p68&uloopS

2.8.1.(3) Jaw chuck m23:(g|0

(3) Jaw chuck cﬁc{?:o"f»:cwo ogé:qp: orgé{?coTorgé sacxgugmqg ooé%écﬁ»
:33:1%:[5)[0'] wéu chuck key @5 ogécﬁcﬁo']m Jaw :1?§:ne aaoriqzor)crg gcso @c
@560:@5: 0?533@5 @lmq ooocl cxgooorio']ooen 3‘”‘?8 qloooo (\?O§ 16000
ogé:qp:oao sao.}:@l%éo']:nau
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2.9. (4) Jaw Chuck Set up
(4) Jaw chuck o?ecx}:oqﬁ:ca)o ogé:qlou (}99$ch ogé:eﬂo: ogéécoT ¢
ooé%équ saa}:@lo']aoéu chuck key @3 a;écx%ogo']m Jaw oof)?qjé:mo ascx?fm?f)

Indicator set against work in a 4-jaw chuck. A magnetic base works as well to hold the
indicator.

(4) Jaw chuck 0§ $o3¢ [goon:0piaeo3c: mefgogé dadasenoduleao  Indicator
6 q§pdqolopdnt  pésoyéioqéogondeumnadimess  moe  60peod  eodEecrn
99 GOR0GO) waﬁeogmoéo]oaéu cxgoédieocﬁ ﬂé:@cﬂeéu ogé:orff eooés&?o Jaw
cco:qo‘:} saqéa‘{ﬁ;o]u ogé:aaacﬁsam:coTﬁmé@: Jaw cco:a?or% ool ogé:ooé@:
qucorgorff qjdg.?oqlcc::ar??é qlécrg:@é (\?é@: @860:0“ oooSeqporff D OIE0d
@5(\303@&: (7)03000:0“ éo?écm@ﬁ cozoln G.?ocf)a{?: saégemooo@é q°|$[§: @560:01“
m:eéo&:@» cruoogéméooo:c:no ogé:§ 33$:m5000:[§: cocrg@é qlaor% C\?é[(}:
a‘ﬁfp@éo’]u Alignment9$e9$ qlorgqléz 33$301oaéu

qéqujé(fcoTﬁmé[c:): (4) Jaw chuckﬁ.Hs»ooo q.é:cocs:cog m%éo]wéu cq.oorgac}:
co» (4) Jaw chuck 03¢0 09pS:03 center oqesdan odqc:(govlaopSt oyé:ogcep Sgoadod

c oc¢ <

[§$eoomo:(}c$016 og§§§ c\?oo?co']qlo:oiooe ogééomé:qécoogoo]éu
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CHAPTER (3)
MILLING MACHINE

3.1. Introduction to Milling Machine (805s0053)

Milling Machine s§o0pS¢o ocdox:[gé: (Machining) o3¢  m@eordmaj:odeano
oodm3200:(g00l0pS 1 3Cseom  90500:dqepd 0gpSim  pSoodesd:  eson05g0im
QO:GO:ESé: [59501&)é|| GG:CDé:?OGOO? ?Ogmzéqeé ogé:m Gaqo:@m:éqo’]wé“

< < [+ Co N ° C < o < < o < <
COICOCIOMEPIN) 03C0PIPOP aac[éao)mm:(fcogaaogm eﬂe[(__go)omsaquzsaoo: [gso)oboeu
3.2. Milling machine § o960 C\?(Scxcho']oocﬁu
(1) Peripheral Milling

Cutter axis parallel to surface being machined
Cutting edges on outside periphery of cutter

30(7300:@»@:009039 Cutter oo :120$§:?o qu)ééméoogc§[§): Workpiececﬁ Qorgoo:cmcaé:
BSclapSs
9orgq|c73u nWorkpiece aﬁwécfo §o§m:c$0wosasp

Cutter s320p5¢5 g0>e0ie000mep  Cutting Tools

Cutter
Speed motion

Workpart

(a)

(2) Face Milling

Cutter axis perpendicular to surface being milled

Cutting edges on both the end and outside periphery of the cutter

gacﬁm:§é:mem? Cutter o °‘2°‘$€l‘?° ea'lécx%agméoogc‘?@: Workpiece or% e?ovgo)o:

cofgé: [s6laopS

Speed motion

Workpart
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(3) Slab Milling

Basic form of peripheral milling in which the cutter width extends beyond the workpiece on
both sides
gacﬁmz‘apé:mem? Cutter oo °i°$€l’?° eq@ééméooéeep@: Workpiece “3 qorgoo:c;a[‘aéz
G808

5

(3) Slotting
Width of cutter is less than workpiece width, creating a slot in the work.

gmcﬁm:§é:mcm? Cutter oo Workpiece oocrgcoo:cug[g): Slot c[éoé:co%spogé a}:o']ooéu

A, }—

(4) Conventional Face Milling
Cutter overhangs work on both sides.
gacﬁm:§é:mem? Cutter o Workpiece ooorg@:@: qlcrg.?o@ém:cacaé: @50']wéu

i
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(5) High speed face milling using indexable inserts

SoaSeoigpS:aneony  High Quality Cutter o3 =93:[g8: Workpiece  gqiodgofoCon: eogé:
E’éo'lwéll 0(7300:@: q(ﬁ?’)@é&)é @qé@c%:c(mé:(ﬁ qﬁo’]wéll

(6) End Milling
Cutter diameter is less than work width, so a slot is cut into part.

End Milling 005 e0:8p5:a0e00p  393:qp:@: Workpiece  gjadsofuceolen  slot cslgiceaomesl
®23:(goloopdn Cutter aveoop  end mill 393:(gjol oS

P

(7) Profile Milling

Form of end milling in which the outside periphery of a flat part is cut.

Profile Milling oo300:gp5:00e0% Workpiece  godsofoceolen o600 deslgceanomesl
®@ad:fooloopSn Cutter aneoop end mill mo3:(gjol oo pS
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(8) Pocket Milling
Another form of end milling used to mill shallow pockets into flat parts.

Pocket Milling ooSeo:gpS:meodp  Workpiece qodsofoceolen  shallow pockets
c}c@quécooosaa'] saaiz@loboéu Cutter ameoop end miIIsaa?:@lo']ooén

(9) Surface Contouring

Ball-nose cutter fed back and forth across work along a curvilinear path at close intervals to
create a three dimensional surface form.

gocﬁm:q»é:mcm? end millo% 33:1?:[(:)[[(:3: Workpiece q|<7§§o[(:)éﬁ$ cx%aaaooo.%oo: co@é:
@50133én 0(7300:@: qlo'gqo[;)éoaé @qésaeog:cmoé:d% qﬁ(ﬂ&)én

(10) Gear Production
o Q. c O L1 [~ C .OQ '] <
GG.COC.O(DG?&?.[(:). OOOOGOg ?ODOO.QCO :Dall
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(11) T-slot Milling

Ge:méwcﬁa‘%a%:@: as[éo:cdgsswécog oqorga?(c)or}ass']cfo a}:o']oaéu ocoem§iee: end mill
o?fa?[(} slot @qéco%qo]ooéu [(:3:9 T-slot milling cutter :1?[(:3 T—SIOtcoT[éé: [(__)930']:>oéu

Form-generated surface

3.3. Type of Milling Machine (ce:coé:oogsa(%l:sam:qp:)
(1) Column-and-Knee Type Milling Machines
Schematic illustration of

(a) a horizontal-spindle column-and-knee type milling machine and
(b) vertical-spindle column-and-knee type milling machine.

Work
Head table

Qverarm

Arbor
Column
Workpiece
T-slots

Work table

Saddle

Knee

(@)
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(2) Bed-type Milling Machine

Schematic illustration of a bed-type milling machine.

Spindle carrier

|
|
|
| Workpiece

' Table Bed .

(3) CNC Vertical-Spindle Milling Machine

A computer numerical-control (CNC) vertical-spindle milling machine. This machine is one of
the most versatile machine tools. The original vertical-spindle milling machine used in job
shops is still referred to as a “Bridgeport”, after its manufacturer in Bridgeport, Connecticut.
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(4) Five-Axis Profile Milling Machine

Schematic illustration of a five-axis profile milling machine. Note that there are three principal
linear and two angular movements of machine components

Column

Workpiece

Table

Base

3.4. Horizontal Milling Machine
Horizontal Milling Machine 03¢ s28moloeano ®80533E:qpi¢0
(1) Overarm

Overarm

Arbor
Worktable

GEHET N Speed motion

Column Saddle

Knee

Feed
~+———— Base

(a)

(2) Arbor
@omar??ooo Cutter 09590533@5@: méoo%saom% GefSeoa'SmG§ uno']ooén

Page 40 of 62



Machine Tools

(3) Cutter

m(Soooa?fooo a?orgoozeé Cutting Tool @5[(3): o.%aaaoocx% c[(}oézcﬁmf)aoé Qorgoo:q
o']aoéu
(4) Column

[ [N < < < ° o ocC N < N C [

COVOENOD  GOICOCIOM N OIYIMN ooq.:ooo:o?cﬁp[(:w@: IPOORC GO0
ooﬁaoéooo:&ooéu
(5) Base

o C < < . o < o ¢ '] <
GQ_)GQU)O GG:C\)C:Q(DU)Q?(\?:(Y.? GGBO(DG@? oo§:ooo:o Obell

(6) Worktable
o']coomﬁaﬁooo qo%m:o%caoo Workpiece 00&3[;95@: 260163003 G@):O%O’SI

cglc§0<7§| saéqlé °<»oo$ X axis, Y axis, Z axis 33033: ::go:%éo'] ooé 1

(7) Saddle
< c o "I ¢ O X . O(‘. .O(‘ < < .'] <
VM3 0]eo0vwo0y X axis BoYC: 939:4CEIOC 0QO002:0l RS I

(8) Knee
$:ar$oao ol eooooéa% Y axis & Z axis saeoTesaoaglsaogézsa@é 390%3: agozgécaaoé

C\?(SCD’J:O]:D@QII

3.5. Vertical Milling Machine
[ 3 3 e . o . o< c__ ¢ (3
voo>mudcercvciommeny Cutting Tool oy  Vertical sa0jc: o 650¢ 0000l 2051

®(go:38mmagodeoymeony Horizontal Milling Machine § seonSopulaopdt

Speed motion

Head

Column
Worktable

Cutter
Saddle

Knee

Feed

(b)
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3.6. Milling Tools and Cutters

There are a variety of mills used, the most common being face mills and end mills
o End mills are either HSS or have indexable inserts
o End Mills come in a variety of geometries
* Plain End Mills
* Shell End Mills
* Hollow End Mills
co:c0C:005§03(G: 23:03 Tool oyl Cutter oy @§|ra00:qp:goq(3: 38anm0:(sé face mills
and end mills 03 (eo0loopSn end mills o c0dgqc Plain End Mills, Shell End Mills, Hollow
End Mills o3 [¢o0loopSu
3.6.1. End Mill Geometry

-—2.76 —=

FIGURE Solid end mills are often coated. Insert tooling end mills come in a variety of sizes and
are mounted on taper shanks.
3.6.2. Facing Mill Geometry

Face mill

Stub arbor mounting

FIGURE Face mills come in many different designs using many different insert geometries and
different mounting arbors.
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3.6.3. Side Milling Geometry

Radial relief angle

Peripheral cutting edge

Tooth face

Clearance surface
Land

Clearance

sudace\

Radial
rake
angle
(positive
shown)

or gullet

Solid profile
milling cutter
(staggered tooth side shown)

FIGURE The side-milling cutter can cut on sides and ends of the teeth, so it makes slots or
grooves. However, only a few teeth are engaged at any one point in time, causing heavy
torsional vibrations. The average chip thickness, hi, will be less than the feed per tooth, ft. The

actual feed per tooth fa will be less than feed per tooth selected, Ft.

3.6.4. Arbor Milling Geometry

Slots for spindle
B, drive keys

Shank with
/ #50 taper

cutter tooth

Drive key

Arbor bearing surface
for outboard support

FIGURE Arbor (two views) used on a horizontal-spindle milling machine on left. On right, a
gangmilling setup showing three side-milling cutters mounted on an arbor (A) with an outboard

flywheel (B).
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3.6.5. Helical Mill Geometry

Solid helical Helical rake angle
plain milling cutter  (|.h. helix shown)
L . ot

//

Helical teeth f— Face width —

FIGURE The chips are formed progressively by the teeth of a plain helical-tooth
milling cutter during up milling.

3.6.6. Relieved Milling Cutter Geometry

Radial rake angle
~— (positive shown)

Radial
relief Tooth face .
angle 4 Axial
relief
angle
Offset
Fillet
Flute
Tooth
Solid form

relieved milling cutter

FIGURE Solid form relieved milling cutter, would be mounted on an arbor in a
horizontal milling machine.
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3.7. Dividing Head / Indexing Head / Sprial Head

B

Workpiece 056 sﬁ

]

X\

Indexing Head a?fooo co:coé:oorgcjl

0339863)'33060]'@0%39(7{](\?80%80'] aoé 1} EOQOII

830%33(7?]08(73[(:3: C\?éGOSGIO'] &)é ] 8000:130:

o] eonooSeol!

Machine Tools

An indexing head, also known as a dividing head or
spiral head, is a specialized tool that allows a
workpiece to be circularly indexed; that is, easily
and precisely rotated to preset angles or circular
divisions. Indexing heads are usually used on the
tables of milling machines, but may be used on
many other machine tools including drill presses,
grinders, and boring machines. Common jobs for a
dividing head include machining the flutes of a
milling cutter, cutting the teeth of a gear, milling
curved slots, or drilling a bolt hole circle around
the circumference of a part.

6o o3 a@adigoloopSn  workpiece o3
-] o _¢ ¢ o0 ¢ < o ¢ N O
] O(DOQU)Q(D@ (¢ U)(D*Qso:@o’)@(\)qm

G o ¢ ¢ o '] o ¢ e
‘\) :130: 00)98&?0(7) 0)000)3303(7) 00

S0dmomoycpsdioloopSt oaasqoSom cgaddloopss

For example, if a machinist wanted to
index (rotate) his workpiece by 22.5
degrees then he would turn the hand
crank two full revolutions plus one-half of
a turn. Since each full revolution is 9
degrees and a half-revolution is 4.5
degrees, the total is 22.5 (9 + 9 + 45 =
22.5). The one-half turn can easily be done
precisely using any indexing plate with an
even number of holes and rotating to the
halfway point (Hole #8 on the 16-hole

ring).

Brown and Sharpe indexing heads include
a set of 3 indexing plates. The plates are
marked #1, #2 and #3, or "A", "B" and "C".
Each plate contains 6 rows of holes. Plate
#1 or "A" has 15, 16, 17, 18, 19, and 20
holes. Plate #2 or "B" has 21, 23, 27, 29,
31, and 33 holes. Plate #3 or "C" has 37,
39, 41, 43, 47, and 49 holes.

INDEX PLATE  WORM SHAFT  WORM SINGLE
THREAD

2850301 wpdeoic§oddlonadt Ga3Ges

00002202 9[;)$$é€lé §’.’):9 COé?O
%:C\%O'] ]
EOGOII IIJJ.S gOglC\?éqléd)Qg 8!80'16"

cMieaqod  oadmEernind 060o5md(0pd
S??Gléc e gO?l(\)éQg;): o']ooéuc JJQ.?
Sodqqs (gre+s-9) R} co gdclody
cq.oagooéooéoﬁg C\?é GO:GIO :Déll
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CHAPTER (4)
DRILLING MACHINE

4.1. Introduction to Drilling Machine (ew2050058055003)

RCssmop  oleqpaden  efe(ydocdomsdimeory  Drilling  Machine ewoa3§
BooloogSn ojegaom gSon cqSleber coSe3EREd)
sag‘c.\gsaoo:(%lzdg o?orgcx?f)@[c}: cocrgox%éa?u @ogooéa}:l @5:@)8038 %éégompé
Gaoocrgooo:eoaoemcﬁégqusaog mﬂcﬁ@sgo esaéz@l@oqwéu

opdI  eso0ddmeny  doq|d

4.2. Type of Drilling Machine (eeoadoo5eq:q:)
4.2.1.m0§0$33§:60005003

0503€23:66005005¢0:03 0GP AETRE0I I GG TIEEPE0FYI!  V§EI00
96oyesepecgeo  ogcogcoqudoqed  ®adigoladpdt  ogdesfsé  a3:dad  omaSco§§ol:

U)OC\)é: ?10'] :Déll

ooc.\gooe‘ia}: MO
< < c -3} < < < ¢ ¢ ° c
9OOq|Od Il 1D WM sao:@q»ogc:co:q[;}: sao:q.e:cwocqocq»:cog@osaoq:@ldoop_qu
4.2.2. Magnetic Drilling Machine
asc[éorgé 35&%03@003333:%3@: :ﬁooésogcoT?o ooé@:emcrggéeoao Magnetic

(] <

Drilling Machine o3 Steel Structure o§ c9dcg:eo390 ®3:qpiolaopSu
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4.2.3. Up Right Sensitive Drilling Machine
sao.}:qp:cwoodgaaéﬂlzsam:@og@: o.}:@qogugaioa@é qpPiqpPio2ie: ecq:coo?o'] I

4.2.4. Up Right Drilling Machine
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4.2.5. Radial Ram Drilling Machine
o <

gcqom@:cogmcm'g sa@:oo:ogé:o?ogcqécooo onrgq'l@:cog?o saaiz@lo'boén
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4.2.8. Micro Drill Press
ryr

4.2.10. Laser Drilling Machine
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CHAPTER (5)
SHAPING MACHINE (SHAPPER)

5.1. Introduction to Shaping Machine
Shaping Machine s§o0pS¢o a3c0pdae(6:00p5qp:03  egPaadqcedpsiemnd:!
< < [N < c O < < N ] o [ o ° oc¢
GE)OC:GGO@C:I qm.;o@c&u[éc: 0PI CQOC§ICRMY QIPOVN saoq:@ﬁceoao

< [o] [N '] < < < < < < < coC
0(7)83(-{".:330)0: [(__)900 ooeu CD(T)GO;OgCﬁ SCDCD[(__)SlCD :DCO)O(ﬁIED(.: GGOCh?Ct?CGOOO
Q)('YS(%[:E?Q%O'] Obé ]
i
~
TOOL FEED HAMDLE GRADUATED
- conaR RAM CLAMPING NUT
CLAPPER BOX — A '
TOLLPOST — “ y SCALE INDICATOR
a J
e __ CLUTCH HANDLE
TABLE _ - .\“\< —.
. — B —
\
ADJUSTABLE SLIDING ) 4
SLPPORT i
— CROSS TRAVERSE |—
h = [N\ o— HANDLE
| By ViRyan
tool
work
G
esired flat surface
CM D __| FM
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CHAPTER (6)

HOBBING MACHINE
6.1. Introduction to Hobbing Machine
Hobbing machine 95009_5?0 gmoqogcqécwoocrg@é[(}: ooo:oorg@ qooo:o)orgq
Swoeooogcdgénl emwoéoqo%ccheoaoengq'll eaoocrgcq5eq:cq50$:a§:005090’3(\?5661:0055'1603

?O 3(»04%[:@ C\HjéC\mé@$@$(X?USGO:GODOOOS$€%FS’BQOS @60133éll

39000501(}033 LIEBHERR CO., »» oqo%cqf)eoao Model-LC 200-500 The Hobbing
Machine ¢ @50']wéu

6.2. Type of gears
6.2.1. Spur gear

Spur gear 8(.\)095009_‘590 3(»0:130:0% o$§:§@@é?ogooo:cwogwosaé)"wam:@o%@:
393%:%0263308&0394”:%00:@5010béll

Spur gear 800000563033 ccﬁeoaogwoci?f Pinion cx%esT@: @:eoaogooocr% Gear
cx%ceT oT::oéu cx%cwoméoog‘i;:cogqﬁ(%saog(ﬁ Smogozsacqsaogcﬁo?f orgorgqlorgsl&ooén
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6.2.2. Helical gear
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6.2.3. Bevel gear
Bevel geargwoaffoaégo ea']ézcx%cr.%o)éoo%aao:cﬁ eq@cem@omm:@
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6.2.4. Gears
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' o
Spur Gears Spiral Bevel Worm Gear Set
Transmissions Gears Gears Gear Reduction Boxes
Industrial Equipment Industrial Equipment
Some Differentials Some Differentials

Hypoid Gears  Planetary Gear  Helical Gears Herringbone

Differentials Set Transmissions Gears
Transmissions Transmissions
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6.3. Model-LC 200-500 The Hobbing Machine

6.3.1. The Machine Concept

In gear manufacturing, the technology of high-speed dry hobbing has substantially
reduced cutting times and machining costs while increasing workpiece quality and environmental
protection. Originally introduced by Liebherr, this process has met with tremendous success. The
new demands of this modern technology include higher hob and table speeds, reliable removal
of the hot chips, and machine-wide management of the considerable process heat. The proven
machine concept also offers a number of significant new developments: the completely
symmetrical design of the machine’s structural components and the closed oil-circulation loop in
the machine bed assure an extremely uniform temperature distribution and therefore thermal
stability — important for consistently high workpiece quality.

To take advantage of the substantially lower machining times of high-speed hobbing,
fast load and unload cycles are required. With the newly developed automation system, the part
change time is less than four seconds. Modular workpiece storage units expand the machine
periphery. In the development of the overall machine concept, the “lean” philosophy was a
central issue. The new generation Liebherr machines are compact, fast, reliable and competively
priced. The future belongs to the new technology of high-speed dry hobbing. We are making a
decisive contribution to this economically and ecologically important development.

6.3.2. The Machine Bed

The rigidity of the machine structure was optimized using FEA simulation. Steep side walls and
two integrated chip augers offer efficient and reliable chip removal. This is especially important
for dry cutting.
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6.3.3. The Hob Head

A maintenance free direct drive AC motor is used for the hob spindle. Drive power up to
27 kW and speeds up to 3000 rpm offer large reserve capacity for future tool developments. For
very high torque requirements the hob head is equipped with a reduction gear drive. The tool
interface is offered either with a hollow shaft taper (HSK), a collet or a steep taper (ISO).

L

6.3.4. Integrated roll deburring and chamfering

Roll deburring and chamfering of the gear teeth, with removal of secondary burr, is
suitable for bore and shaft parts. The deburring and chamfering operation is parallel to the
main cutting time.
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6.3.5. The Controls — Intelligence from Experience

In standard, the machines are delivered with Siemenscontrol in connection with Siemens-
drives.

The essential features of these advanced controls are:

¢ PC based control technology

e digital drive technology

¢ integrated PLC

¢ advanced field bus systems (profi bus)

¢ TFT flat screen

¢ optional network integration

e dialog input tailored to gear machining

* Teleservice

¢ Diagnostic tools

With these customer-oriented options, we satisfy the demands of the international markets.

6.3.6. Versatile Workpiece Handling

The tailstock column enables manual and automatic loading / unloading of bore- and
shaft-type parts for dry and wet machining. The workpieces may optionally be clamped table-
side with high clamping force or — for shorter cycle times —with an NC tailstock arm. Liebherr
offers automatic loading/unloading and storage systems for a wide range of workpieces.
Furthermore, the machine can be integrated into cell or line concepts. The machine offers quick
change-over possibilities for flexible use via a quick change system for workpiece gripper and
fixtures.
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6.3.7. Technical Data

LC 200 LC 300 LC 380 LC 500
Max. workpiece diameter mm 200 300 380 500
mm 712 7(12) 7(12) 7(12)
Max. axial travel mm 600 600 600 600
Table diameter i 180 250 320 320
Table speed rem | 100/200/400 | 100/200/400 | 100/200/400 | 100/200/400
Center Distance between hob and table min. mm 15 15 15 5
max. mm 400 400 400 400
Hob-head sw!vel Sh!ﬂ 200 mm degress +- 45 +/- 45 +/- 45 +/- 45
Hob-head swivel Shift 300 mm +/- 35 +/- 35 +/- 35 +/- 35
Max. shift/tangential travel mm 200/300 200/300 200/300 200/300
Max. hob diameter mm | 160 (220°) 160 (220°) 160 (220°) 160 (220°)
Max. hob length mm 230/330 230/330 230/330 230/330
Axtial rapid travel mm/min. 10,000 10,000 10,000 10,000
Radial rapid travel mm/min. 7,500 7,500 7,500 7,500
Tangential rapid travel mm/min. 3,000 3,000 3,000 3,000
Hob-spindle speed ranges rpm 500 500 500 500
rpm 750 750 750 750
rpm (1200/1500/3000(1200/1500/3000(1200/1500/3000(1200/1500/3000
Cutter-spindle drive capacity kW 14/27 14/27 14/27 14/27
Total weight of machine with tailstock column ca. kg 16,000 16,000 16,000 16,000
Total connected load ca. kVA 35-50 35-50 35-50 35-50
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CHAPTER (7)

CNC MACHINES
7.1. Introduction to CNC Machine
CNC &820p5¢o Computer Numerical Control §aeo3emoa3(ss(@: Machine Tool cogad

Computer § oB§:qSeenc:sl[gc:lsdcloopSn  Computer Programming § godes:cdeonn
Ogé:(?% 33618 0%06159613610’]3)89" 8@0$:?€)GOO? GO)’SGO)’SQJO:QJO:GGI:GI?O EMQ)O']:JOéII

GC\?C\YJC\%&RQJO: @é:@é:qé: 00538020']" aao%é:aamméqcm? S'BG@é 61380301(\%568?“

7.2. Type of CNC Machines
CNC o8§:q)5eeoc:8030ade0go0p5  Machine Tools cogooosm  oomudm§oqodoiens

cogcrc?’o'] méaoésaa}:@lmo@o']wéu CNC oggijléceoéz§éo}ocrgcogmcm? GGBOCYS?’.)
GGTE‘)ooo:o'] ob) é "

(1) Drills

(2) EDMs

(3) Embroidery machines

(4) Lathes

(5) Milling machines

(6) Canned cycle

(7) Wood routers

(8) Sheet metal works (Turret punch)
(9) Wire bending machines

(10) Hot-wire foam cutters

(11) Plasma cutters

(12) Water jet cutters

(13) Laser cutting

(14) Oxy-fuel

(15) Surface grinders

(16) Cylindrical grinders

(17) 3D Printing

(18) Induction hardening machines
(19) submerged welding

(20) knife cutting

(21) glass cutting
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7.3. Machine Tools Producer Country List

Producers of Machine Tools
Change Change
2012 (est.) 2011 (rev.) in local in U.S.
Country S-Millions % Cut % Form $-Millions cumrency  dollars
1. China, Peoples Rep. 27,5400 67T% 33% 28,270.0 5 -3%
2. Japan 18,2529 &T% 13% 18,326.6 D% 0%
3. Gemany 13,6229 T4% 26% 13,373.7 10% 2%
4. Korea, Rep. of 5,705.0 73% 27% 5,754.0 5 -1%
5. Italy 56677 50% 50% 59126 4% -4%
6. Taiwan 5,430.0 B54% 16% 5,160.0 5% 5%
7. United States 49832 T4% 26% 4 676.7 5 7%
8. Switzerland 3,199.3 B85% 15% 36070 -6% -11%
9. Spain 1,060.3 B5% 5% 10726 7% -1%
10. Austria 1,032.0 53% 47% 9711 15% 5%
1. France B805.8 B4% 3B% B55.6 2% H%
12, Czech Republic T25.4 B0% 20% 646.0 25% 13%
13. India T20.7 88% 12% BE0.0 -B% -18%
14, Canada c693.0 1% 39% cB639.3 B% 8%
15, United Kingdom 5408 E5% 34% 7315 -10% -11%
16. Turkey 549.0 24% TE% 653 4 7% -2%
17. Brazil 5432 81% 19% B91.3 5 -28%
18. Netherlands 4023 20% B0% 4076 7% -1%
19. Belgium 2969 20% 80% 35T S -10% -17%
20. Russia u263.0 41% 59% 263.0 0% 0%
21. Sweden 201.8  38% 62% 218.4 0% -8%
22, Finland 185.1 20% B0% 196.2 2% -6%
23. Australia 155.0  90% 10% 150.0 § 3%
24, Mexico cl22.4 58% 42% c122.4 1 0%
25. Denmark u70.0  40% 60% 76.5 0% -8%
26. Portugal 46.3 44% 56% 201 0% -8%
27. Romania ud42.5 71% 29% ud2.5 5 0%
28. Argentina 36.4 53% 47% 324 1 12%
Total 93,205.4 94,344 .1 1%

7.4. International Standard for CNC Machines

CNCoodeopay &Eéeuléidl mpgadeolCidm oadqdopodapbeqpliqegeon o23:8a3
eogmeolelgeoqs §SEoomn  Standard ooy 0od¢odqoloopdn @Bslodeory ISO 14649
(STEP-NC) Eséo]a)éu saqé\o?g:m ISO 14303 (STEP) ooecs G[(__))oé:cﬁmomo[(__gé@):
@aggoqudfggol opSu

7.5.CAD / CAM
CAD = Computer Aided Design
CAM = Computer Aided Manufacturing
C S ¢ ¢ ~ C < < < <
CNC 0mo60R§ 000G 028 0p2§0eoRMe0p CAD / CAM @0@: sar.\gepcqlw@§
oT::oéu

7.5. CAD Computer Aided Design

CAD may be used to design curves and figures in two-dimensional (2D) space; or
curves, surfaces, and solids in three-dimensional (3D) space.

CAD is an important industrial art extensively used in many applications, including
automotive, shipbuilding, and aerospace industries, industrial and architectural design,
prosthetics, and many more. CAD is also widely used to produce computer animation for special
effects in movies, advertising and technical manuals, often called DCC digital content creation.
The modern ubiquity and power of computers means that even perfume bottles and shampoo
dispensers are designed using techniques unheard of by engineers of the 1960s. Because of its
enormous economic importance, CAD has been a major driving force for research in
computational geometry, computer graphics (both hardware and software), and discrete
differential geometry. The design of geometric models for object shapes, in particular, is
occasionally called computer-aided geometric design (CAGD).
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7.5.1. CAD Softwares
The following are open sources products used widely: 2D/3D modelling

e Art of Illusion CAD Software

e Blender CAD Software

e CADKEY CAD Software

e FreeCAD CAD Software

¢ KeyCreator CAD Software

e BRL-CAD CAD Software

e OpenSCAD CAD Software

¢ ImplicitCAD CAD Software

e pythonOCC CAD Software

e CADEMIA CAD Software (open source community edition no longer maintained)

e OpenCASCADE CAD Software (very powerful CAD library which serves as base for
applications, e.g. FreeCAD)

2D modelling

e LibreCAD CAD Software
e (QCad CAD Software

7.6. Sample Software (FreeCAD)

FreeCAD is a free and open-source (under the LGPLv2+ license) general-purpose
parametric 3D CAD modeler. FreeCAD is aimed directly at mechanical engineering and product
design but also fits in a wider range of uses around engineering, such as architecture or other
engineering specialities. FreeCAD is currently in a beta stage of development.
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7.7. CAM Computer Aided Manufacturing

Computer-aided manufacturing (CAM) is the use of computer software to control
machine tools and related machinery in the manufacturing of workpieces. This is not the only
definition for CAM, but it is the most common: CAM may also refer to the use of a computer to
assist in all operations of a manufacturing plant, including planning, management,
transportation and storage. Its primary purpose is to create a faster production process and
components and tooling with more precise dimensions and material consistency, which in some
cases, uses only the required amount of raw material (thus minimizing waste), while
simultaneously reducing energy consumption. CAM is now a system used in schools and lower
educational purposes. CAM is a subsequent computer-aided process after computer-aided
design (CAD) and sometimes computer-aided engineering (CAE), as the model generated in CAD
and verified in CAE can be input into CAM software, which then controls the machine tool.

esaoag(?o[éooo:sa)oc}ogé weoTc}aoé CAM software @3 83 00016200 SDQ@a%@:
e 0B MO0e0>p CNCoad§ 90500:000:6200 09p5:) [gdoloopSu

7.7.1. CAM Computer Aided Manufacturing Softwares

The top 20 largest CAM software companies, by direct revenues in year 2011, are sorted by
revenues:

e  GibbsCAM CAM Software

e Dassault Systemes CAM Software

e Siemens PLM Software CAM Software

e Delcam CAM Software

e Vero Software CAM Software

e PTC CAM Software

e Tebis CAM Software

e Open Mind Technologies CAM Software
e Cimatron CAM Software

e C&G Systems CAM Software

e Autodesk — HSM CAM Software

e Missler Software TopSolid CAM Software
e CNC Software CAM Software

e CG Tech CAM Software
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e DP Technology CAM Software

¢ SolidCAM CAM Software

¢ SesCoi CAM Software

¢ NTT Data Engineering Systems CAM Software
¢ Nihon Unisys CAM Software

e BobCAD-CAM CAM Software

e Geometric Technologies - CAMWorks CAM Software
e SharpCam CAM Software

e Surfware CAM Software

e Dolphin CAD/CAM USA CAM Software

e Global flight CAM Software

e RoutCad&RoutBot CAM Software

7.8. CAM Computer Aided Manufacturing Sample Software
7.8.1. Delcam Software

Delcam is a supplier of advanced CAD/CAM software for the manufacturing industry.
The company has grown steadily since being founded formally in 1977, after initial
development work at Cambridge University, UK. It is now a global developer of product design
and manufacturing software, with subsidiaries and joint ventures in North America, South
America, Europe and Asia with a total staff of over 800 people and local support provided from
over 300 re-seller offices worldwide. It was listed on the London Stock Exchange until 6
February 2014, when it was acquired by Autodesk. It now operates as a wholly owned,
independently operated subsidiary of Autodesk.

7.8.2. Advanced Manufacturing Solutions
7.8.2.1. PowerSHARE

Is a 3D CAD (Computer-aided Design) solution that runs on Microsoft Windows which
allows for the design of 3D complex models using surfaces, solids and triangles. The software
allows for the import of 3D point cloud data to reverse engineer 3D models. PowerSHAPE is
used for a variety of applications including Modelling for manufacture, electrode design, mould
and toolmaking. The code of PowerSHAPE originates from the DUCT software.

Render of 3D model assembly on PowerSHAPE.
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3D model of a Pump from PowerSHAPE
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