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COMPUTERAIDED DESIGN AND MANUFACTURING
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Rationale: Manufacturing of this century belongs to computerized equipment & machine tools to manufacture a variety

of components with high quality, high precision & low cost at a faster rate. Commuter Aided Designing
Computer Aided Manufacturing & Flexible Manufacturing Systems—all are the part of Computer Integrateé
Manufacturing which help to achieve the desired goals in manufacturing. After studying the subject, the
students will be able to know about these integrated techniques which help a manufacturer to achieve hisg
goal with in stipulated time.

Learning Qutcomes

At the end of the course, the students will be able to:
know about Computer aided design and manufacturing.
know the process of 2D & 3D transformations.

know the method of viewing objects in 3D space.
know about CNC operations for turning and milling.
understand about tool path generation and verification.
know about flexible manufacturing system.

know about Rapid Prototype additive manufacturing.
know about robotics.

SUGGESTED DISTRIBUTION OF MARKS

S. No. Topics Time Allotted Marks Allotted
(Periods) (%)
1. Introduction 08 15
2. SurfaceISoIid Modelling Using CAD/CAM 08 15
3. Viewing Objects in 3D Space 08 15
4. CAM (Computer Aided Manufacturing) 10 16
5: Flexible Manufacturing System 08 15
6. Manufacturing Applications—Rapid 06 09
Prototyping
7. Robotics 08 15
Total _— 56 100
DETAILED CONTENTS
1. Introduction ; (08 Periods)
1.1 Introduction to CAD/CAM/CIM

2. Surface / Solid Modelling Using CAD/CAM
- 2.1 Introduction to parametric and non-parametric surfaces.
2.2 Creation of simple surfaces using revolved surface, ruled surface and 3D surface

1.2 Advantages of CAD/CAM

1.3" Product Cycle and CAD/CAM

1.4 Automation and CAD/CAM

1.5 Reasons for implementation of CAD/CAM
1.6 Steps involved in CAM operation.

(8 Periods)

s commands.

2.3 Designing Software used in creation of solid models.
2.4 Concept of solid models.
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2.5 Solid Primitives—Box, cylinder, Cone, Sphere, Wedge and torus.
2.6 Construction of solid using Region, Extrude and Revolved feature.
2.7 Creation of Composite solid using Boolean function e.g. Union, Subtraction and Intersection.
2.8 Sectioning of Solids and modification of solid edges and faces using solid editing commands. Shell, Separate
commands. .
2.9 Performing 3D operations like 3D array, mirror and rotate.
210 Creation of fillets and chamfers.

;2.1 Dimensioning of solids.
~2.12 2D and 3D transformation: Translation, Scaling, rotation, mirror, zooming, panning and clipping.

L ';Iiewing Objects in 3D Space

3.1 Viewing the objects in different views.

3.2 Concept of SW, SE, NE and Isometric Views.

3.3 View Ports.

3.4 Layout, changing from Model to Paper space Layout.

3.5 Arranging the Drawing showing different views to get the hard copy.

3.6 Plotting the drawing.

. CAM (Computer Aided Manufacturing)
4.1 Setting up the jobs, defining the operation, creating geometry.

4.2 Specifying the tools, machining parameters and type of machining.

4.3 Back plotting and verification of operation.
4.4 Post processing—Converting the generated tool path in NC code depending on the system.

4.5 Setting up the parameter relating to communication like transfer.of programs to CNC machine.
4.6 Transfer of drawing data from any CAD software to CNC MIC and generation of G-codes, M-codes.

(08 Periods)

(08 Periods)

(10 Periods)

. Flexible Manufacturing System

5.1 Introduction.to.EMS.

5.2 Principles of flexibility,-changes in manufacturing syste
flexibility, machine flexibility.

5.3 Features of FMS—production equipment, support system, ma

5.4 Advantages & limitations of FMS.

m—external changes and internal changes job

terial handling system, computer control system.

. Manufacturing Applications—Rapid Prototyping (06 Periods)

6.1 3D printing

6.2 Fused deposition modeling

6.3 Laminated object manufacturing
6.4 Selective laser sintering

6.5 Stereo lithography

6.6 Ball 3 to 2 particle manufacturing

. Robotics (08 Periods)

7.1 Introduction to robot

7.2 Robot configuration

7.3 Robot motions

7.4 Robot programming languages

7.5 Work cell;-control and interlock, robot sensors

7.6 'Raobot applications

LIST OF PRACTICALS
Performing 3D operations like Array, mirror, rotation, translation using solid works.
Performing 3D operation- panning, zooming, clipping etc.
CNC Programming for turning operation.
CNC Programming for pocket milling. .
CNC Programming for profile milling.
CNC Programming for facing and drilling.
Performing operation on trainer Lathe.
Designing of Simple machine components.
Designing of Crank shaft (Connecting Rod).
Performing simple assembly operations like- nut, bolt, coupling etc.
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1.1. CAD/CAM/CIM AT qﬁ'ﬁ'ﬂ (Introduction to CAD/CAM/CIM)
1.1.1. =g (Introduction)

W@ﬁm%miﬁmﬁmwﬁﬁt%ﬁmﬁﬁ—ﬁﬁwmm@nw
%wﬁmmmﬂ%mﬁmaﬁtaﬂiﬂﬁmmﬁwmgmﬁmmmmaﬁﬁwm
%ﬁ,ﬁﬁﬁ@m%mﬁmﬁfﬁ%mﬁw@@mmﬁm S i O
éﬁﬂﬁmm@m%ﬁmﬁ%lEﬁwﬁ%mqﬁﬁﬁ(numeric)mwmm
I 81 AT T FS B I 3R T T (management) ¥4 FHfeT H 81 TR F WG F
mﬁﬁﬁmﬁfﬂwa@mﬁmgwwﬁmﬁmﬁmwmaﬁ?mm
SEA ¥ SEE B S R T W I B Al e Fe ) we ¥ fe s

FR TET AYHFT (CAM), F2 T2 FEsTe (CAD), F e AT (CIM),
w@g?ﬁﬁaﬁn(CAE)aﬂtmﬁmm(msﬁﬁa@meﬁﬁ
mﬁ%?ﬁrﬁfﬁmaﬂtm%mawm%!W@EW(CAD)W%MW
3R ¥oRET (documentation) HT . T THAT 21 CAM eI WhRA B A oI weve we
%rCmmwﬁm%mwmw,mﬁmm,mmﬁmm,
mwuﬁmmaﬂtmmﬁ%mwﬁmﬁawmﬁﬁmﬁmﬁmm
&1 SR T S G B B2 TR I TG 701 A A Y 5§ e s
o &Y & W1 €1 ST Ao IeEA % &7 H Wl Tavasmwal [ w0 ¥ o mam 2

CAD/CAM ¥ o STm ffd S ot #qex, safsama HFIX (Personal computer) & WM By
%qﬁmmwmzmaﬁﬁ,ﬁm@raﬁﬁmma@m%ﬁﬂﬁaﬁﬁwaﬁ:
CAD & foe ym & 319 ot 9ft 37994 (element) &I TeRYA (Work station) % H ¥ ST W@ ¥
TR fAU STery FPgR TRT EFERT (CAE) WiveerR |mere: s 7 & w1 aftga femme
s & gud 27 ¥ ¥ e T H f Yo kWY U 0§ gem 56 9 st
! gor & TEN B ¥ CAD/CAM HIRETR F fory 36w srofex faern g swdm) o &, Fiites e
e foren Sfed WieaTt IS (CAD/CAM) 1 wrafers Wit 31 g ) & wam 2 &

mmmmmmm%wﬂmﬁf%fmmmm%uwﬁ#mt%w
foem ® ™R wmaR fasfan i aftsa fean =1 i 3

1



2 FR LT e w A=gdEEr
AN § g 99 SER % Sl 3T R S W® B
(A) TTHA HF (Main frame computer)

(B) TH-eh¥=IeT (Mini computer)
(C) WSl P (Micro computer)

1.1.2. fEw W (Input Devices)

T fearsd i 3T gaiel B FHTe ¥ JaW FH & U fFmn s @ o ener W e fafis
FE P ATRY F AR FEfed H 2 Fre & foy Frefafed yoR % 92 feara swanh a2 —
(i) S8 (Keyboard)—®iaIg T &1 =fadl (keys) i TeEd & YINSN &1 gHIfda &L )
(ii) ¥T8E U9 (Light pen)—ShiA W WY 39 ot Ifid Ftah stavas- Rl 1 =77 fovan wmn 2
(iii) SafE® (Joystics)—Seaier X &t Tera ¥ fweh o fown H-nfa =1 Feifa s 2
(iv) WISH (Mouse)—FFIR FEE TF B9 H Uhe W1 FIoh. g YRV & S - (Two
dimenstional) Tfd =Tal 2l
(v) ¢@T fig (Tracker ball)—sTd & g™ ¥ SI-3TAM (Two dimentional) 7 1 ffa fa
ST &
(vi) WTEAT (Stylus)—LFE (1 LEGEHIT) U F FAHR 1 TF B0 9 STH 2 ¢, foa
IGENT 3MRY YW (Command input) A & fau faan smr 21

(a) Keyboard (b) Light pen

(d) Mouse (e) Tracker ball (f) Light pen
T 1.1—F@w gfea (Input device)

1.1.3. 3MIEYE Ffwal (Output Devices)

IR feamsd @ 71 € S v (Display) 31 W80T (Projection) %WW?'@?{WW
%,m%m,ﬂﬁa@mm%ﬁaﬁ(imge)ﬁam%aﬁtﬁaam{am?ﬂﬁ
I & MER W o ot THER F B HR I g 2|
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cAD ¥ JwATH YBT A=Y Jfwai—
l.ﬁa@ﬁnterFﬁHWaw@a@éﬁWmmmmmﬁﬁsﬁﬁaﬁﬁéﬂ
£ 71 FA FIR FT@ T

fa= 1.2—f=T (Printer)

fiex = @ Fftr 4w (Impact) 3R R-durd (Non-impact) fiitl
fi=t (Printers)

H‘Ermlﬁm ﬁ'{—‘é'iﬂ iz

(Impact printers) (Non-impact printers)

! _ l |
} ! l } : '

-=a fe-ffed g it Fhie S D
(Daisy-wheel) (Dot-matrix) (Line printers) (Inkjet) (Laser) (Thermal)
fox 1.3
mﬁaﬁm%ﬁw%mmmaﬁ%mmwﬁwﬁﬁmﬁaw%w

ffﬁ?ﬁ%lWﬂt—ﬁmﬁﬁaﬁ,aﬁéﬁ%ﬁﬁqﬁﬂaﬁms@nqﬁﬁmm%lwm%ﬁa

ﬁw,m,m,mmmmmmmél
Z.W(Plotter)—ﬁﬁﬂwa;faq@mﬁ?ﬁﬂﬁﬁfammﬁ%?ﬂw’éﬂﬂmﬁ

# ammmm@@m$WﬁﬁEm%mmm%lmaW%ﬁ
¥_wieae &k =

fa7 1.4—&ATT (Plotter)




4 Fgm R fowE T AghEERT -
'W’a,qﬁqﬁmﬁuﬁmﬁaﬁﬁ@m%mﬁwra@ﬁ@?ﬁ%fﬁq@ﬁq,ml
AT A & SR SYHU h ITANT FA §1 TR T FAEN TS feRT o T e w9 iy |

Il ]l ;
tor)—FeT HFEX F AN IR & FET AR WEY F R o By

3. Wif4eX (Moni
=7 # wefifd O ¥ o fF <1 21 98 9% §9 § ° THR F o T—

Fop e e
{ [T

fast 1.5—wif"2T (Moritor)

(A) %eig T =T (Cathode-Ray Tube)—Hdg I =0 Jo1 9 ¥ UF J9gH =& ot & ol
fR W ol 9g% o TN R W T e Sh g 81 TREE BhF W Sfr # a9 # f
I=9 Hell A SERMI I U HRT H1 YA R ST B| S Iv9 el O SoieeT WL B W
U T & O Bh W ¥ S gl iR Bt w i d 3

Horizontal
Focussing deflection
anode plates Sdrasn

. Accelerating
Grid anlode

Cathode

v y Vertical
Electr;n un Aefiaction
9 plates '/ Aquadag

o L.6—&Fgre ¥ @ (Cathode-Ray Tube)

(B) fafeae fheewt fe¥@ (LCD—Liquid-Crystal Display)—LCD ®iffeX CRT & aifas 30

W%IWW,WWWWWWW,@mWﬁTaWW

. %Eﬁi’m@ﬁ@?ﬁ%lmﬁﬁfwmﬁﬁmmﬁwmﬁamﬁlﬁ%"lﬁowofm
IR e F Gehwa i el fas sers s 3
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Cold cathode

Liquid crystal

Diffusing__g : matrix

material

Polarising filters

o= 1.7—fefeas fes fet (LCD—Liquid-Crystal Display)

(C) THTH IS ST (LED—Light-Emitting Diode)—TTodoTlo HHIL- ST SR H T
SR ¥ W ¥ A R e, 7 drer THEER foew § 1 Swm-emefen ¥ forg, e -TfHET SEhE
ST A Bl THoolo AT, WodTodto MR TetoHoTlo F T H FEA HH farsTett &1 STAN L
¥ ot T TR ¥ STyEe W ST 1 Teiodoo W, WetEl i TeoToTo F qer H AHH
T A T
1.1.4. ﬁﬁ'ﬂﬁ"‘l‘ %arsw (Engineering Design)

feste siwan fet s o 3 Frwfor 3 nafires wfrgr @) el g A oM & Ted1 ST SSiarT fesme
FaR fran ST 21 SSifafen fesmea ¥ S e Suh gET 9 T § oifug e sy frefafad o=
A F—
(i) 3ma¥gaal i 989 (Recognition of a-need)

(ii) 9= |t YR (Definition of problem)

(iii) G¥e9ul (Synthesis)

(iv) fagerom 3R 3hetd (Analysis and optimization)

(iv) Jegi®d (Evaluation)

(vi) Sﬂﬁ?ﬂﬁfﬂ (Presentation)

Recognition of a need

/
Definition of problem

- Synthesis

\

Analysis and optimization. W

Evaluation ]

Presentation ]

fax 1.8




6 TR TRT fesEd W AghaRRa e

i i —%wmmmwélwmﬁ,mﬁmmm
(l):wmgﬁﬁmwmﬁﬁﬁﬁmm%iMWﬁmﬂﬁmﬁm
¥ AR IR F T £ A I GUR FA
(ii) T @ afewra—fesTeT whFa % T W0 A
qﬁmﬁaﬁ:mm%maﬁamﬁ%wﬁw—?;;ﬁﬁﬁ
3R U FH F AU IQE & W 9 H 3fEd
(iii)ﬁ?ﬁw—ﬁﬁw%ﬁm%nﬁﬁmﬁﬂﬁﬁfﬁﬁ@ﬂm%rmm
mw%mﬁﬁmwélﬁmﬁmmﬁﬁmm@aﬁﬁ%l
(iv)me—mwﬁw%mmﬁmvﬁwmmﬁﬁﬁm
mw%u%%mmﬁﬁﬁ%mﬁﬁgﬁ;ﬁmﬁi%ﬁﬁ
v) T —edH UF Whel fesied ®i im0 € e .
()(Prototype)ﬁnﬂ&ifﬁamﬁmm%aﬂzwmmﬁm%ﬁ&r_wﬁﬁaﬁ@
(vi) “ﬁﬁ—ﬂ%%ﬁﬁﬁﬂmﬁﬁﬁq@"é%lEﬁmﬁﬁﬁmi%ﬁmﬁpemﬁcauon)
%Wﬁaﬂmmélﬁaﬁﬁﬁaﬁﬁﬁwmﬁﬁmaﬂﬁ%mmm
S B

1.1.5. HWET TSE TEFEA (Computer Aided Design—CAD)

FTRY T2 fesEd (CAD) 3qEA & fau fese ok sei@d (Documentation) A H T I
3| FIo T2 fesTE (CAD) #1 39N &R faew & g, fimfor, wrdem ik foreervon ofs
# fapan ST 81 CAD e % &t We@yoh g d—eread (Hardware) 3R WHRaR (Software) & |
TR F g w9 ¥ Fge, fife, Wi ot TR onft wimfed @ € iR wiweaw &t 9ot ¥
SiforhE (AUTOCAD), W¥ (proE)y 32 (CATIA), Gifere 9 (SOLID-WORKS) 3iiR Ui (ANSYS)
a7fe wftnferd 2

gresi 1 37 G (Limitation) ¥F [y
e I & Hhdl € T A
gifta foran s e

Output
device

Cad work station

O

T

C
4
Y

Graphics | Input
-t terminal | device |
Storage

device

\CE| 1.9—Configuration of Hardware Component in CAD System

AutoCAD fEsTE 3R STETu1 3899 & T gFame areaer 81 31 QiTear 3 U™ (ANSYS) 3
Hifers g9 (SOLIED-WORKS) 1 Hiefe st faveraor # fou siftss 99 €9 ¥ 39T ¢ T ¢
CAD WIRIR &1 #ee ¥ ogd WK Ak 3R T sioes 1 gt S Teqem ffan s wehar 21 Qe
% o SRt CAD Wi 1 Teg & ifw Tham ¥ o gifis s & @ sl gl @ o
F w2 A ST wETen ¥ AifE a1 qhen S 9 8, 96 39 IdR ¥ A




=g 7

(Prototype) 3% TSl TelH 1 Tewwar B 81 AT CAD WwaR # 7eg ¥, IqanTERA CAD

mﬁmﬁmﬁawﬁﬁwﬁmww grafas A % o s aiom St T
F g 2 o

1.1.5.1 fesg=-wafta &1 (Design Related Work)—FrX Tes fesig fawen g fep T fafe=
fese wafm FEf # 9N Fraters &5 § aiga fhar o1 T 8—

1. SfHeE WEfeiT (Geometrical Modeling)

2. SSitar favemo (Engineering Analysis)

3. festga =it Tefien af T (Review and Evaluation of Design)

4, IqTET 221 99 fmior (Creating a Product Data Base)

1. ST WISFAT (Geometrical Modeling)—Fr2et Tee fesgd #, safida. ssfer i 19 foelt
oG F A F g T fae @ #1 98 1w fe sag $ 84 (IMAGE) @1 CPU
¥ THA F e § Mither <o T Ve F 2, 3 GUR w1 ST SR e, S St
wiefe e EM FO 2, I/ FrgeR IR "rE SR SR %, $v S9Em % fo fesmed fea s
Tifew) nfidia Arefm w1 3@ S0 F o, feseR 99 YR HEE@ R ICG Wl & Bhid T ST
ﬁWﬁ(MGE)WWW%IWWﬁW(cornmand)Wwﬁ?ﬂ'ﬁﬁaﬁﬁﬁ
firg, T ok g9 SR 31 TR FER F SRV F ST @l F Shier, Yo A1 3 A B G HH
F fou frn ST 21 AR TR F oW F FR faf.ae 106 faen W ANg fevee & aifed SR
Y witafea 81 s S Sfird Aisfin e % w5, FEgER FHE B E TS sied § aiafdd
2 991 T TR 2 FEell § Gufed F €, o TWERA | UF B4 (IMAGE) & ¥4 ¥ Waf¥id %<
21 dfew 1 91§ gHien, faveror @ wRads & T 2 wiEe ¥ fom o g R

CAD foem ¥ of3 #1 31 wR ¥ wefifa o1 ga 83—

(a) 2D GHAA =&  fore f5-smamd ufaffew (2-diamensional representation) 1 ST faan G!'I?!'l

2| Tl 3D IAE F YA ¥ (Top view), THE T (Front view) 3R T¥d 9T (Side view) ¥
STYR T 9 Sael
(b) 3D U e Sfeet senfaf s qui B-am Hiefer 7, 3D Wi (3-diamensional representation)
FH ¥ AU & dEAel w1 FA R S d—
(i) aF-eTEr FGAT (Wireframe model)—38H SAE I Y3l & T@iel ¥ i wmr 2
(ii) 3T T (Solid model)—3HH I F FAE (plane) H Teal | RN W B W
A ¥ Hed T e ¥ Ifas S R WE a2 R

T

Wireframe model Solid model
o 1.10—dTX a1 T[T G W TYAT (Wireframe Model and Solid Model)
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z.mm—Mﬁmqﬁﬁw%mﬁ,ﬁﬁaWW%maﬁ
AT B §1 CAD TSHFERcT feeivy & aE-fash T (stress-strain calculation), &R
VAT (hot-handling computing) T Wfqeiie] 4SRN (movement behaviour) 1 FuiH, femifEa
TR 1 STEN HOh R S gl 31 fveror s § Wera ¥ e e i SN A S qha
21 SRRt e (analysis) THMIE: @ WER @ f6a0 1 Gl 8—

(a) S=HM U (Mass Properties)
(b) wifqq 9 fafet (FEM—Finite Element Method) o
(a) & 31 T F TN F fawerww e 8, 3 i Taw &, T, W, TECIHET HLAS AR S

af| T T TE ¥ R S el B Rfy, & ek stear o1 affen € :

(b) Weaa: CAD STeh 5t o) viferraTelt forgaiao wigee-uferiie fafy &1 50 adhdie o WY, e
51 9 Tem ¥ Rt we ¥ fawi fea S @ S ¥Ea ALy T WER 2T a9 8
FERYTT TS I FEELX F TGN FE, Tl S F FAGR F A Heh R SHeolee
aﬁamaﬂﬁ,nﬁmhmﬁrmﬁﬁwaﬁ%fmmwﬁmmm%rﬁmﬁﬁw
ey & WER Fadl # feifa w, Syl avg & SEEr @ s R ST g g

fax 1.11—wifia @& Y97 (Finite-Element Analysis)

3. fesme =t wvitan iR yexiEA (Design Review and Evaluation)—afheg 2fifaer w femma
ﬁﬁmaﬁwﬁmﬁﬁiﬂﬁmm%mémmﬁmﬁﬁﬂgﬁﬁﬁmw
7 R A & Foe feste % e wm ¥ forerw 1 AR wwd € otk w0 i % fore e
aﬁwwm%ramage)wnﬁ%m@aﬁ'ﬁmmermgﬁmﬁﬁ@@,m
(kinematics)ﬁ%nvﬁﬁ%,ﬁmﬁmmwﬁﬁﬁmmﬁaﬁmmﬁ%tmn
?wmﬁ%m%%ﬁwmﬁm%aﬂtmaaﬁ:mamwaﬁﬁmm
r

4. WIS 21 4 ATT (Creating a Product Data Base)—CADmﬁﬁmmﬂ?ﬂﬁ%ﬁmw
ﬁ@a@waﬁ%%mm%ﬁﬁm%mwwéﬁﬁﬁmmwmmm
éaw%mmmﬁ,@msiwhm?ﬁﬁﬂﬁnﬁﬂ%mﬁmaﬁ%aﬂzﬁqm
mmmw%mmﬁﬁaﬁmwmmwm,maﬂ?ﬁﬁwﬁ
smmeaajgraavmmmmﬁﬁéﬁﬁCADwmﬁmﬁuamﬁwﬁf%ﬁmwméaﬁmm
wmﬁlamﬁaméammaﬁméﬁ‘%l

IR Tt FIREE | | gt '

o= 1.12

:
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11.5.2 FIEY TS Ty WUTedt &t @] F & qeryw www Freforea §—

1. g & IWEEHA W F o7z feoem | S@E ok TOF IT-TeF | WA,
W,W,mﬁmmﬁmw%ﬁmméu

2. fevTmg ®t UERT § QU SR & fu—CAD el aifers e it v 9
ST X § IR TR e ¥ fesmeT ¥ fawedt #t o 31 1 Gt 1 oy ZR YeH 9
A Fhan & WA | fowea % qfewi B oft w9 fea w2

3. WuN & AW T & FAC—CAD Yoreh =1 3w Seffmfen <, e daaE, Se®
Y@, w9 ST A R e g wem s

4. Tafwior & o0 U 3em@w TR & fu_sdws s 9 wfEw B, S F el ¥ e
AEH STAH N FgA AMGH Bl 1 CAD YOI 39 & H i QAN e F B

5. BT §Ig WA—CAD WRuR fesied %t qorn & @5 a9 ok Yuen & R sik gferd 31
1 T N TR 30 T, T IeeT iR fese % ot ity eiiengd $9 € 9 81 TEH
& IR Ft Wia 3R IR 1 focliat F 69 F o9 & F0 F0 § G2TF 2 T

1.1.6. AT @3 ﬁqﬂﬁaﬁw (Compufer Aided Manufacturing—CAM)
CAM S feran & fE=701 3iR YA WeM #3d1 1 CAM Sieea 3 &1 7eg § e sae & fog

A ST 3R 1 IARA IHE H FERE w4 Hee fiod 81 78 serm, wrie R fraeE
(Planning) SR & ot TEMAT <A1 @1 ST Yol S29T IS F SAAEHAT, WAFKAT 3R a1 § ghg wE
3 CAM Wi 139 9 7ee ¥ T&0s SIS 39 a9 & foed wef & S9er frfa g
21 I F AW A 2D W 3D oA & &g B CAD F GEEal § CAM Soad &I € St 1 CAM
‘ HRIR CAD R W G H AT HIS(G-HT 3R M-H1e) ¥ F5ae, AR Huel el &l
T W e € 9 SR SR F uBRA g €t 31 U IR CAD HiEd #I CAM ¥ 3@W #
¥ W€, CAM TieaR weiifin # fog sied TR 30 Y& =X a1 1 quitim sien, fgfem an st st
frmetl & g @ F=2 WE FHIAR H ager &1 a9 R
| aMygfer S5 WY (Modérnddvance machine) AR T3 st g § S8a i I 9RO < gha
¥ A 3 T %1 Sfaa 9E W 3fEd TEiA AW (input) SEM AT S| SYf SR S A SR
% IO A ¥ R fafi= weR F Frgex gAfEe e (CNC) Tei &1 3Tant g 21 et S
& feT CNC wefe. &) Senfir & 9fFan S CNC Teifi @1 Sa1 1 CNC H¥i % 3T | T8, Sere
F3Y ¥ W - igete ©9 § Geifea R S an e o G CNC wei = & fog, weft & e
T TR SIS 7 savasa a6 § ot Saned # wh fean @ & e & S R
1.1.6.1 Y& CNC wyfix frfafaa 8— —
(i) CNC TREE—CNC T3 F 3-318] H2A I &Fal et
2, & afeR i v (X), 7 (), 3R S (2) A el
& fewn ¥ ft %Y 1 ghaen a1 21 TE I+ M F WA
forelt ot woR ¥ wHqw W wE N § GEH T 21 T
mwm(engraving)mﬁﬁm
| 4 T YA = el & @1 (wood worl) ¥
| T s far 1.13—CNC T3 (CNC routers)
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i I SR H T |

Gii) ﬁuwﬂ?—éﬂxmﬁa@mﬁqaﬂm%ﬁaﬁa%w(symmemc)m _

¥ o ST 31 TEY FhETE ST S W YU R § iR e, 9% FO T I B Ay
aléaﬁm@-thﬁmwmmmaﬁsﬁamﬁmm |

&= 1.14—CNC @15

: _ \ . C N 3
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(iv) Tafer wefm—fafem woiit @ wefie sfieR (Machine tool) & fre s & ameit a1 FeAltR
fefeet | T HeX S Terr ¥ T i 26 F SR W@ T FEEUS F AAERAIIR e,
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o=t 1.16—fufe wyitw

1.1.6.2 CAM Wieax & frefafag = a1 2—
(a) T8 &S g Q= Ha € i Aeat § w15 sfafa qf2 1 9 S Sare WEE 1 SuiEa F
Kl
(b) AT fshar & foru v & sam sfem v s
(c) FI2A F M, AeLT, e, HS, HUE, N AEd Wt savas WY WSS w T 1
(d) eifees weif e & fore AR =1 gamifsa e
1.1.6.3 CAM & gr1 fafmior ufemar & gamw—

(i) ¥EaT AT GFAA—CAM e % 510 5-a1 W S=a0 o % Wa ) W g
(ii) AFATAFT FAA—CAM FFRTR T 70 H To4 MM SeW F & S veqt A 5 sy
- USst % Ty A & fE ¥ veg wa g
(iif) | g AR 1 ITERT—Ufsfe W SR CAM fawen, w0 § %n oW ¥ e e saff
IR % SR w0 ¥ gaH T

L1.7. &P 'Q'Gﬂgﬁf 3T (Computer Intigrated Manufacturing—CAM)

IS % fored arom # I favara SR FH F1M W 9 IR 1 Aw F AU aga sk
mﬂmﬁmﬁﬁmﬁ@m%mwmmwmﬁuémﬁ%waﬂ?mﬁ
T % Y I @ vt o I F AR o My T F) Fge fh f w9 a5 o sk
W T ¥ waifer g w 2 3: ST F & H FIYR Heequl g F T 21 CIM Wee
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FR 0 F W IT BN I T w0, SR # fesed Y, e SR A
m,mmwmwmmm%mwwﬁﬁmﬁmmﬁm%

WEF H UIL T ¥ oY, Y I e =, S ffea ok Serg wfee % &9 H i
% fova AR ¥ =9 wfiwast 31 vo oremn, SAE ¥ fesed ol faRen Feel H R S T e
FRE W TR F THA w PR w1 T e B g F 3 fo fafmior S e,
TgEF iR SaRerl B Wiy sk wH g o 6 ArE R A SRR % S I w3
¥ wam B e T e gl (CIM) ST STAERA 1 FE B

3R Tl Fsfe
{ ﬁﬁw [ FUTEA! (MHS)
CIM
FR e
feot 117

CIM fereew % Frefefia P oo 30 $—
(a) YA Zo9 iR Heifta ST

(b) TrEt RSfem womeht (MHS)

(c) ¥R fesor yomet

(d) AHE FRE/ 9T

R T AHEEL/(CIM) SiFeam TS ) Teg ¥ Ik fawm ok fafmio wfefafe 5
QU foran e @1 SeareA Sfepa F |t afeell o fory st GEA U Wi ¥ g Siea § W
T A Wit FFa < 21 SR ¥ fou i fRdl SAr 1 SAe A 9 § O GaveH 39 AR #
fesefin = S, T & IR F T GEA CAD WRIT H @ S 3k CAD ¥ 311 3 Fi wiefn
AW F e, CAD WRIR g3t savas ga H fo el goam & fafmior Sives § wmiaia &
fean e &1 CIM SireaeR Y uw g A TREE 0 FT @ S S @ ey | @l o
fewen, v, sk sty 1, et & fog sTaves @1 CIM fafmion & e % araeaswa 3
A ¢ FTEd I F 7 21, S § AR B9 Sl Ui IeeH it e @ € Wi 21 SR
% faon wwg W A @ ok WuR vefi gee @ o @1 SAE SR STeT W W I 9+t el A CIM
¥ HER N EvEEd A 2

fafmior $efifer i e e Teod ¥ st 2 & fo Frafafad Segdl =1 T T STTavas e—

() =G & =i (i) 3 |} @ FH
(v) SURA ¥ sea™ (vi) ¥fran ufiads

(vii) T qfada (viii) FfHe &1 aftads
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(i) THERT—IER T EvERd F) TR e fam gR # S 81 S F TR,
fferafor = =1 AT SR Se W WRERE 3 fore TR SR foruR fasT ST W R S R

(i) TR FEATTA— bt 7 FoTer s ST e 5 I 3 o Sfe ST F T
FIA 2 CIMmﬁug%amgﬁﬁmaﬁwmﬁmmmmaﬁmﬁaﬂt
Wﬁmﬁaﬂmﬁ@mw%ammﬁ?ﬁuqﬁﬁﬂaﬁiw@?mm
W%Wﬁwmmélmmﬁmﬂm“#ﬂmm@m
mﬁmm%,ﬁwgﬁm%ﬁfwmﬁ@ﬂ%%mﬁmm%m%
fo sTava® S S 2 -

(iii) v s, fesTe T G701 Tt 22 1 oI € SRR o IEA B Ao
ﬁmaﬂ'}%ﬁqsﬁwz}aaﬁiwéﬁmamm%lﬁ?ﬂﬁ?ﬁm,m,gﬁm,
qfnfea g9 71

(iv) e @de fam wiT SR T S e Fet 3 T iR 2, 7w foskar S Sere Shha
ﬁgmgﬁﬁaam%,mmmé,ﬁﬁmﬁaﬁwm%aﬂt@ﬁﬁa@aﬁaﬁ

T T TR FTGH F SR WG T AR o w4 €

(v)ﬂqﬂiﬁﬁ‘ﬂﬁwﬁﬁwﬁﬁ—ﬂ?ﬁﬂaﬁﬁéﬁﬁﬁﬂﬁnm%waﬁaﬁmﬁﬁﬂﬁﬁﬁ%l
CIM &, 39% fara CNC Srfif, foqaer s Fred tes sream ufefad s mfafafel =i
sTavEEa St 31 T PR Iared ety #1 o 7 & oI U iR ufRaArsd %
ST T ¥ ey ¥ SUR R ST S egfert SR frsm wftnfed g =
TR, AR F AT B SAR-Fra.H [ A % forg fafrmion yoreh i wrehen siRk v S
F1 avERdl Bt 2

(vi) et STV FEAI—Hh SR LT SR ITH F WY TN B WIS F@ T,
S T YR &1 YU A & AT AR A 39 H @ 71 CIM faem # 7% wegex Frif
S FYTa S fF CNC 79 209, wifeaee St fawen (FMS), eaer i Tk,

e 2efem faww ik Frge fefn siee faen Bn R

(vii) AR FaEiiT Gaem ¢ e F=3 71, 9o, R 9 & sierw ik gasifa &
Me-Tg. Aegel 1 Rrode wfEf €1 o ¥ Sfea sTsenifdt wgva ¥ ok wew i 39-
Sonferdl %) GH-TTE W A, TS SR S e YA F sravawa agq "oy 2

(viii) T—g 9 @ Gafa gareR 9 Geifid €1 Faw & Ao, weiia goh, ik Tt yare frE,
it 1 |, o9 1 ol @ik Eed fag fawr & ww F €

(ix) Yo WaEH—g=T Yate CIM ¥ Heeqol & § ¥ T ¢ 308 AR Weaer Ireyfen, Te@d
Teie, GaR, fafmior yoneh s S FeuE gEA Yol wiEted g1 CIM Seifirat ue e
¥ qeft fafmito sl dafea S0l 31 & @9 Sied 81 59 YER CIM Srelfrdt % st § ga
9 & ITW Ht 9ot ifafEl & wEe 9iEfad 2

12. CAD/CAM & ¥ (Advantage of CAD/CAM)

CAD 3R CAM 1 3w 32} & Seare Grafe 7 ot 31 0 21 7% Swa & Fretfeafias o #—
1. ¥ o9 Y w9 w7 2
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9. qUER F SEYIHA H FH FE 2
3, Ieehdl § 96 O H FER Fa gl
4 9K T GER T 2

5. 3AE AN A FH FE B

6. 39T F FH HT 2|

7. T TR P SETTFHAT Bt B

8. @ ufRar d=iel s &t 7l

9. TEE Heddl ¥ GER H =B

1.2.1. CAD 3 CAM TITEATT ®t TAPINaT (Features of CAD and CAM Software)

(i) WIFEAT H TREE—CAD/CAM TR ¥ feee # 7gd wrefiee ¥em F3al ¢l fesmed
¥ el uftad e S TR W R ST O ) e # wd e O g 9 g8 a
¥ afz feameT ¥ Freht AR 1 weEra fEa W 2, A9 G0 Seqed YR STEAAl & STTER
see S 21 CAD/CAM ¥ Tedt, e & oy ferelt o fesea o™ & fore gt fmifor
SfiFa 91 a2 F0 foeed A uftads i s o, fEd T otk 3 A R wft at o AfeE
CAD/CAMB?"HTE@Iscqlq%fsmmff@rgragﬁwm%m%ﬁwﬁﬁmm
Tl &l

(ii) TEsTET W1 FEETT—CAD/CAM T W9 (Rapid prototype) F1 A4 Fal 1 sl W&q
(Rapid Prototype) SUdnThdl &I fesEH 3w & 9o HifiF WEY (Prototype) H1 HANH
(Assemble) FT1 1 Tfewn 3.3 Rt Sw fafer TR % We % fog e s w2
W—qﬁmﬁwm%Wmﬁﬁﬁm%,ﬁﬁm(&ototype)ﬁm
W5 Terd (acrylic miéterial), & S ST Feha & S wEHt ofR WA g #1 Wi WY
(Prototype)ﬁqﬁﬁmﬁm,%ﬁmaﬁmﬁ%ﬁmﬁﬂﬁaﬂ'{ﬁ?ﬁ{%mmﬁqﬁw
FTF Fi A 24 2

(iiii) FEIRAT @EA—CAD/CAM FHeaR CNC Heii 1 Mfim & 3= e ¥aM HTd 2
. CAD/CAM et o, #iSR 99 3R Seed Tomeht ggg om & #eg FTa 81 Seg H AEw
T ¥ o 3% e § 9gd @ aoerd R 9 ¢ e 37 W it e SR weR % fag
:@ﬁamma@aﬁaﬁmélﬁmcw/umﬁmémﬁmmw‘r\m
T iR o e % W S aw

(iv) W@ ST oF agav FEmU—CAD/CAM STHRW E AR F We TR EW ¥, W
SETEd 5 HEETe SR 9 YE 9 3 % 3% H ¢ HUSRY HAn, SUHTT, HrEEre
¥ Mg FR TR R o 9 SEQ SEwEE W=d (parameter) W T W& ¥ R T
3| veuE A %) Teg @ ol TER F TR A SR Ie gun o fman s @ fred
ST & S F gefed # 8 iR atfue gfaen faet S 2

(v) TTefal 3 srafere @1 FWM—CAD/CAM TITeaet ¥ famenm %t faRivar €1 78 Sy
2 it shp ¥ 9 ovd FReT F STAf I €1 CAM/CAD dfdn fearsw &1 weg @
aTfyre weifrT T sik ST &f W1 B fRA 1 weh €1 9% oA & 19, I TR 941 3T
T T ¥ faue % ar § g0 S ot em s 2
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1.2.2. CAD/CAM @t Hi¥Tg i |
CAD/CAMW%Mﬁﬁaémﬁ%ﬁﬁﬁmwﬁnﬁwm%ﬁhmm'l‘
(i)aaﬁﬁﬁnﬂatﬁmm~cmmmmﬁaqaﬁﬁiﬂgaﬁx
TftFRa &1 ST Fa © frws fig s= W%Wmﬁmﬁm Rro
ﬁmglcm%mﬁwwm,a@u@ﬁ%lmaﬂtm ﬁg
aﬁ]ﬂ%wﬁmﬁaﬁmmaﬁﬁmaﬁ%mwéﬁaﬁﬁmmmw |

¥ 3T Tqfa faee W Fg@ e R | |

(i) ﬁw&uraﬁﬁm/m—mﬂcmmmwma@aﬁﬁﬁWﬁ%ﬁﬁn |

o THAR Y % FRO T AEAE Sgd We 8 T e Wi arm 6 e

A 31 % AT I A ag ST & ofed T fag Shga e ok IS weE #

STavEHET B & T fore S9m F1 oY @ H Ted & |

(iii) TET@E—CAD/CAM % ST & T ATt STevgeh HPA 3R ITHON H THA-T00 |

STRE (maintenance) F STAvIHA Bt € el iR Toft ST SR F ATEY B W |

T¥| A T FHE TET A et o o # dE R S fren @ s w7 I8 9 ¢, § |

SrefRfd 1 # # AW B AT T We-H T A FH F@ T, AT wH-Fh

R FRO V39N F A4 IO o Wl 8, S Sced H FH H Il 2 | :

/f JWET T M CAD/CAM. (Product Cycle and CAD/CAM)

ST o Th FHH (Product Life Cycle—PLM) ¥ WS, T2 F ST & war ofd oo 91 7
TSl & FEE | O 21 ST F| o Tk qFE % e T F TOH o £ N w5, e,
IR, o 3R g S fafer =l ¥ oran @1 % TR A R Seed wEe B s feseh,
SeeH, faque, AR R favermo iR TEEET (recycle) Hfshal ¥ TERAT 2

CAD 3R CAM TR F ITM ¥ fFd e % e =% (Life Cycle of Product) %1 qui&y §

ﬁq—,mmmm%lwﬁqqﬁmcw/&mwwémmwm%m%m@maﬂt 1
|
|

A @ FOE Y, for T g W, T A wh ¥ e s 9 s fwa ¥ g o @
¥ I9H! IAEA-T6RA A1 S TF YE & I 2

fsit 3@ & S 9% (Life Cycle of Product) % frefafas sgor T E—
1. ¥fsham =1 (Process Planning)

2. 3R feSET (Product Design)

3. IERA FSAT (Production Planning)

4. 39RA (Production)

S. e Fegmor (Quality Control)

6. Tk ok fa@or (Sale and Distribution)

7. usIERT fean (Customer Feedback)
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Product Life Cycle (PLC)
(Manufacturing Process)

Production
planning
From .

design process

]
! ]
]
1
' |
' |
' :
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:
E h| - :
| planning procurement { Production H ggr?trlg Packaging |
: L of new tools !
4 ]
: I
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| 1
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:
]
1
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CAM Process

—

Order
material

NC, CNC, DNC |
programming

Design.need i -
(Design process) Marketing H Shipping ]
o=t 1.19—3e Sitaw = J&ST (Product Life Cycle)

1.m?ﬂm(ProcessPlanning)—'\ﬁHme’g'{ﬁmﬁWﬁ%ﬁwﬁ@lﬂ?ﬂm%'ﬂ'@l‘
Tl Tgel SHY WEiEd 9d R S e RS Meee w8 99 W @ 2 9% fF9 o HEg S
1 FATT T Fehdl B, IR I e IR T A A Aihe § ¥ A T I W e ¥ [
o | SEA T HhAl € A A IqH 3TN | R T S S N e fred T s
ft  FF T 3W Re F IS T | ITAN o @ R SR T I B A D e FE TER
# fad FT gt ¢ foes T aem & o 5 ve R e agn T ol 4 i s B R

2. IS fSF8T (Product Design)—38 =01 # SAR & o1-3M3e R Sifify sTer 3 Huifg &=
ST ], CAD WiRea? &1 Heg § SAE 399 Se e § fFY Te =1&sr S|

3. IWEA AT (Production Planning)—CAD i 7ag ¥ feolgt 3¢ 7 % 9k CAM wioweim
1 FE B SR WA B AG €1 SR F TG, T, SR o SR w9 2 Feiia fra
ST R TEeferd HY e B gERE e w it fmin e s

4. ITEA (Production)—F== A1 1 FAI AR Tt ST 3iferm Sewre H wqe = fFan = seqres
%mﬁwm%awmﬁm%ﬁm,m,maﬁrWWWMW%m
TN W& IR AT S B

5. TuTEs FREET (Quality Control)—I[&d #1 Si9 IIE % Shaq ¥ Tt = F I ? A
SR B F A TR FEEqy A B 1 IR ) o e ot A U e 9 S
2 % o5 smavama & g 1 @ T

6. o sitt faravur (Sale and Distribution)—3wr ISAl §E TH F A% IS F T
%ﬁqsﬁﬁmﬁaaﬁmm%ﬁﬁm%mm@maﬁmmw@ém%
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7. SUWIEN WiAfeHaT (Customer Feedback)—%8 IS o5 &l Sifad =01 Bl 2, % ff 3anm
YN Fi SETIHA F FTET IR A 2 I F FH Y w0 e A ® AR I Wfedi
T TR H ST 5 G A ) 5T I T 5 WA @ ST IR H ST A ¢ ol
STTIHAT STTEY IS IR TohH § Ffedi & FaRe F) T

1.4. WA AT CAD/CAM (Automation and CAD/CAM)

T N S T GE @ 2 el werd @ S8 GRE 4 S 6 A HE § A A e
¥ 8 T FH CAD/CAM (W@@%ﬁmsﬁxa@@gﬂqﬁmﬁmwmﬁ
wefita T ¥ 9 SR ¥ s, Frafor ik famoe ¥ wewrye gt T 81 CAM 1 ST I
st S Frwior R st % foe R S 2, BT 9 ¥ CONC RSt gied wei 1 wan &
fore =R IS H STEEE Bt & R e 7gd Sfed ¢ CAM 35% Hee {% A ! Wi
FT 2 swqd‘o‘ﬁfmﬁCAD/CAMm@‘ﬁﬁW’aﬁﬂﬁ?ﬂﬁz’ﬂ%?ﬁﬁﬁfﬁﬁmﬁﬂaw
2 sy FO & Wa FO ¥ RS B ToRH I St A S Gehar 21 fRel off HR o 5 W
e 3 R T 1 S o 3 e & e €, e FEH St S 81 T S S g
T ¥ T CAM F TeE o S §1 CAM it e T-% W-Hg A TR H I FH H
FrisT 0 S e TN F) @ B F F 6 987 @ S ¢ i S o TR
e St 2 S 3 T @ e F) T A ¢ e wre ¥ vl @ e

1.4.1. ST ¥ CAD/CAM T IUIRT

(i) FrqevR SER—Fe g, S FEEa w1 R o fafe | SgHRT HOW IR A
ﬁqgém‘-r(simulation)mélm%mfa@waﬂwa@mﬂ@w%fqg?rm
STRYA 1 T TAF SH0 2, CAD/CAM H SR Toh Tewarqui {5621 1 38! Teredl & i,
ST ik AT BE el Mt i STTHM T S e e SeTRYuT & fou St faRet o ‘

S & HE FE fofe feE e A w1 i e A € 9 39 O SR S

% aum T SE G A1 QA F e SR & B STIAH O S € 6 A 39 e

o TR F F9 g T W FE F F I IS 2

(i) wiEFan 3@ g well (Process Otiented Work Flow)—3ifiehad CAD/CAM iR fased
%mmm%mﬁmma&wmmwmaﬁmmﬁﬂ
# T SUA ugd @ ST €1 3% AU STl (user) Wt 30 ogd Sedl H@ W 2

(iii) T 9" TOMItaE! (Tool Path Strategies)—3d 4 TFfaat Sfea |9t Shp & SHeR 3l
FrifEs ¥ THa ¥ o w1 F R a3 81 T NN W 3w e i % fow o 5
e TaY =) STEf oft 2 ) SuEor vy w1 FaeHd SAf(UE & HRO STARHG FAGH

Y W L gHal 2 |

\
!

1.5. CAD/CAM & HTEAT & HIUT (Reasons for Implementation of CAD/CAM)

3 i Sfrerell g %, Iem < whRaieh 9 o € S 3 ok i B ¥ W
: | AR T Sgd o
aﬂtaﬁaﬁwﬁqmmaﬁtmjﬁgamﬁumnﬁa%mwmwmﬁﬁ ‘
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éaﬁwﬁ%mﬁmaﬁaﬁw%lmwaﬁmmaﬂtmmeWﬁm
%lwwm.mﬂﬁﬁwﬁﬁﬁmmﬁm%ﬁWWaﬁwm% CAD 3R
CAMWW%MWW% CAD 1 341 T%ar % W9 3qE % fesed ik oied
Ffor & g & ol et CAM < w7 st st <1 frsfn 3y 4 weg e & ford e o
mﬁmmﬁﬁlﬁwwmmwaﬁm%m%ﬂww
ﬁww%éﬁﬁcmnmammmmﬁﬁaﬁz«awﬁwmmm%ﬁﬁﬁwﬁm
SR S WHA R AR I S o e et g A e # HEE ¥ R I
HE SR YW ¥ W W R W g

1.5.1. THEA CAD 3 CAM =7 fafir=t IEYIHATE

THFA CAD 3R CAM #t fofr stravasrastl &1 1 6 & sega foven T 8=
(i) T W T A A F) GREUEEE T ¥
(i) SERHA SR & fo
(ili) 19T ®H F R Yoa H w@gH H
(iv) <€ B9 = F9 ¢ 1)
(v) o9 vfR %9 F@

1.5.2. CAD 31X CAM H0EaE & USHIHT0T & o

(i) §99 & 9=
(i) SN Wt
(iii) v wfe & w0 |
(iv) fesea stk FfEn F g fier SR # snavgsd el &
(v) <& H gfs
(vi) fesmea # dnfa
(vii) TSR ¥ 7T IR G
(viii) FTe gemR feehad
(ix) 3Tty o iR e
(x) TY,MEE FHI ST Y T T
(xi) 39 TiEA w1 ITEM

1.6. CAM Ufspam ¥ AfAfeAd 9 (Steps Involved in CAM Operation)

wh w wrefeR Seed san # FER A & ad § T F w1 oot % @ vE

3, T O Frge wRe P, SE A% TR $eRT AR o 6?1 U T Fre faww

T W SR whEdel Fi frfa Fwa el

CAM ¥ frefafaa wfiafm §—

WO 1. 390 A e § el WSS fF 9 }1 W R Arafad AR ¥ S
qftoT 7 ey fpar ST 21 CAD WHRaR Fi Heg & sravasdal J{ER fewe ¥ uitadd 4
HuR e s 3
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S

=T 2.3D fifex it CNC Sieht i % &R0 3D s Fafif faen e &1 wenefench wieet 1 S ay.
%WCNCmaﬁ(ammﬂvﬂﬁwmmm%lwﬁ—wﬂmaﬂﬁa@m
fafifa e wm 2 |

RUT 3,59 0§ A % qlia, G, for sk @ & v fm @ 2 }

TUT 4. T ) AT TR T TG F 0 N9vas TR FT FaET (manage) a1 ST 21 3Tavag |
mﬂﬁsﬁtmmaﬁmaﬁmmmﬁﬁm%aﬂﬁmﬁﬁm@n@ﬁaaﬁml
@l W, A hed foa frdt wEe % M F EH

TUT 5.CAM %! Terdl ¥ IR $1 3T 3k CNC Wi &1 Frifi o321 SR & SHimw §
foau wrenfora =si=i <1 s fFan < 2

WUT 6. TR Fard ammm@nmmmuﬁ&mmeméiwﬁmwaﬁm
O A H I B

LT 7r@zwwﬁnmmﬁmmwﬁ|mﬁmﬁaﬁaﬁwﬁﬁuﬁa
foFa < 21

BUT 8. R 3R fao ¥ et I F U H, W9 H G 8, 98 qha [ wE | @i 7 |
FHEEIfd B 9R HIE & Heg ¥ W Seed e &1 gemfed R g |

BT 9. faor & foIq S 1 wEferd @R U Fden § o 9l (@) ¥ o S S 2

AT 10. FR fowen w0 foxita @ s aeem, foel 0 e ok e fee s R

| NN SRR S et ]
. fafim v w2 ufranet =1 v &

CAD/CAM % fau wrex faeen #t wt=m 91 27

CAD fa=d % 3qad B 9t g€ F1 aviq HRA|

CAD & "3T9 I T &, CAD # fosiiz § Wit 1 9ad 9 saifsh 3@ & o9 q0a|
CAD %.4@9 3R H s qr)

FIG TS FThaa (CAM) &1 sIRe &)

AT & &% § CAM # &1 Suafirar &2

CIM ¥X ¥ 3T #1 T 2 fafmivn 3o § CIM % wreel & ) & faear § =)
CNC (F/=x =fted fdsmn) wei #1272

. CIM f&eu & Y@ a@ & 9uiH H|

. G =5 Y YR N W@ ¢? CAD/CAM 38 g YoR woiferm 3% may 37

. URUft fafmio e § IR =% it TRARE WfRar %1 Sfira s 3|

. CAM ka1 ® ¥g& BF ad W01 &I q9EEd|

Lol B o

et
w b= O

Qod



2 CAD/CAM % 3uzin
¥ Udg/ 39 qfawqur

3T | (SURFACE/SOLID MODELLING USING CAD/CAM)

- =

21 UTAEE IR IR-mifew wag @1 o=
(Introduction to Parametric and Non-parametric Surfaces)

THY Hes Th FHT F A-sEvEE (3D) ded ¢ fre g Alel T 1 d Hied s,
T, i, fafwe, ot S S ¥ s w9 § SEn fRa ST § L RdE Hed H 3 Hed
¥ W o T S e, TeE redt ¥ A T e @ Swefh AR A O Wied § IRl 8w
qfemfid e et 2

39 Tifed @ik T A ¥ 9= THUH @R 9 2 % 9 Hiew H FEEE F 00 el oifth Hae
wrew # T B wef-weR, drw e B ST wh Sfed AHR oA g g § e wae
Hrefe #1 S9E S0F HE ¥ S T iR R TdE wiser H 3 Aiew W uReEfda fhan ST wehd
3| nfordr ®9 @ T A1 TaE B GHiRT T AN aftia a1 gutar ST 21 A8 FHIHOT S Wb
& B THd T

2.1.1 UwfifE® WU (Parametric Form)

w9 FFat 9% F G i 39 YR e s fF 9 W) feg fag F o, y a9 2 Fewie e o
'ERI%W%Wﬁmﬁ?ﬁ@'ﬂﬁmﬁmﬂmm(parametricequation)EFE%%"GTET
ER‘t’W(parameter)m%ﬁmﬂammﬁﬁmm@?ﬁmw%mﬁe
F1 T feman S 2

SeTe 3 T T g (&, y), T 99 @ IR W X @ ¥ 0 Hor W e }1 39 ¥ (0, 0) 3
-1ﬁﬁr@ﬁmmﬁﬁﬂwﬁaﬁhmmm%—

X =cos 0
Y =sin0
W’Hﬁﬁﬁé%ﬁ@ﬂm@wwqﬁmmu,mmmmm%—
- P,v)=[x y 12
=[x, v) Y v) 2, V)]
<1 € Upays Vmin <V S Vmax

min =

@m@%am%maﬁﬁamwmﬁﬁham%ﬁ%ﬁammﬁmmm
el &1 Sfafifees far s 2

u

21



22 HTR TRE fEsTET T ARghear

«

u
Parametric space Cartesian space

fax 2.1

ifs Feae fafi FROY @ FogE TR fewe ¥ 9Ed WA & A Fehas g
() =R F YA
(i) YAF T F TH S HA I L
(i) T/ frEe = s fedfh
(v) TRifee Tl Ft @Y Suiaika fHa1 51 gHa 2l
(v) FEORNEA JHSIA & 5 I S A YA N FHA
(vi) ¥ F F9 H IF HE A 2

2.1.2 ﬂT-ﬁTﬂﬁ'@E ®J (Non-Parametric Form)

g & o $E o g x, y 3 2% sfafifea Geiy B TgR S 2 G £ (x, y, 2) = 0. FA.
feTer ST (constraints) TRE W 1 Frefud #Rd € Wafw & AR (constraints) TH WY Th T
) TE T 1 GEA & S TR 1 I |t 8 Tl 8l 3% W w9 § frefafen oie 9 9w

o =1 gFdl 2— o
x=8105ﬂ
Y=g, 2) P(x, ¥, z)
) <= 83 (xv J’) X
T 4R W g4qE A1 Hag 9= &l e 9 fie g —
¥ greutan Sl 8-
Pix,v.2)=[x ¥ 2] ﬁ?Z.Z—'ﬂT-ﬂ!Tlﬁ‘@EW
T (Non Parametric Surface)
=[x y Axyl

et P foafd 92X 31 39 YR GaEl F favemuners sffifue ¥ fe wn i yeR ¥ gl #
ITERT X HhA |

p 4
2= 3= Z > a,,x"y"

m=0n=0



CAD/CAM ¥ 35 ¥ gae/3a waego 23

22 HHE FH IUANT H{&h WHNU GAg §IHT

(Revolved Surface, Ruled Surface and 3D Surfaces)
2.2.1 URGRAUT (Revolved)
TREHET T $E @ F IR SR 9w f-amanh sy @ R w3 # U ffy 2

@mmwmmmemémamm%maﬁ@@ﬁ%@ﬁﬂﬁ%@%
AR {8 781 % =R IR qferm S8 e A v fae A 9 Ao &1 Fmio 2

fox 2.3—us W @ @ e &1 fmio
Ifc frdt Tae =1 ufehaor sweamn s df 39 &1 fmior g8 S #1 fom & feamn mn @

o= 2.4

A

/

fa= 2.5—4ag @ 3| &1 fmo

fafim YR ¥ Taa F FeEdl ¥ o9 TSR % 99 & v dya @ 9 e, w9, g, 9,
139, dihe Tmel :



24 FTIH Tee oo wE Bt

2.2.2 Ruled Surface

@}mmﬁ,ﬁﬁ%@maﬁaﬁﬁgﬁ%ﬁz%mﬁaﬁhﬁmmm%lﬁ‘ﬂﬁ'maa
& A9 1 9% F1 TIECR 908, JUSHR TaE ¥ Ui UF VEIER 698 e 8 9 1 e &
foe, @ g 7 % o @ % @ R 9 for 9 e g g R A T T F IR W e
A E € A 5 WaE W we g & f 3 orem-orem Yan gt @ 98 S0 ¥ W9 Few ¢
S8 SATHEAES TIGTH (hyperbolic paraboloid)|

o 2.6—%Fc1 Tag

2.2.3 Surface Modeling Command

Tde Hied 991 & fau fFEfaiad sHe e—

1. 3-D face: 39 HHIE F STAN Fith fhat ifesae & fafie gael 1 ffda foran o1 e 31 s
Tae % U ST W A, y,'7) P FAMER T fF S @ aon 36 TER T3S G0 H
qfrsiya faan < 2

2. P face: T TS F1 STM 3D BT FUE i TE fFA Il ¢ AfhT Tq0 Tk WY H FE 9N
qfrafid 3 FE S TFd 21 946 B0 3 i F9 % 98, BR & ge ¥ gag @i gRefe
fran 51 21 .

3. Rulesurf: 78 HAE & T & o9 TF 9gW TG € 1 &1 g HI WERIA Bl 2|

a7 2.7—&d |dg
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4. Tabsurf: 39 FHE 4, @WW%WWQWWWWMW%MN
=4 FiE g T T TH e 9w S <

a7 2.8—wanvitag qag

5. Revsurf: @&, mmmmﬁ@%m%@%maﬂwﬁﬁmwﬁ T sfafa
w1 frmfor foran < 2

6. Edgesurf: 78 $e IR THuad fFARI F ITEM FT% TF Coon FHi Hag 1 FHfvr wtar 21

fax 2.9—0=t wag

2.3 mmmamﬁwmmm

feomga wiveaaw

3Df§wmﬁamﬁﬁmﬁiﬁmeélw%—CADmeﬂtm
#—3D Tfefin GieeEaRl CAD WHRAT FI 3TN Fifsw Tgell S siehfires awgsi =1 a1 g9 ffn
ST #1 gEG 3R, 3D wrefdT F1 STEN wenHd T # B 31 e w9 R/, 3D wiefdm wiwedmw
1 378 My fesed s F o fhen ofivm ok difedt T § ffen man ?) S, 9w I
3D fifén & frm 1w 21
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CAD TR 1 T S feser, 2 fesed, aregeen s wrreE et SR sy
4% 3§ fr W #1 CAD Wew § Wi TN, o, W s i e S fifw
THEM & 221 it W@ Bl 9EH swq%ﬂﬁ%WCADwﬁWaﬁmmﬁaﬁimﬁm
a o forn S

1. AutoCAD:mmmmﬁm%wmmﬁwm

am%aﬁii@aama@%gﬁmmﬁhmmwszﬁa‘fmeWa@%m
Wﬁw@w,mﬁﬁnﬁqﬁrﬂﬁﬂ%ﬁaﬂﬁzﬁaﬁueﬁm%ﬁNMWé
Wﬁm@mﬂﬂmmqﬁza@m@mmm%ﬁﬁﬂﬁaﬁ.wm,
ﬁ@mﬂﬁﬁaﬂtwmaﬁlmaﬁﬁfmwﬁ%wmwﬁmm
W%t@a@%@@ﬁﬂsmaﬁﬁnﬁﬁﬁm%maﬁﬁwmm
mm%aﬁtwﬁa@wmﬁlﬁmaﬁ%@%wﬁmmma@mw
¥ YT ¥ WY fF 1w 2

a7 2.10—AutoCAD

3. CATIA: CATIA CAD S92a% &1 Dassault Aviation = 0 STEXdl & o fasrfia faman 21 98
TF TURY CAD WS § afus Sqant €, F4if% 98 CAD, CAM (FHX T2 A=yhaaifin),
CAE (Fvt U2 TSifafin) & fou us fie-wewH Suersd &l ¢l CATIA 3arE fese
ﬁRﬁmﬁﬁfmqﬁzﬁmm@gmmmfﬁmmaﬂwwmwam
T Sififen & O % R A TS SR F1 g € F Lk § IO FAA F FHAC

ST Bl CATIA T% 3D fesizd ammEt « . s -
e ' e HTA € Wl wgd " A & we wedr 4
3 Hisfem &1 1 fma =1 = 2



a3 2.11—CATIA

3. Solidworks: Solidworks H/TFeaat gHiwe fomem g1 fEuea fFan 71 & g9a 394M Y9 3D
fessT g1 foFan ST @1 A SuHifes wieE- sl aiaeas 31 39 dieeamR § fesed aemdH
Iy ok Rad TSt S5t %2 gy WTer € sud A e age % fag fea
I 21 T FTH AR i g 3 T asd NURBS WTE @1 ST Sl 81 I8 ST
FEq R Tshal S 1 STIA IN WL S ST, SgdS Hiefe % I, T8 A =T
7 SYANT HTAT € qF SHR TR H7 2

1
fle EdtbView Infari Took Simulstion Window Help ,m.*i o A S
/s, il L - T e —
7 )3 8 i swept Cut ® 22 & & |
Bdruded PO pevoived {f tofted et PRt Lined g nop »

Pattesn

Cut L e |

fa= 2.12—Solid Works



4 Greo: CreoCADw‘w%mmmaiaﬁﬁmqﬁ@% i 30 T Ted WA I
FHRYF G R o1 T 1| e o, e, i, i S e TS SR
mmmﬂﬁ@aﬁwﬁ@ﬁm%%mmﬁﬁqﬁ*mw_
?,ﬁm%ﬁmﬁwﬁmmmmaﬁmﬁm@ﬂﬁm%m

THTAT CreoS5.0 TEHT0T 2018 & SR} o T o1 i =9H UF Fgar e (o {56 ¥ feumy
fT TTT T AER ISR FeTHE H gfawn 2

3 e iy R Sl
r 5 s - G
’ :“.‘,,...a h s B wilas

e

fa= 2.13—Creo5.0

5. Fusion 360: TS 360 FASS-3HNT 38 CAD THIa gl T8 mnm%ﬁaﬁ@%a:ﬂﬁ%
aﬁawﬁﬁwﬁwmmmﬁﬂ%mﬁmmwwammmméﬂ%l
RS 360° WEHE F T G T ¢ (% 97 dies ¥ g7 o wiad & R e F g
TR F YR W e B el éaaﬁ&ﬁﬁaﬁam@gﬁmaﬁﬁm@zm%ﬁ ford
T TR A Tt 21 Te FE CEH W AN ¢ AR SUATEHAAT B Graen 21 2 b 98 A
SER fRE ot wiew™ ¥ STAT F TH

L e b ;
[, R T = e
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-
-
¥ st
5
W 3 ¥ ‘
° ol e L i atRET R ORRS  Ghu¥
r od W B, c 7 -
J N s ; . s
: w w‘ o ‘y 3 ' ? I.” . ‘ W
et sl it v w 3
Sareyare I O A T O RS AP T WIS B e IO for R

*

1L v
LI o G -
€5 oy o
* T A
LA
P OAFET tameee

e s o b SLL e iy it Wt b
CRERE R L e S

N AT
D AT e
FTAL SR T e Y A
DI R PR

== 2.14—Fusion 360

24 3T UTET &HT HHEYAT (Concept of Solid Models)

3rg Hied Fi TS FeqA Hel i a5 F S 1 v fefira wew @1 FHieH, @R, fEe
qo TSfArT enfz &% asiH 39 Hied & ST fEa S ) A svaq A e s ¥ aqa
yfirer e &, el SR HHeTR A1 3 T FHH-TEE fesTe (CAD) fwew 1 v
o M A TESA F TdE e S 9 ¢ fesTeR whE e gfeeia d @1 fesmem faig,
Y, 9% iR e H R FE IR A & gy R # R € we: feseR awe
a@ﬁﬁf%mmwm%mmﬁzm(qﬁm,m,wm)ﬁm@
2 g e W & T T 1 TR o SR-9 Wed H W T FR A @
{ﬁwwﬁwmmm%l

sovufra e (38) Tw feaet #1 Frfafea g sem Fa 8-

|, fewed 1 T SfE wwe # g g g, |
2, mmm@m%uﬁwmﬁwmwﬁ%mwgﬁ@r,aﬂt
3. e SRE, St S e w1 # HeE H €

3 Arefem & mwﬁmmmﬁﬁm@sﬁmﬁﬂm.m AT fordifra
mﬁn%mgqﬂﬁﬁmwm%&ﬁﬁmm%lﬁﬁuﬁﬂfﬁaﬁﬁm@ﬂ
#ﬂé@nmmﬂmﬁ%mmmm%,#ﬁmmmsﬁﬁﬁﬁmw



30 FR T e W A=pherafin

é;maavﬁﬁaaal‘tﬁ%’lmmwﬁﬁmﬁ%@ﬁaﬁmnﬁﬁmﬁmﬁ%m
O ST H W WM A ) wifere wisfin Seeiet g wifere Hief wieead fawm i
AT SR Q, S ARl Srer W § wm w ¥ sl e Srefefid, Sewe FaR, sk
AR § T S e

2.4.1. 3 ARt TEmHE (Solia Modelling Technology)
mmmﬁmmwamﬁlmﬂmmﬁﬁ%wm%

THA: T§ =0T W Wiwea & i 79 dr 21 fmio o A eieede % svdm A genRe e w1
H SEFA B R

1. WS X (Planning Phase)

am%ma,ﬁ%mmﬁmmﬁmmmélﬂzswwﬁ%%3ﬁmﬁﬂa
ﬁmmmﬁlmmmmm%m,mmﬂmwaﬂ?ﬁ@wélw
O TV W SR e faf A o wag e & ) e G ¥ agd weere 8

1. %t §% SpEfew U —afy g M whw semfien qvad § @ et o ¥ veen wm a
%m@uﬁ%@mﬁﬁm%mﬁm@ﬁ@mm(isoview)mé,a‘rmw
= BIg W #

z.dﬁ/ﬁﬁmﬁﬁﬁmm—%ﬁqmﬁaﬁ?ﬁ@wﬁﬁmaﬁﬁaﬁﬁm%lm
mﬂﬁ%mm%@mﬁﬁz%ﬁﬁm%ﬁqwa@fﬁﬁwmﬁvﬁm
T WTHE 1 T faftre Y g1 sifeu S fifre w9 sTeR @ik T w ERE e &) Az
qm(pans)mqa?awm%mmmﬁfmﬁmﬁmmméuﬁvﬁ‘zﬁﬁr@
mﬁﬁﬁnmﬁ%m@ﬁ%@wmﬁmmﬁ%ﬁmﬁﬁﬁm@%%lwm
%ﬁﬁwgﬁm\aﬁaﬁmtmmﬁlwﬁ@a,m,mﬁm,m,ﬁ—é,m,w,
I, T, 959 ST I, 2|

—

8 8 o) & e 35 o e &1 1 e e 4 o, o, e s o
W W STEMAT F TE=H ST g S

4. mmm_ﬁmwmaﬂwﬁw%mwmmmmm
TREST A1 Wi Tt § 4 ot T a1 s 8w 2
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| 1. W IER F G R a1 veen FE HHEE F @ F R W S R B
1 FH{0 FT ) 9% T Frefon g g ok 99 W sty a2

2. W W1 VU H SO 1 e ) 0 W9 A Fee £ 9 2D Taw W T 68 SR
21 7 G 2 o s # £ Y ok wrEe T e F 92 g d el sl T

3. FMER A NEEA | TE—AG0 w1 T A ) 0 STHEd ¥ weT § o @ 9% Q 6
aﬂtwww-ﬁéaﬁ?ﬁi%l@rﬁm@@g—aﬁwﬁﬂwma@%mﬁﬁm
& THEA 1 SEIHT F o IR FY o, 79 SR A 79 T3 SFR e w9
I A €| S A A iR ¥ S e § @SS e, (pline) T @ S €

4. TGS Y 3 W ¥ qEeA—Ao = F T4 F e AHEw- B ORI aw &
ST T, T 3 wE  oftafin w0 1 e s 7 R e o § w1d W 8
U TS WA T e e e fren F woriaRa foran s @1 3w ¥ o
 fo e o o T #1058 T e 9 N g e F e 1w 2

5. 3 WEl 3R glamed &1 waH—md 3 w9 i gheel ¥ fufn ¥ a”, 3% T 9
AN Fh QO 9 I e T TR @l siv fuael % Ik Sfad WMl | UF 91
Sreet fan ST 21 R @ @1 91 9 s serermm @S it giawel # w e s 2
ifeh WTHE TF U THE T, SE( T, SARfaAo R Hed % ferad Sure w1l STo- 3T
SEH! w1 SIS A gl I SR Ieiee ity e of 9 ¥ e o1 wea €, afea gt
AR T e fFU 91 & o€ H2A SFayr s e

242. 39 & T[UT (Solid Properties)
1. HEE—3G & s R Sed d @fed @ 2
2. G WO @ A AR ger g A A e TE g €, 3 de wien St wu
q "y # 2t B
3. WfA—aTER iR g @ | w8, $EEE $R A i)

Top face missing

iy
= —

Dangling edge
Dangling face g+

Solid block ¥4

foa 2.15—3W™=T 3 T
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2.4.3. 3 WISRTT & YA A (Basics of Solid Modelling Theory)
1. yRfive foeife® faa = (The Fundamental Geometric Principles):
(A)mmﬁr—wmmwﬁwmmawmmmﬁmm% S fF iy

o H 1 F Frdwis|

(B) ﬁﬁﬁhﬁ—aﬁmﬁﬁﬁfwmﬁ?ﬁamﬁ%aﬁﬁﬁzﬁﬁmwﬁm%,aﬂhmm%
fafim 9 & e Heuaes SEer|
(©) Wﬁﬁuﬁn—wﬁﬁmaﬁrmaﬁmﬁwﬁa@?ﬁ%iﬁé@%mﬁmaﬁtmﬁ

T #R =fey

C
wfafi—A, B, C 3R D & ffdy
. firdeis (X, Y, Z)
B
A
A B C D
A 0 1 1 1
B 1 0 1 0
C 1 1 0 1

2. Ao faE (Set Theory)—TH=gd. (set) ! Sisaage & frdl st Tue & w9 ¥ wRtwfiq fran s

e, 8 9’ W ‘we=’ wel Wl 2l

(A) ulfia Tq==d (finiteset): % Ge= it ¥ w@iffm &1, 99 (3,7, 9)
(B) IRfHa Weard (infinite set): o W=l 1 e orelifi &, S A = (2, 4,6, 8, ...)

(C) ﬁﬁﬂ'ﬂ'ﬁﬂmvﬁ'ﬂ'ﬂﬁﬁ(emptysetWnullset):ﬁﬂ?’efmaﬁmiﬁﬁlmﬁw |
FE 999 & 1.8 T @ o {) ¥ frefug w@ 8

(D) oA @a: < FI=T A 3R B 1 €Y (o) U E P qem A v A F Y

g1 g HE @ S &) Sereond afg A =

(1,5,7) WB={1,2,4,7,8, 10, 12} & & 57 I

= 1 99 @=a: {\displaystyle A\cup B} AU B = (1,2, 4,5,7, 8, 10, 1}

AUB ={1,2,4,5,7,8,10,12}

fa= 2.16
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(E) Wafis wyeaa: afk Q gq==g A it B & @ 771 wafis wy=ag 7¢ 9= &m fEd 3
‘ WﬁﬁAﬁBﬁﬁalﬁﬁaﬁmu2345}@3_[13912}€reﬁAaﬁt
| B 1 WA WY=IA (1, 5) B fawe w9 3@ ave foed 8 A B = (1, 5)

A B
AnB={1,3)

o= 217

(F) 92Td §eed: i < ¥=ad A it B & 1 Tk 9 9g==d 9% 9= o oo § vee
TN YEETIAFIATA TSI S A A=(1,3,4,57,8) WB=(2,5,9, 10}€r€rAaﬂ'{
B &1 Y@ 99==4 {1, 3,4, 5,7, 8) &m|

A-B={134,578}

ot 2.18

- 244. 3 HiEw ST GeETG
(Solid"Models Representation Schemes)

A. 9% 319 sififa (Constructive Solid Geometry)
B. Him wfafaf (Boundary Representation)

C. ¥ (Sweeping)

D. wifs T (Spatial Enumeration) |




34 T TS femmen wa A=gderfen
25 39 ©f VE-AlE, AW, vig, Tew, wH v guw ao™

(Solid Primitives—Box, Cylinder, Cone, Sphere, Wedge and Torus)

2.5.1 ®f¢ & (Primitives)

W 3 el i sfifHfem (Primitivesy” w1 S & sareel & fo M, S, A, AW, 3
3R frfire st aqeem fagm (“gfee”, “gaee’ ol “te@Ee” gferA SHTIRE) F SN &
F T U T ) e i G § Se 91 g 21 9 S NSl i eIl ATER vy
o1 g forar s g 21

Pyramid

fo 2.19—MifIfEsm (Primitives)

2.6 Region, Extrude ﬁrg & IUET ¥ W HEAT q A
2.6.1. OFF (&F) (Region)

{5 98 2D &5 € Wt o guaeld fRI ¥ I 71 Uicloned, YET, IR 919, 99, SUSR 9N,

g 3R WS (spline) fret T ¥ wiftret € Tk B) TAF T W F TF Fe Qo A gRaa
foran o 21 Sitesieem A O § oRafdd w1 % 918, 9 3% Tk Sfea &9 § |9y, azﬁrms-aﬁﬂ!
FRYA F1 ITE & S A1 T THY B

A
e

o 2.20a) = (8m)

e GRS S
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262. TFHZS &S (Extrude)

FIEFS ¥ TFHES FHS H SN 3D wefem i s 1 4 v W am A w2 fw
S 5 xy, yz IR zx S 6 Sl 91 391 % orER @ A e T € of i SR 3D
wieet A 9E € W A FAS ‘EXTRUDE’ 0 & a1 31 ot 0 og s = 9 ST 3%
39 3D Hiwe ¥ a9 W FHA 2 A AT smvE w8 TG L A oE F ¥ S wIn-TEh
IS 1 ST el wHiE % wg w5

TFNEE FHIE I0ER FX & w0—

1. TF 98 3RG 91U |
HieTe T ¥ TFEgeS FHE B 9w

3. a‘lﬁﬁqmaﬁ@ﬁm{saﬁ%mwﬁl

4. F=E fAfde =)

TFEESA % 9%, DELOBJ faem dftwser %1 3fen % amum oo sifevae 1 €1 foan s &
AT Tl e 2

o

1. 2D sketch of a rectangle 2. Extrude feature or “pull” 3. Confirm the extrude feature,
the rectangle up a cube is formed

ot 2.20(b)—TFgE *1 UGN FX & W TN

ﬁwvﬁ—emudem%maﬂEﬁﬁﬁ%mawmnmsﬁﬁmmm%mm{g
7! fem ¢ fraffta e @ 2

(a) (b)
fa= 2.20(c)—TaHEE ] (a) taper angle (0) (b) taper angle (10) (c) taper angle (-10)



36 FYH TS fesmed ﬁ‘ﬁ-aﬁ clig =

st # e oft fam & argeg o waege fR S we

for 2.20(d)—Ta9m & FTEU TFES
27 oA wew F@-gAE, e AR Fevdey & SUEnT ¥ HIw oW

AT (Creation of Composite Solid using Boolean Function e.g. Union, Subtraction

and Intersection)

Boolean Function 919 “gfga’’, “wadae’”’ 3R “TergEe) dF IfeER SR 6 ITANT 3 3G
e A T S 2l

fax 2.21

2.7.1. gMIA (Union) |
Ifem ety ¥, 5 e e 3w 3 A © Wy e i s R

fax 2.22

272. WESEE (Subtract)
A 3 '
o ST H Th 39 91 3G BN S (overlapping) SR 39 % AT F1 et fear
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fax 2.23
2.7.3. WiGeBEA (Intersection)

A9 (intersection) ATRYA ¥, < 3" T H THFG AR 90 F B A9 9 w1 FTHE
e <mam

o= 2.24

2.8 3 HT YA HFE AR W AR FHHE Shell, Separate Commands h1
ST FTah TR AT A- 0T &1 GNET HTT (Sectioning of Solids and

Modification of Solid Edges and Faces using Solid Editing Commands—Shell, Separate
Commands)

afferhe 2000 ) wedt, 3 USidl # THH HURA 9gd HifHd o1 3§ wa R 9w W S
(chamfer), foere (fillet), TEE (slice) & TFATNE (explode) Mg Fo wiftrd foFal =t ST W ot
aﬁaﬁg2000%faﬁam@fﬁ@éwﬁam%ﬁmsouDEmTaﬁsﬁmaﬁnwmﬁaga
TR fysey 9oy &1 SOLIDEDIT F Y@ YR % 39 HUGH YeH Fid t—

1. AW (Faces)—J¢ fashed A 1 HUEH FT ¥ Warm o €1 S 39 % SR, e, s,
e, TR, FIR, FER G H AHAT FA F A TSH F@ 2
2. TS (Edges)—RFRi &1 401, Fd, TR 91 9 Tha B

3. WA (Bodies)—Bodies ¥ faed TH ¥ ¥ 3@ W @1 R ¥ TF 5N O, M, W,
e 3R 3| # W S 2



38w [R% feoe wd A=gihefin

2.8.1 Wiﬂ'l"'ﬁ'q @¥9 (Section View)

mzaﬂmaﬁtmﬁamﬁfwﬂaﬁ%lwﬁﬁaﬁnw%mmﬁmml
S €1 I F AR T ol F1 SR R, T AR we A SR 36 A gy
B ST S S T R SHaRE ol B e ¥ g S % T Hi §aE B AW W g |
FLTNA G¥F FET I B ST ¥ FY v el TR dash g qwin @ R wedhy
(crosshatching) I1 HRFT 3R F&T TNl &, GIFIA: 3 T¥F Tag & WK 45 fem W a2

I 39 o wR & @ T i—

1. Ui SFHURT (Full Section) - |

v frel i & Ffen @ o s % ¥E @ TR € @ W o 36 9 A
arm Wiz 2 ¥ sitedE o W g 29 § ol T % W S A A @ 39 T @S (Fy
section) F&d Bl |

LY

fast 2.25(a)—q0l e

2. AET ATHWT (Half Section)

va fedt sffedae & T g qm #1 HET @H G FHIEUH §9 (imaginary cutting plane) 8 FF
fean s sl amA ¥ w2 g # oo o faan ww i 99 HE U W & WY IHH Y91 5
(Projection draw) ST §f 39 YR &=1T MU U7 1 3G T H amn @e (half section) HEd &1 A
WE F1 WA S AR T F siafiw e w5 e F o fFa S 1 s g @ A
quﬁmmaﬂtMﬁfmﬁfﬁﬁmﬁ%mmm%l
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o 2.25(b)—3nen ww
3. {2-‘1{2 ST (Broken Section)

waﬁwﬂmﬁmﬂmﬁ@mmémmﬁw%wmmmwaﬂi
S TS T F WA T&1 W M T (Broken section) 1 T3 fFan s 1 W ot sitsise
mmmwﬁ@ﬁ%mﬁ@maiﬁmmaﬁmm(partial),a‘lar-{(broken)maﬁ#

loken TE F&d B
o &
= f N

o

@ 4

fax 2.25(c)—Hw @
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4. Ydeag FATIRT (Revolved section)
& et g & Hfen @i WA 9%g FH 318 % TEEd Fed € A arad ¥ 98 ST FE B 3

S 2 F) T F F5 @ A TOIHH TG T G F e TS (Revolved section) T §

—— e —————

fax 2.25(d)==3aTeaS @E

5. f4 3UTT (Thin Section)
TqR T Y H1g H T (sheet metal )y, <12 (plate) afE Tg 3 e selish g S @1 HiiE

39 YR ¥ 75 & fg@™ ¥ ¢ $@ 78 e S Thin section FEd ¢!

N
- @-@ e -
0 T

6. AEHE AT (Offset Section) |

T YA ¥ HE o Qe 3R sisie F ¥ F TR 81 W fhet awg § v wfen qae
F 9 g frer @ we T A 2, @ 39w HN waw w) W A awa faw o & ok d A
YR A H Gag g7 BFa S & IR T B Fed THG N Gae AEAE B ar #) HEm T
W1 (cutting plane line) ER1 T ! HI2A F J¥EM I HRE W g ¢ R I e ws (Offset

section) F&d 2l
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o —
e

e - —

- ——

faa 2.25(H)—3ATHEE @S

7. €EES® AN (Auxiliary Section)

frdt fssee ® 5@ Hfen dae 1@ & |t 9=, (co-ordinate) % HOial (parallel) = g,
T YHR & T § YRH HE F GedEd TS (Auxiliary section) Fed €1 79 W ¥ foau sifevse
@1 (inclined) H1ed 3 7% Yo 7&g o fagd i 1 it fawqr (internal detail) # TN &

fou A faRan e €

faa 2.25(g)—¥gTAE ATATT
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2.8.2. HUTE FIWAT (Command Section) \ : g 5. 14
Fegall F W T A HEF 3D aﬁwmwma&éaﬂaﬁmm

stsda 3 RTT STem-STe &% T € : ,
ﬁqﬁrﬁaaaﬁﬁﬁ@@mmmwﬁmmmﬁgﬁ%ﬁﬁ— .
e)

(a) T (b) Z-318 (c) View d) XY
zZX (g) 3points . |

8 Object—TF 9, ST, TR a1 SR =M, 2D g, A 2D DR R EIRERUED
frr 1 WET F T I

(b) z-Axis—ﬁmﬁﬂtaﬂmwﬁgﬁﬁEmawﬁﬂmaﬁwﬁmﬁam%aﬁv@m%z
mmmwwaﬁrn‘fé’a

(© View—a@ﬁw%%@%%ﬁm%wamﬁmﬁm‘r@ﬁaﬁm%

(d) XY—ad®H UCS %Xyﬁmﬂ%sma@wﬁmmaﬁﬁ@am%:

(e) Ypaﬁqmucs%yzﬁw%maﬁwﬁﬂﬁqﬁﬁ@amél

() ZX—WUCS%HW%W&IW@?@@F@HM%

é;ﬁ—rqeﬁ-—rﬁgaq‘ramacrq‘mm%:

(g) 3points—HFATT @ 1 g H

283 Shell HATE (Shell Command)
W@—WBD@H@@WWﬁW%Wﬂ@@@WﬂWW%IM

wﬁww,m,@aﬁﬁ:ﬁmaﬁﬁﬁﬁmm% 3D TA@ % shell 3TEHA ¥ 30 FHHS H

w74 fea 1 9% 2
ADToBE" -Visushre  Niew,  Mansge

Annotste . Parametnc

Heme nsen
L‘ ' ﬁ > W &S . Presspyll % Slice. @ Union
'.' ‘,.) .;-;1 i '
cond @ ] Offset £ l_,,' interfere (07 Subtract

«  Extrude Revolve Loft Sweep . :
- . & Fiet Edge ~ Y Shell + [ intersect: 4 Ne

History

SG!l-d Edlﬁng v’

f.‘edc'mq -

Dl’:mﬁg’

fet 2.25(h)
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SErFe H TW HHIS F ST A F g Prefefad =00 R w1 20 8—
1. FHIE F ThHFT W (I 3EHT | TF f5e1s AR
2. 3 H T AL
3. %2 WM 9 WAE G FE
4, AHRe g ffde =t
Before After

Before After

fert 2.25(i)—Shell HHTE T ISTETTT

2.8.4 “Separate HHTS (Separate Command)

TE AR Fae W-TTTHRRET ATy F e Fa € e gF STRYA g/ Safsa e
T 1 FhR-eft T R T aegel B wEeR @1 SE Gued B ¥ fAT AR B ST H
AT HAT Bl 2l

(i) Wi wfefen e w faes =

(if) SRR efen -z

(lll)maﬂgaﬂaﬁqﬁ
(iv) 3D Wifee stz 1 997 F



N’OF&R& - Move 2
,'..f 3 L 3 : (-:‘". =

severdl non-cordmucus volumes

vl

| e SOUDEDIY

Fog ; i
{ Press F1 for more help i

fa3 2.25())

Separate HUTE ¥ Uget
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‘

Separate FAS & A
o= 2.25(k)

2.9 3D Array, Mirror and Rotate AW 3p ARIA &N
(Performing 3D Operations like 3D Array, Mirror and Rotate)

2.9.1 WU (Array)

ammmvga”m(W)ﬁﬁﬁmﬁﬁmwﬁﬁmaﬁm(m@)ﬂﬁ%im
o 3 forn, el oi T #) T SRR % e g @ PR wen f g s
%m,a@aﬁﬁmﬁﬁwaﬁ?ﬁﬁﬁwﬁﬁ#ﬁam%l

3Dmﬂftﬁmﬁ,ﬁ?€rma@%m?ﬁ-—rmmmwmmm%lﬁqmﬁ
greoit ¥ fera wiem (X fasm) i e (Y faen) % ofermEn, W & wE (Z ) e #3d €
o foreh TR 35 e g A H e o Tl A Fide w #, s A A
mm%nwmmmmaﬁaﬁwﬁaﬁﬁﬁmﬂnm 100,000 7% Wift Bt ?1 3
tﬁmﬁrﬁ@ﬁﬁ%ﬂmﬁ#ﬁﬁmm%n

O

©) o O
@) (@ @)
) @) & o
ooooooooo O O
@) @) o @) @)
@) O o o /‘\Q
®) O o O o ~
& (&) (@) OO/;
) @) &) o X
o o © Oc/ O Cg
o O o OO
@)
oooo b O
< A
(b) 3D g wUR

(a) 3D EAETY ATOR
o= 2.26
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2.9.2 Mirror (Z4uT)

Tufa T5gell A IR & AU mirror FAS
g SuErt @ e R v # divd F

Fo iR W G 21 qdu BfF T ¥ fag ’
A @ TEE TS Y & Gy F aegel &l
fireTT a2 TS foT TEdd a7er iR wEdA X

WO 1 = R S 21 36 9% i 180°
ST ST 2
i @ frefafad ¥ @ TF 2 Hehdl 8—
1. 3fsSige &I Gagl
2. Fd9E FHITE F XY, YZ I XZ % G
3 W fffe fig & Torar 2
3. i feigatl g aRenfyd T Haa|

2.9.3 TeE (Rotate)

IV F, T A el e A P w1 0 (efier) | T < E) TSI e 4 S @ e
31 38 U F forw Fo7 SR T2 e Y STEEE 2 TVA iy, y A 2 1§ N TH & A L
3D aifsiee F YA F 7T, ROTATE T.ROTATE3D # T F FHhd &l

T~ 1~
'~
’ [t ’
(o
]
I
|

R 2.27—XY & ey wfafas

~

/

/
/
/

N \
e R L

'\
\
e
’
'
e S L

X-axis Y-axis

fert 2.28—3D TRVA (x,y,z AL & WAE)

2.10 Fillets 3T Chamfers T TRIUT (Creation of Fillets and Chamfers)

2.10.1 UfEeT (Fillet)
UfeH T W19 % R Q) aega B Sredt § S gel % TR 2 ¢ qo T fraa firen %1 9 @

T 38

| (@) (b) (©
o 2.29— (a) firete @ gt 3@, (b) Aoz fremn R & w19 T, (o) fimole BT R = 0 % @19 3|0
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A. 3D Fillets

3D 39 % e I fF 1 U uigen
(Fillet) ERT STl ST Gehall 21 forelt wfeen =1
Rfyd # & faC 959 % 999 & IWiE
219 & TR a1 998 &1 999 R s 2

2102 dwd

wT%zwf : afﬁn gfaalmlllqﬁa‘—elgga@,‘im ﬁazso—(a)ﬁﬁzﬁuzﬂa’m(b)ﬁﬁz%mah
ﬁﬁmﬁ“mﬁwhqﬁqﬁm%ﬁﬂﬁmm%l%ﬁaﬁm%mﬁﬁﬁw
foFan ST 2, U7 19 O GHTE Bei (face) % ST 45° % HIOT W ISR ¢l

m@wr@%ma@aﬁzbaﬁaﬁ%mﬁgﬁrﬁ{nm%ammaﬁﬁma‘rmm
TS HAS & o" TF o[ F1 80 T 2 |

1
- = il ]IDZ

.
|
L
.

fors 2.31—2D A%d & IV

2
~E

Chamfer

fa 2.32—3D AHE T q9E
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T
211 oW Tl & ST (Dimensioning of Solids)
WET mm aﬁaﬂ o a:ﬁ_{ ‘Tﬁ ARROWHEAD DIMENSION LINE
ot e i R1 o uw @ e A [ B / G
% fmin & fo saves Faet T e T %, uxx:i/—/EXTﬁgglon
@ B - w1 wem s = - T
1. Wetwman (Accuracy): §&l 9H faan
S =ifeu)
2. TAdeman (Clearness): 3 ! ST [ —rxx
W@ R @ S A x
3. quiaT (Completeness): F& i T& SISl R
W =T, ok Fo o Te S \ / }mrnltl;_
4. USHIGar (Readability): IUgHAT & ey 8 mm
fe Suger W e 1 STE R
ST = _i_L.. 3x-.'
W dR & 3FR & WY AW qH i FgE & :
w0 ¥ fou o ¥ 2@ g€ § (o7 2.33(2)1 ot 2.33(a)

FET, I F HER B QO THK T AA- IHF W Fau G F o = I W G
WA F W9 w0, ok A el W B R # v, w@d ¥ R oft 51 R o
o s @1 57 T H R @, fas sl Rl o % B ey B 9 @ fdawm
el 5 2

>3 Local note

C' Bore
I

Dia. 28. deep 25

R15

dia 20 deep 3
- N
oy
L 45 ~*_ Centre line used as
90

as extension line
| =

|«

o= 2.33(b)—Dimensioned Drawing
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2110 fafiasn & fagi

fadrro % ARt fowm freafafag 38—

| fafefe B gof W Tw w | wefefa Fw F v mi smevas i gEe TR ® sefi 5

T EnfE)
3.mhﬁﬁmmmﬂwmmﬁf$msﬂmﬁﬂraﬂmmmnﬁ@mmﬁmm
ol 31 gwa W femr 5 sEvreE 99 B ©
fom 1 39 gva A femmn wfen fomd we ® e w9 4 da@ W wH

SR T WA B ) e v e e # v fe s e

ST a9 °9E B fam B gvm % At el fem e =

fom =1 w3 T g wefdlq o =g 1 F7 =9 7@ (hiddendines) SR
. ¥% T@sll F 9 W W@ W ¥z W Hfsa w0 Aew

S.. Towm Y Wi g 7w wm it ) frew T F v g e fad o e 5 i

TE BA =)

211.2 Tawr &1 faraaw

&9 g9 fam T qael Wad T g @it S i) gay T & gatad fae T 3 gren e
% Sie Ire faae fadigstor 1 e ®1 afe fadfe. 1@t & &= g9« = = 8, 91 s e
! fawdia feon § @igd § 99 S IR 9 2R § g fem o Hadr €1 weii-shd favng feafa
ﬁaﬁwﬂﬁﬁﬁmﬁwmm*ﬁwﬁfﬁmmmgwmwmmm

|

0

N ow s

30 | L 20 | 110
S RS
| | |
30 4 %20 | || L
N || i "
\\/1_0
3 o| 10
j‘ 2 ades =
_,_“___ ___/T_.ml" _T__
| |
£z 2,341l e T ¥ @™ & I
e T@1 95 mamﬁmaﬁmmmﬁw
T@zwaﬁamma%maaﬁ%mma
offex T F1 gaTS B fel— — I Wil B e s 1
(i)@ﬁﬁ%ma,uﬁ%mmmmemm l
T 2 U _
(ii) wﬁvﬁ&%m&ﬁ%m%mm fg 2.35—f® T & AEW

HAT & €
(i) faen e fomg o AR W %, afz & frfia T@ T HE
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A

i) (i) \
firx 2.36—vftex @il @ wuIe

fr Y ¥ wfa fag = A v o et v g SRR T T
S €1 AR ot o o 150 2 R - =

mi@#mﬁzﬁmﬁﬂamm%gﬁ%mmﬁ 7%
ﬁmm%lﬁuﬁﬁ%mmaﬁg@maﬁw&lm%m Y &
faz § feam T 2 | ﬁaz.y—?ﬁrvﬁiwa@m{

mﬁwwﬁﬁaﬁmmm%a‘r@ﬁwﬁﬁ,sﬁmmmﬁm’zﬁ,fﬂéﬁm%@mm
mm%lﬁtmmm%mmwﬁ%ﬂ,w%mé?aﬁm,mém%l

2113 fam &t wehfa &6 & fafeat |
L. ety fafa—f €1 fo Y & e, SR e qui. o S e foE i $E TR fr
S % £ TR TEn % A A e W W vel o O fwst fom e W fam w6 e 238 %
FER foen < 2
2. T fafa—fm & =9 YR TRRI fH9 @ § B Fad 39 RN & A @ I W §
T fam T F1 @ra ¥ wed & @l e ¥ fam faan s 2 (s 2.39)

T— r ] |
Pl - gy —f —1- 930 ¢80
, 70 - i
i o - |
? -
&\ %‘li L% |10 |
P, L 70 ] “
faa 2.38—wtwita fafy o 2.39_fawmdty fafe

e — 4w fam Yan 1 vwis <A fafe & fon fow, ¥ fow o wfeq 9 e <
2114 IFpfadl & ggam |

(a) TG SE FE F R F) T e 3 ) |

() 31 0 o 1 g i e g |

(c)aﬁaﬁnaﬁhwﬁ%fmtrﬂmm% |

(&) "Mt s 71 froan el et % forw, Sk 7 sy ey &

(e) meww&hm%mwmmm%%l
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2115 fam =t ==

I % Fon T WE G @R T 9 e sww fe e A g e s —

(i) sy fammeTe

(i) T T

(iii) Ggw faamao

(i) mm—mmmmmmmmmﬁmmmm
(tolerance)ﬂ'@’ﬂﬁﬁ'@?mmﬂﬁwwWﬁﬁwﬁﬂgﬁmél

b
(3]
<

ol [y 5. SR 1L A
!

™
(=)

. 160 | 30 85 13

T 2.40—@en famraszot

(ii) WU Tme oA ST, FE9Em T T @ G e sl A ferd
€, 39 S F1 I T o S €, Wl AW U 99 0 SR A gatud 3 ¥

272

fox 2.41—wwrar fawmwto
(iii) mﬁwmm—aﬁagmﬁgﬁmmméﬁfﬁﬁmmmmmﬁmwﬁ%u

—




512 2D it 3D ufEdd: I, whfer, WevH, U, g, AfE oin

f&&TUT (2D and 3D Transformation: Translation, Scaling, Rotation, Mirror,

"
|
|

Zooming, Panning and Clipping)

FqiaT9] (Transformation) 1 Haed fdl f=m =i F—]Tllaﬂﬁ; foret fa= o1 foRdi {{:ﬁ( ICER] T ‘
2141 €1 ®YraT (ransformations) fodt sfa & %ﬁl 19 37 sifafa=ra &l ee @l Skl 2 Tg'ﬁ!mﬂ ’
A SO STAR (translation), FFRT (rotation) 3R ¥aHA (scaling) 21 o= afEad 1 qmg,
A W AR B T, ITAH Afafed 37 HAR (shear) WHA Tl

Fé o7 T T, T, 97 1 SisigE | o A &, fore e fo o shfafed Fed €1 o
% P, AN SR sfufaar § seem Fn Sfeet @ e fom oA 91 Al B

FIA (Transformation) 1 S YR § fasfed w7 dhd T—

1. 21 3 wuimor %

2. @ s wuiwo |

2.12.1 @ AT TYEIOT
S EUAOT H S AT Hag H fpa Sn g o 39 <1 A ®uiall H8d T
FYRY &7 ®9 ¥ = TFR F e 6—
A. Translation
B. Scaling
C. Rotating
D. Reiection/Mirror
E.

Shearing

A. TEAYH
7E el 7% 1 v, feufd § gud fefa 7 & o 9 wfEn #1 s s 9w o w1 A
TR E T T fHanmer 2|
. ﬁg @l af.”l“s{ l_gw W g-q 2,‘119-“'?!3 ﬁ-é Qri‘:h (T\ T\) El"ﬁ =X #, H\?"!"Q{ﬁ 'ﬁém.[a; (:,\'_ '\') 'E{ a\]g Bl ﬁ]’cn ;
7 {989 &9 Ju Feyms (Y. ¥ WS a7 |
TR s 242 § 9 fefate wEe fam ww v
X'=x+T,
Y'=v+T,
(7,. T,) &I TrEeRH 922 I1 R 59 Fad &)

RECNER: o
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4

7-

6 -

5 @®FPK.Y)
: 4

34 @x'
2 P(x,y)
: 1_.
|
| T T T T T

0 1 3 4 6 7
Translation
faxt 2.43 g &1 ZEAYH

Wﬂﬂéﬁmmﬁ%m,a@ﬂﬂ%msﬁﬁaﬁ@#ﬁaﬁﬁwﬁmm%lEﬁhﬂ‘a
aﬁaaﬁaﬂmmaﬂ%%mmﬁﬁmmwmmﬁmmél

4

1 LR

I 1 I I 1 ]
Original position

Polygon after translation

o 2.44—EY T T

B. @hfeiTT (Scaling)

Msﬁﬁa%maﬁmﬁ%mﬁfﬁﬂmm&WW%lﬁmaﬁmﬁm%ﬁm
o 3 e e 33 & o fe dph AR 20 81 e A w0 3 forg for 3 e
(coordinates) F1 Thfe Ul & Tg oM ferarl S %I |

mﬁsq‘fﬁaz%gaaﬁﬁ%mmx,n%,ﬁ:ﬁnw(sx,sy)%aﬁ;'gﬁshwﬁ%mmgm

TTWE X, 1)

T T i ¥ T § FE R Y e H—
X'=X.S @9 -Y'=Y.S,
ﬁﬁnwﬁr%agmaﬁxamyﬁwﬁwmwém%



fax 2.45—a & ¢ TTfaSF faF b & d Tt o

C. W¥A (Rotation)

v H, F5q H ol 17 & woh fordry 17 9 (dier) & o 2 &1 oMY Fad 2.46 F 2w T E
forg P (X, ) it @ 7€ aifet X a1 F Fong W from € aen W g A g0 - W e 2

'}

P(x',y')

L—+P(x,y)

0 X

fax 2.46

A % S 0 H T e §) g % A & T point (X', ¥') T B &)
faromerd faem % A & fog Ay (Matrix for rotation is a clockwise direction)

R < cosO sin@
K Sin® cos@

R_[cose sin O
|-sin@- cosg
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p. 9faféE@ (Reflection)

@qﬁaﬂ"“?@lmaﬁaﬁﬁm%ﬁmﬁnﬁm%‘imaﬁaﬁma»mmym%
Hﬁﬂ@ﬂﬂﬁﬁ%lwﬁmﬁmmgﬂmw%l

ylafas & A
(a) x-3T& F WOY
(b) y-3I&1 & T
(c) XY T9ae 3R A A [oRA Tt o1t 3 Wi
(d) 9T y =x & G

(a) x-AY & ET&&T——
y-axis
7
1 0 0 /
a------= b
0 -10 X-axis
0 0 1 a'v b’
cf
fa=t 247
(b) y-3GF & WAH
y-axis
b b’
-1 0 0 L]k
0 10 x-axis
0 0 1

fa=x 2.48
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(©) XY W9t 3R y& /o O oy & wnw
y-axis
b’ l c’
-1 0 0 ;
a
0 -1 0 x<Axis
|0 0 1] ib
C a
fax 2.49

d) my=xa?m

faw 2.50

E. Shearing
% ETY (transformation) object i shape #1 (fawan) slant & 2 3H shear transformation
#F¥4 %1 Shear transformation 21 Y& %1 E1dl §— X-shear 3i1 Y-shear
™HO UF X-=A409 (X-coordinates) F1 value #1 shift FA1 § FafE TEU Y-9q99 (Y-coordinates) #
value %1 shift %7 %1 wIENE 21 29 (cases) W FAA UF coordinate B 3T coordinates F T2
(change) ¥ 3 7T AT value W FTE 9ftAdd T Fra 4
Shca'ring E2| skewing o FEa £ ’
(@) X-shear: X-shear % # 3 X-coordinates § 9frae %1 # 37 y-coordinate & wrf ofradd e
A ) fa% w2 T (vertical lines) AT 7 ZrA AT gH WA ¥ Sy fa faw 251
g famrm o 4
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X-shear 1 transformation matrix & I wefdfa e mn #)

1 0 0
X, =|Sh, 1 0
0 0 1
X' =x+Sh,.y
A ey
(b) Y-shear: Y-shear & § 98 X coordinates ¥ SEATE FIl & 3 Y coordinate W SISe T&l HTel
o=

T9E W &fes T (horizontal lines) ¥ lines & transform & /A2 S fF TR a1 =
T gH T O B S e o e 051 N T@ g% 7

Y4 Y

— X —X
0 0

(a) Original object (b) Object after y shear

fa=-2.51
Y-shear 1 frfafi@d matrix & BT represent fohan wimar 8—

1 Shy 0
Ysh=|0 1 0
0 0 1

p X =y
%

3R
2.12.2 9 AR wUEIoT

T W 1 A A wae H R S @ @ S @ s wuia e §)
T T FY § 9 FhR F B e—
Translation

Y =y+Sh.x

Scaling
Rotating

Reflection/Mirror
Shearing

woR W

1. Translation

Wmmﬁ@ﬁuﬁﬁ@ﬂﬁmﬁrﬁémﬁaﬁm%wﬁmaﬁmwwﬁ
TR T R i W #1798 WA 2R S5 F 36 F06 B 9 13D ziede &
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a%m?ﬁ?aﬂ?{x,yaﬁ'{zm%l X—ﬁ’?ﬂﬁg‘i’@lﬁ?ﬂaﬁ Tr,}’-ﬁ?“ T\-Wz'ﬁ’"a‘mlw
IwEm fEa S o

e P e T fig & ford A femedl (v, v, o) B TR A 8, § ZiEeRA % 91§69 fw (o
)’1.31)_6;‘?"

X =x+4 T".
-\:' =v+ T‘,
g=z+1,

Y-axis

t

|~ (x,y', 2

(x. y.2) sl

# X-axis

Z-axis

fa®-2.52-—3d ufge Zradym
oo o Fedeh Y @ Ao f-STan Zieerm R s 31 afe fadt ¥ ure wA €, @ 94
ura fagsil #1 T T W ZHERE 0 0 e s - Rl

Y-axis

6 —= X-axis

Z-axis

fax 2.53— 2w ZraeyH
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3¢ ziwave fgwn-
(4 0 0 0] % £flaw04 0T
Jo 1 ool oo T
0=0s 0l oo, 021 T,
% T, . 1] 00 0 I

et g (v, . 2) & o gioeied deex 7, 7, T. ¥ o 5w foig o fom Az gt f1 S
q foman smom— '

x' 1 0 0 T,)\(x
y1_(0 1 0Ly
21 lo o1 T,|:z
1) lo oo 1)\l

TEN—uw fiig & fdwiw 5, 6,7) §1 x-fewn ¥ 3, y-fewn ¥.3 sl z-faww ¥ 2 g gwAVR
feran omar &1 T & ¥ fafa & Fdwie fremfem)
TA—

fag & fewi® (5.6.7)

X feom ® TroevH J9 §=3

y fem ¥ ZraewA J@t H=13

Z fem # THavHE IR H=2

ey Afeaa—
1 00 0] ([100T
0 1 00 010T,
. or < ’
10 0 1 0 00 1 T,
| I LARLT (B ) € iagPigh o
e A F W fag % ToE H T FH T
1 000
' e 0100
(x’,ng)=(576, ’ ) O 0 ] 0
33 21
=[5+0+0+3, 0+6+0+3, 0+0+7+2, 0+0+0+1]

=8 9 9 1]
.. 2)=[8.9,9.1]
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2. Whfear (Scaling)
ﬁﬁnmmmm%maﬁmﬁmﬁwm%ummwﬁ;wm
T SR 2 WHE F A e S, 5, e s, 3
SA.=x-F€¥ﬂﬁWm
S, = y-feam ¥ wHfem Fis
':zz-ﬁmﬁ@:i%‘mm

T

whier Afeag—

e

-

L o
DO'

e T

o o o

o 2.54 318 whfer
i
3. 99 (Rotation) \
e ¥, e 1 el e A O e A0 (efen) | 3 1 e A o geonad @ W
?1 3D T, 2D VYA F qorN # Sfeet 81 2D F AU 79 AW F o1 v iy ey ¥, A 3D \
UL F O H107 AR AL 1 G SAIYIF €1 e x,y A 2 W A B

Y-axis Y-axis Y-axis
/k\ )‘ )
Z-axis X-axis Z-axis : Z-axis X-axis
o 255, y, s 0t@ & At § WV &t gy &
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TWeyA Afcaa—

10 0 0
0 cos® -sin® 0
0 sin® cos® 0
0 0 0 l |
[ cos® 0 sin® 0

0 1 0
-sin® 0 cos0
0 0 o0

R .(6) =

 R®=

-0 O
1

[cos® —sin®
=y 0

0
sin® cos® 0
1
0 0 0

'—‘OOOI

4. Wfafe® (Reflection)

34 fordl 9% =1 901 wfafsra o e s 81 o fow wWEde e SR gude WEdT &1 99
m%rmmﬁwﬁrﬁﬁa‘raﬂmﬁr%w%lmmm180°wm%|xrﬁ1ﬁa%m HqaE
&1 997 foRar S € (v, xz T yz)l

Y Y
X
X \2 >

R 2.56—XY & Qg wlataa
1. XY @aE & gdur Afgaa—

(oo TR =
S D
|
]
i [




62 wre UeE fevied To Ak

; I
2. XZ |ag & Tdur Afgam— -
100 0
0100
0 010
0 0 0 I

3. XZ gag & dur dfean—
1 0 0 0
0 -1°0 0
0 0 1 0
0 0 0 I

5. @dx (Shearing)
ﬂ%m%mﬁwﬁaﬂﬂélsﬁﬁyﬁﬁmm%mﬁaﬁqxﬁwmY-ﬁmmﬁﬁw@fﬁg‘z
TFa 1 AfFT 3D YRR ¥ @ fewmsdi A & g 2

fea 2.57—@®d (Shearing)

Hd Afeaa—
I 0 a O
01 b5 0
0-0-1-.0
0 0 0 1
6. Zooming

S e wfafa Rada fFar € S mitherd Wioeaa § &M &1 STt 81 SfHT o w9 F A T
IRt & PR % SHER i ¥ fRd ue e § UREdA (transformation) ¥R 2 &1 59 WFT
¥ Teq THET B WEE IR R (R W % a9 e 'R R Ar] R s 81 fode fmd
1 I DI T T &1 ST F AR § Hfn ST g F g fele F e s §1 S
& o I R B T FE N TS e Toq F1 ST 31 91 F A a5 B ¥ v I
R aR foRan s 21
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— — | ——____—]
faa 2.58—3w &1 9@

7. Panning

i % SR ST S A e G # e e S IR TR o % SR
% o d o o fom B ¥, woft o T @ e 91 @ TR B 90 WE 9 9 ST ¢

sl iy

o= 2.59

8. Clipping

v & o foe #1 & s 9 SR FrEE, 99 7 had Shie AR EevE SEvad gl
¢ afess fos o1 S99 21 9l 9 Sl YgEEl S SEvdE B @ S S 9 A el Bfg % gvEnH
3t AGTT 9 H TG FH B AR FI i Fe s 21 i g0 a9 B g 3R IR W
# fruffta sl 21 gvERE 9m 5 S 2 qdn oy fewm S fen sm @1 swe wfred o faafim
1 Y TN I q, A, TN oA T g for fRn S € S e wn & Il g 2

Ay

4 ~

o IPK
N AN
@\ ()

fax 2.59—() fofun wga (b) fomfun & &g

1. tifes i in-tfes W R @ 82
2. Wifes ain iR-Tmifes w0 &1 dfes 3o w2
3. frafafaa Faie =1 ST aad
A. REVOLVED

B. 3-D FACE
C. PFACE
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64 FR TRT fedRA W A=pheErn

el SR e Y N

10.

Il.
12

13.
14.

15.

D. RULESURF
E. TABSURF
F. REVSURF

G. EDGESURF

_ 319 IEY 999§ feueT giteast & S9An Sqid|
. frsl < feums A #1 fawr ¥ 9o X
. 319 WEY H Gehoddl gusy|

39 Afefe aEe = 8?2

39 % fesmgd o #1 Ieer@

=4 fagra 9wy

3 TG T B Y 27

e HeH /R

SECTION, SHELL, 3k SEPRATE ®H€ & SY4RT F1Q|

3D Array, Mirror, 3R ROTATE &H/€ & 374N #{h.3D vE &34 &1 fafa s
39 H AW FH YeRia Fy B2

2D 3R 3D IR % fou whfer, Fewm, S Ofm iR faafi FAme F1 ST s

Qda




3 3.0 €9 ¥ TN & @
AT (VIEWING OBJECTS IN 3D SPACE)

31 TGN & fafam gual § @A (Viewing the Objects in Different Views)

AR SR Tt ke fafm g fafiel w fR &) axgedl & fafim gl § Qe &
fere @ srger TF—aRiea st TEHT vdTw, ger w9 § s Ry s §1 3 fafte e &
foagia W smefta 8 e fagia A 3D sifssae it @vameh #12D Hifea W Y@ # &1 fasma
Hfferd 21 39 w1 1 g w0 ¥ for fasfaa fen o et § 9 uE w1 s fo 301§ feamn T
?, i frdlt og & i 3 @t B 23 ¥ fau G ok BEeh Wg  faes T

T+t gargor fagia < = UfdRl W snaiiRa € gfe 9 3 (line of sight) 3R W& 1 T6E (plane
of projection)| ¥ =R fr=fafeaa i & dfira w9 ¥ afvfa fwv 2

Parallel lines
of sight

fax 3.1—agera gfeawinn: gfe tar & wng ag # fufa sTem
B} & @ T F AT- 7T gV a1 w® 2
32 URWE@ (Diffinitions)
Tegel W fafim gedi % @ & AU Ted e 38 IRE S 3 aifey) seieT $3 aeaf
sftamery frafafag §—
1. gfz = T@T (Line of Sight (LOS))—3f &t @1 F R % & Y fFdl 99 & & 4
atfiss TaRl # @9, 3D ®9 F U ¥ 9GS Fa 21 3L [ (LOS) THayE : A 3ii
T F fe gEw F T SIS B 2 e gdw ¥, gfe w5 W T fig W gw
Bl & et iR gAww ¥, gfie A wd dEd s A

65



66 F TS fewd T Axpherafin |
— |

2. WHUUT (Projection)—3afs fFHh o5 F ¥ (centre) it fafim fagell  Tr-oTET Wit 3y |
il S a9 37 @R+ 98 yoet (correct system) ® fam w st fax W%»Eﬁ“%
Fed T

3. ] (Object)—fSTe1 warqor Gian vt 2, 78 9% Feaw 2

4. WUV T (Plane of Projection)—7¢ 71 fire W TG F WA Wi T 2 A wy
(39, T B3 a1 fit we) W ety e woE & R W gfe F el g1 AT Wy
F ST fofan ST @1 B 39 feigall @ Srea fafifa @t o © el gfe #1 3@ vehw gy
R IfRfa w1 A ¥, 3D siasER F 2D Weu A weel e Sl 2, T8 IR o 5y
Sl R F A FHR G R T T She T1 ST SE S 2, GRA0, $ G Fea 4 |

5. Wiev &1 &fe ®ei® (Horizontal Plane of Projection)—f&d 95 & ¥iY Tva T F |
wIe iR TeTE F <l €1 W gvd vaw F dfew aw W 9 R T ) 7% T oy |
¥ Y gag ¥ THAR o 2 |

6. !ﬂﬁﬂﬁﬁllﬁm'ﬁq@mﬁle Plane of Projection)—f&hdl 3iissige =T UIvd X9 (side view) |
e 3R FAE H 2 Tg-g9 S H, T SR Gy HF WES = B ST W |
T AR F1 39, WSRA F e Tese ©F R ISR o 9 €, S o @ 2 a0 79 F
TE 3R AR B 2 |

7. WEQYd WAUUT WA ( Multiview Projection Planes)—ag5¥d T&IYT UF dhmitres Tromem 3
TR 95 oA wF & T8 a2 8, 3R sifesiae % 4 e femme wm # gfe 9 qumim
@ Y& TaE N AaSiEd Bl ¢, 5EF SR 95 F 9N F HEand FaEifed 51 s

8. yaqur &t HH@ ®eidh - (Frontal Plane of Projection or Proal Plane‘of Projection)—f&s
TG F 3 A TG 7% TG Aer R S # qwin 1 wAw w1 g@ qe 98 w0 b
9 R ©F Ay QET S GHA I T¥F a9 S

| a

'\ 4 Lines of sight perpendicul

to plane of prcjection Fo
Projectors perpendicular «é*---?f'w , ~ W;,o;" :
o plane | Object's depth is not represented &

(a) (b)
fox 3.2

9, g 1;3 (Observer or Station Point)—az fifyeg fag el @ aq 1 T@F wéww dan 5
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3.3 HQ":I'UT & TR (Types of Projection)

st ¥ e % fae @) vdqw yan fry IR §—
1. =93 W8T (Pictorial Projection)
2. EEIHITIE F&YU (Orthographic Projection)

i Cavalier
Perspective less focused at a distance ;
Varies
| General
| Projsction
Zavebese
mwmmmmml e
GebiieEls o Gnee o | o priocint| ;:,
:{mm Sight ’:‘.- m"""‘“ Appm :;)
SR 5 projection | 41 ! :
Linoas Perspacive~ |Converging;| Sometimes | Single view. oy
. (“Ong-Paint inclined to ictorial - @
-Yhese-Point:  © [projection
Ouique Projection Paraliel;
-Cavafier inclined to
~Cabinet plana of
e GONI0CR] projection
- -fsometri nomal to
“-Dimetric plane of -
. :ThidAngle . |nomalto
- {omferred) - |omneof




68 Fwyel URE fewgd w A=pheaftn

3.3.1 faa@a W&UUT (Pictorial Projection)

78 WA T TG W SER (shape) 3R WG (size) T & g A A W T ST
pictorial projection F&d ¥ Pictorial projection 1 Werdl ¥ & Ht S (shape) 3 ﬁr&m (delajh%
I T W HHA ¢ WY A GRE FERA (Actual dimension show) T FX m _%' Wﬁq%‘
S % 76 T S e S #) A vy e g B wd S S A H SR TR o g

vafere St sTEn & T 9 9 WA ot g § feEn F 0 (system) B o gy,

(pictorial projection) H&d &l

1.20

1.00

T/

faz 3.4

fasa &9 (Pictorial préjection) 3 ¥R & B §—

A. Efgs a1 TRIFES
N&TUT (Axonométric pro-
jection)

B. TXi& N&TqoT (Oblique pro-
jection)

C. 9fti&a W& (Perspective

projection)

Tic projection)

'—-_-_—-__'—l——_;

graphic projection)

(i) FAATY T84T (Isometric | (i) HeMCTT F&W0T (Cavalier | (i) WK a1 Ueher farg WRYE |
projection) projection) F&T9T (Parallel or One
point Perspective projec-
tion) 0,
(ii)agsﬂuy &9 (Dimetric | (ii) e F4TUT (Cabinet (i) o =1 fg-fag wRveE
projection) projection) S&TUT (Angular or two
point Perspective projec-
RSN tion) el el
(iii) Fr9gTeTs ¥ i |
S (Trimet- | (iii) RRMEIFS T899 (Clino. (iii) e =1 RS FET

(Oblique three point Per
spective projection) __J




T
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A wafas T Wﬁ'ﬁ'@ﬁ F@‘TUT (Axonometric Projection)—39 Y8901 # T T THR W1
‘m%ﬁmﬁ“@m(facseS)WﬁqwﬁﬁEﬁiﬁﬁaﬂtHWaﬁﬁmﬂ?ﬁaw
(picture p]ane)‘ﬁ gF (inclined) 1 3 wxifag TFERRfEE FETY (axonometric projection) HEd
3 7q v § T H T T T e 3 21 e weh el fa oot & wEeR e 2

RS YW TR WER 1 aeimies
i %I - P - : _ Plane of
T l q-@ T @?Fﬂ O ? projection
Ffed %I el &S (plane paper) WX ELS| ¥ 3D I sk ‘ Object

gﬂaﬁwmm@ﬁ%mm@gﬁ view
(image)ﬂﬁaﬁ?mmélqﬁmgq@
P 1 ST W R T SR T T F e
A % A T T R 9T, 7 sifeae ¥ 4
3 2D WA W 3D iedwe & Bfd @ wea
¥ 77 79U TH WAHS FEUU (Axonometric 3
Projection) hgeildl 2l »1

wafas, gaqun 3% 3D Hisd M
(Axonometric Projections and 3D Models) ot 3.4)
Eﬁ@‘»:&DCADmm%,maﬁﬁaﬁaﬁmﬁww%ﬁnﬁa@%ﬁ,maﬁxm
H!ﬂ@mﬁi‘?ﬁwwreﬁ%smatrﬁmﬁa%qmﬁlm%ﬁﬁwﬁa@ﬁ@maﬂﬁ%m
m%mgmﬂﬁwm%lm,mwﬁﬂwwmé,ﬁﬂmﬁ@sﬁa
Cwﬁmmvﬁaﬁ?mwmﬁ%mwummwﬁmw%,@ﬂa@mm
sifeae &1 2D T¥9 A B '
afaw‘wsDCADﬁwamﬁfmw%uﬁzm@rﬁFﬁa@%%ﬁ%ﬂumm%mm
ﬁwmmam%@CADﬁmemﬂw&ﬁ&qﬁa@ﬁﬁmm%
mﬁgqﬁ%mmﬁﬂﬁﬁ@qmmwﬁﬁﬁ@ﬁmﬁﬁuﬁawmﬁwm
R A e Fhd 2
Wﬂmﬁﬂ%ﬂﬁﬁm(oﬁentation)%wmﬂﬁﬂQﬁlﬁfﬁwﬂqﬁﬁmw{‘_
(a) GG W&ol (Isometric projection)
(b) =ERIOTJ&TUT (Dimetric projection)
(c) frugrese waau (Trimetric projection)

mmim

| Measurements are

foreshortened

g proportionately
Nl

[ H
T

(a) Isometric View (c) Trimetric View

fax 3.5
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(a) WHIAAA WATUT (Isometric Projection)

i | SR, df &9 T o 2D :
il ek Apmﬁ@ééﬁﬁlwzﬂwaﬁ%ﬁévﬁamw

- -  AB, AC, 31
%MWW%E@@A aaﬂ(ﬁ'ﬂﬁ'ﬁ$30°%m(angle)mwéaﬁmﬂ}q!

3R ¥ 7@ e T T G F FAW _ |
H&qUT (Isometric projection) Fgd & | gHiAdE H&qur & oA f&TR (three ends) i Tl W& ™

%mﬁa%amm%mwm(samescale)aﬂm?mf?wmw%l |
sifaitE ¥ wAfTa T&Y (isometric projection) # g & fag frfafaa fafe(method) way

fip T E—

(i) Box Method: ¥ method A ereEnofa g¥a (orthographic view). T HT RIS T8 i A
iﬂgﬁaﬁtéaﬁ%agqﬂ@aﬁﬂwmmél T T (step by step) T Fl 3y \
(shape) & STTHR gufia g9 (Isometric view) @ €1 Box gl 1@l 51 Gl S 2 3y i
mﬁﬁmuhape)mﬁ@ﬁmﬁmmﬂﬂﬁa@ﬁaﬁwm! |

(ii) Direct Method: T8 faféf (method) & el % Y fag S SR U $9 (topand
side view) Tz STAT 1 Top I 45° % BT T S e 15° R 75° & B R G w |
#) 570 ¥ wed FATW (vertical projection) sl g 39 (side view) ¥ 30° HU W TEW
@'ﬁ%‘lmﬁumaﬁ@éﬂﬁﬁwﬁwﬁw(view)wammm%ﬁ@mﬁm |
(DIRECT METHOD) F& ¢! |

(iii) Four Centre Method: 389 &l g (circle) F TAE T FTh rEga (ellipse) T &
Ta &I M A (sphere parts) 3 forn 3q fafe o e foRa T g zq fafa ¥ ga 9 REm
¥ STTER 30° F B0 T TGE 7 (square) T & ST iR =Y stell % wed fog (mid point) |
e &

(iv) Offset Method: J& T W&l <TE (ellipse) iy 1 fafa 31 = fafa & 39 % TR % e
Eav'a?f(square)30°%ﬁ?=ﬁUT"T{@?ﬁ%ﬁ?{mﬂﬁgﬁﬁ%ﬁm‘ﬂﬁﬁﬁlﬂﬁ%ﬁmm |
fafér (offset method) & farg T Ta I WA 39 (isometric view) Rk |

(b) ST FETUT (Dimetric Projection): <1 fireh 95 ¥ picture plane T FHTU A § A q |
qdag (face)pictureplane%‘ q1g GHHIU T a1 dad qag Rl ST STHE SIv | %ﬁg‘é@ﬁgl !\
TEH T o Q) TR (scale) AN R ST € 3¥ diametric WY FEd | FHAR! @Wm"mf
TN TEQ WAE 41° F HI0T (angle) W FHI 2t 21 Diametric &1 314 8—3) W9 (two scale use)! Ei \
S % e et & o SR E |

(c) TA9ET™® WU (Trimetric Projection)—S et asg # picture plane T waygor ford Ll !
%_Wﬁﬁﬁfﬂﬁﬁ pictureplane'ai'ﬂlﬂ'ﬂ'qﬁmm% ﬁ?ﬁﬁﬂ@mm@%mﬁ{
picture plane F 30° F FI0T | A T 39 YU K = F A i fafim wemr ) At (scalf:)‘ﬁfaim i
! ft 1 Trimetric F1 31 8—f A1 3o o & < STTI-3E PION A A el 1 5 T

g o #1 7 |
i ﬁmmmﬁm'ﬁiﬁgfmmmwa S SR % 3R TR (observer) F T 7 !

——

1
|
|
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T W TR I e, welfeg 3R ST femT ¥ firw fiFan T &1 Axonometric SI&YToT
SR (cylindrical) 7%

3N 3 AR (rectangular) TT=ISN % fere arean 21
X % 4 ﬁ
. | x. x.z
¥ ‘ Y ¥
Le

La=Lb=Lc [z La, Lb and Lc unequal
OX=0Y=02Z ¢ QY 0X, OY, 0Z unequal
(a) Isometric (b) Dimetric (b) Trimetric

fa= 3.6—TYypes of Axonometric Projection

B. @& a wditq AT (Oblique Projection)—<= &4 fdl 9% 1 3= g0 (infinite distance)
ﬂ%ﬂ%wm%wm (face) picture plane % GO Bt ¢ 3R aIvd welsw (side face) picture
plane ¥ Y 45° & HU | ¥FE (inclined) ¥ 3H-.oblique  TETUT FHEd IRERED T TRIARTES
TR H G A o R R of T gEn R @ @it ¥ fu Sae © 9f (image) 3R
IR ITHTON i AvTwar Bl 21 39 fafe &, wee w0 9 ¥ gy @ vvd gvw i 9 § sk i
AMH AT B SER Fatud F6 9 5

o IEfRE WA Fit TE @ Hlevse H @ T A1 e g¥g &)

o TS I 3R Wit T AT F AR A(TH AY F TH & Y F qUa T H D =fww)

o U T AR Wil T @S N HIVT 30° ¥ 45° F 9 TN AMEY; @Y 45° RN w1 Iw@m

gfaasT e 2|

f519% 9T I SH (scaling) F MUX W M [: D ¥R ¥ fawfoa fran s 3
y

y
4

b b
> X .
» X
. °/ . |SNn
Z Cavalier projection Z  Cabinet projection
(a) (b)
37

Oblique projection 3 ¥R ¥ o E—
(i) Sharferax W&o (Cavalier projection)
(ii) fs¥2 u&qur (Cabinet projection)
(iii) fomfthes W&o (Clinographic projection)



72 T S o W AghERin _

(i) SRAGT WU (Cavalier Projection)—Fq F&wwI & e 1 & o picture plane % Ty
B 3K Ied W (side plane) picture plane ¥ 45° ¥ IV T geh! Bl 1 T cavalier W&oy ‘m
£ 1| 39 9A9e § W wo® (side plane) Ui & (full dimension) ¥ @i+ (draw """'?') ST R1 T L
Ft f (dimension) 1 VAW 1:1:1 8 R 1 wed x otk 2 ove & e 11 ﬁ@ﬂaﬁnﬁ%'aﬂt Y-a1y
H T T A S W T T 1 o ww e 9w 9 e I @ Sy

mmﬁaﬁmﬁmm@ube)wa@gwé.mmmﬁwmmww
T frered § B R

X

S
> A B
X D G
fax 3.8

(ii) %fEAZ NI (Cabiriet Projection)—z Sayqor T H TH O picture plane ¥ TR
e € 791 UE BT (side plane) 45°

& W W gFH O D T NI F T HTF (side face) N
91 (half dimension) ¥ =g T 39 '

Cavaliernéw%ﬁqﬁa,sqﬁﬁzﬁm:xaﬂ:zmﬁﬁ:&nﬁ' i :
ST A §1 9 ST, Y-&Hﬁﬁﬂﬁﬁ%ﬁmmélﬁnwmmﬁw
ST & St 2

Projection plane

45°

Direction of s
proejction 2

Peras fa 3.10



3.D W9 ¥ 53 & 3@ 73

(iii) RS 9T (Clinographic Projection)—Falia 3 Hfate wavo § a5 Ht T&7
e WA T (Plane of Projection) ¥ WA 31t 81 TS TS § a%g HI VAU q@ F woa fed
FroT | A qifSd B 21 T I F s T84T Fed 2

(a) Clinographic

h{\ :

Ly

(b) Orthographic

hcosq;«[

(c) Perspective

Picture plane

fa= 3.11

C. aftitem WAYUT (Perspective Projection)—<1 ¥ &% F! picture plane T JNYT 9 ¥ q q@
3§ @9 Gt W& picture plane Bl Eﬁ@ﬁ—i (point) T 3ThT foet 3@ perspectivemmﬁ
1 3R 7 T B feaE < # =ad picture plane IRGE (Transparency) Bt 7

Mﬂﬁmﬁ%mwﬁﬁmnﬁwﬁm%@aﬁmmﬁﬂﬂﬁﬁmm%,m
qﬁmﬁ@(singlcpoint)ﬁﬁﬁﬁmm%Wﬂ@ﬁW%mm,ﬁﬁmmqﬁi
o & e e 3 & T ) O 3 S ¥ T T g S ¥ FW w2, T
o T T e 7 T O @ A €, 79 7 T e fag 1 AR dftafda I g e o
iﬁ'ﬁ?ﬁﬁzmm%lsﬂnmﬁﬁmqwaﬂ%mﬁmm%l




74w TRE fesed T A=phET

z-axis,
centered

(Xproj» Yproj» Znear)

Far plane, at z = Zgy,

Near plane used as plane
of projection, at Z = Znear

Eyeatz=0
o= 3.12

Nonparallel lines of sight
radiating from a point

< 3 ’ J
: L | 0%
e J Or oooe o’)lo
< 0)0
Qfe’_
X . o
Observer (station point) <y

one viewpoint

o 3.13—uftem Wivtevm: gfe &t fafwromier tard s afiles w@or 1 frafor s £
(Perspective Projection: Radiating lines of sight produce a perspective projection)
T R ot AR & SIS F I o FHae R R R (object) g wm g T
WA ) Tl 36 AU oSt weu W 9 Sevahdl G 8 R 9 F SR s qrfi® T

T SR freaw § et F A Shi @ G @ e S AR SR W 9 S v gd

T 9 TS % faw s frerg w1 3E e s )

|
J
|
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Perspective projection 3 YR & By §—

(i) IR A THA fag ufiSiea w@gor (Parallel or One Point Perspective Projection)
(ii) Wi 2 fe-fog afhiem wimm (Angular or Two Point Perspective Projection)
(i11) e A1 ﬁ“fé‘ﬁ IR Wy (Oblique Three Point Perspective Projection)

(i) WRIGT A1 UHA fag ufilier w@uur (Parallel or One Point Perspective Projection)—af& a&]
A HAH TRV Tl F TR S 9 T A g (vanishing point) B T THMETUHN FHIR
o e fag e wawm wed ¥ W@ T uE w1 2w ¥, 99 98 99 e o qei e
Al F YR W T ) e F fAu, Th wg wei S 38 T T GEdER SR 7, S
FAATR TGS F TF TS W o 31 9 3 g 16 arad § Ay G ANE GaHial o &
Wmﬁ%m@ﬁm%,ww@muw (Parallel projection) F8d ¢ T THER F

WEIYUT T SAOH Y W ST TREH 3R JRGHR (draftsman and architects) SRT (52 3R ASES
(t}lueprints and schematics) M & fau e sman 21

Parallel lines of sight —1

/ k7 . : " 8,
¥, (.-,
» cooe
\_ ,7700
le,
Observer (station point)

.sc,s
infinite viewpoint € )

Fa 3.14— WHMETAT AU e T TUMaT [0 UH WHEAT TE9or & fmio s §)
(Parallel Projection: Parallel lines of sight produce a parallel projection)

(ii) WRTATET qATH GFHEa GfRAT (Parallel versus Perspective Projection)—3afs sifssdt & aifesiae
o F g o ¢, T W (1 TS W) Wi g ¥ S ST A Wee
w9 FrifEa fea S 81 AR IR & A eve © R T oo W T W ol agg
FeIFE gE tE W 3 fagsti @ <@ 5

ﬂﬁ‘ﬁ%ﬁ'@tﬂﬁﬁﬁﬁzﬁﬂﬁﬁﬂ(ﬁnite)%,ﬁﬁmmﬂﬁ@méam:ﬂénﬁqm
e garqer 3 w7 § Fied A S 21 s F yaw # fAu smavew @ 5 T # o @
0 W A o W ol o g (VM fag) § <@ sy

ofea fo3 s H3A 219U o %9 agrd S 2, o 3% S oTEH 2
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532 FESORE I TG favas WRAYUT (Orthographic Projection)

SIDE VIEW FRONT VIEW

TOP VIEW
s N

S
o= 3.15

ST ST o T 9 W GHEIR. SA ) 38 99 v B S9an w06 <9 W
¥; T9@ T (front view), UIgd T (side view) SR ST 41 99 g9 (top view)! ikl WI=31 ¥
siiesiae %1 XY THGd, YZ THae 3R ZX Fude § STer-3Tert € S 2 2

T F ¥ SIS WO S oy Fae Fow w5 afeae O 9 fraa 3
S & TM (slope) % AR ¥ FERT Y, & Fo +f faw £ 38 g1 =) 6 ®e, aifsiTe = v
3R TEE g9 o @iEr o g 2

WW%W@,WHWWWMWW%%HﬁWWWWW
T TR fFT T BN € Aafe g8 3D Hied w1 aqdardt e (realistic proejction) SEH &l Xl &;
THh A, Aeae F FEAEA B W F A FE gvdi w1 savawa ot )

T <1 faferdl § TR e 1w 2, wom Sofg wégw ik gda o gawon 6 sae
%aaﬁﬁﬁgw’fﬁﬁaﬁ{wam%lnmﬁﬁau@wﬁ,mﬁquﬁﬁma@ T R @ T
T; W SR e g9 s ﬁéﬁtwﬁﬁmw@aﬁ%tmaﬁmnﬁwﬁ,ma@ﬁmﬂ
S F g 3 fere fohen o @; it S o wee ¥ gva qmt ok A wqaty w @

3D Representation 2D Orthographic projection
fax 3.16 '
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afe 2@ I @ TR (object) V¥ I T W o & 3t 9% (object) F fafiry I (edge) A
F&IqUT 3@ (projection line) F&YUT T (projection plane) T T HhN fird s fo wagor Tan ey
FUR 3R J&90T 98 W @=Eq (perpendicular) 21 79 39 YR F&9UT ¢ W I T8 HI S w49
2 1 a1 ® 3Y TEHig w8y (orthographic projection) a1 FHIX H&T (parallel projection) Fgd
| 79 989 H MHR (shape) 3R AT (size) FF I FHW Al ? {519 TR &t a% H Tdg (surface)
# Tt 21 39 THR THIUIG VAT (orthographic projection) NS (receive) F % o % 1 396
T face T WY TR WA a9 % TR ford fear W @ FEE 99 AN T W gSA Al SE9 3@
ATE T IR ﬁ?a‘iﬂaﬁ (perpendicular) zﬁ?ﬁ%ﬁi@%ww?ﬁﬁn"“mm@m?' “Qﬁﬁw
(view) ¥ BRI T% T dimension W< a1 2. S o 3ik =terE (length and width), e 3R e
(width and height), 35 3R T (height and length)! 3% ¥ (view) ¥ TH-SHIE S Haré ST &
A I IWY A G T (elevation view) Fed 81 A wer 3t SaE. ara.el d 39 e 39 (side
view) FEd 1 It St ik o W € 39 e I S 3y (plafi or top view) F&d 1 39 TR
TFEHION F&Y (orthographic view) F 991 % T 7@ fFT<M, I 70 (plan) FrefafEa yeR %
B T—
1. WEIYUT TS (Projection or Picture Plane)—3% @ (plane) {58 W 3% & W49 (projection) fo7T
WA € IV TEI0 9 hEd B

Zs Qﬁﬁl a1 (Horizontal Plane (I-I.P.))—"-Lﬁ? pec || (ground line) % GHR 9497 9 (picture plane)
1 &fds 9 (horizontal plane) F&a, B\ H.P. UT 51 9] & F&IT HI HUA A AT (top view
or plan) FEd T

3. e ad 9 (Vertical Plane (V.P.))—‘{fﬂ G| (ground line) & orEad (perpendicular) ED|
vertical planeﬁh?'a 21 V.P. g qE Rl &1 e g a1 3IY (elevation or front view) SHaadl 2

4. WTEW e (Profile Plane)—~U% UG1 7 Sl &ifdsl @ %t <Ml qa1 W @fad (perpendicular) &
3T WY T (profile plane) F&d ¥ | 39 v a9 (side plane) f FEd 2

5. e %td ad (Auxiliary Vertical Plane)—Vertical plane T 9% & W9 ¥ S view ST @
39 profile 4T side view Fed T | I & left hand ¥ WA W left side view 3R right hand side

Y 2@H W right side view CEnifd

R i fg-ﬁ:g e qéquT (Angular or Two Point Perspective Projection)—sisl ELS|
B ot wETT q@ @ fRE FI0 W D, AR A9 e I W wEEd 8, 7@ 9 @t fag
(vanishing point) ST 21 & 3R 7€ ¥éw Hrofta =1 f-forg wisiea wEwT et €1 7€ vt e
F TF ¥Y 2| 7% ARG 3R 3D AR F A TN F V¥ FA F Y g IwErh 21 s swdm
9 f ST @ w9 @i o et 9% ofE W TE F W @ Al g S S A el e 9w
1 Feater Ty aren RRART S & e W SEEdl ® fafga e s wea 71 figst A o S
ST 37T o B et fargatl T Wad i St €, S e st W i e H Sl /)

A fig i A YETsl F TR A €, IR diieE Fean < gET WA F Y 5w %
Y Y aum dfiw o @ET W T R & fauda g sfeu
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3.3.3 RU-STE-RU HEHE (Step by Step Construction)

e ffest 1 38 Y Wi 56 W A q fagell # fafea w0 3w R A TR AT Ry
F F fau e dva @ 3o frdl o9 Y § sem W@ |

Eye line VP1 VP2
- o=

fax 3.17 |

ﬁmmaﬁﬁam%w&:ﬁ%ﬁﬁﬁmmﬁﬁ@ﬁﬁamﬁm%, |
VP 3t VP2 R i 53X aft Ty &1 9r fufis % A ford 2, @ 59 S aEn, 99 fF fa g

IR UG @ B

Eye line VP1 VP2

fax 3.18
T U5 & @ & a) ¥ fofg o 3R 19 FHE 1 TEe ¥ a9 fegel W oaw e ad
FHEteR @ daad ®1 g9 e Tl fagst ¥ rame, of sifus gard ot 3

Eyeline  VP1 ' VP2

P

feorx 3.19
S, T o T, w7 T St o A v 8 6 v W eh e w5 a6
r@ﬁzmaﬁﬁmﬁ?ﬁﬂw%mq@%ma ST~ T 1 IYAT FL)
Eye line VP1 VP2

\
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(ili) TG T TRAET TR (Oblique Three Poivg , |
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34 ?313"1 w & TR (Types of Drawing Views)
341 FFAHIVIT AT 3MER 9T (Orthographic TETU)

7% el SR SN T TEeN g4 €T 31 MR ¥4 A 3R & o Hia 21 qw S gl
%ﬁ%ﬁnﬁaﬁtﬁ@mﬁﬁﬁﬁamélEﬂ@?ﬂﬁﬁzmmﬂﬂﬁmaﬁ%wmmw
qhd B
w4 g9 SET 9 € 96 93 F SiiEarg & 99 w0 ¢ g % fou fewiee snftde fefsew
WereTEY # 9 (origin) W 3MENE B

,[@

Rear view ‘L’

Bottom view

fa=x 3.21

Viewer

)Viewing planes

™~

Object
being viewedy

“~

~
Viewer Viewer

fa® 3.22—Orthographic Projection
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Top T }
Lo T
atRs e
= ]
)
AT S R e o 1 o r e L SoHEw 2
Left side Front Right side Back
5T -. ]“ et v
Sl i g
H - i ‘
3 .
Bottom i
e 3.23—Principle Views
e A e
\>\Width
B TR F ST T
eIz i 3T 1ell TUF

3.4.1-1 BT UHE 399 (The Six Principal Views) .

FAT 08 el T 3 Sl 9 e e e o swp 9w |
mﬁwﬁﬁwwﬁ%%ﬁmmww&aﬁ@ammﬂmi
Wﬁmm@mﬂaﬁmﬁﬁa@ﬁ%mﬁwwmﬁmwﬁﬁﬁaw?im
aﬁaﬁ,aﬁma@aﬂmmﬁ%mﬂ,ﬁrm%ﬁmﬁ%ﬁma T ¥ TR Tag 98 70
feam e deeE @ 9 Wi g ’

1%1-7:3.25ﬁwmmﬂq@,?ﬁﬁ,aﬁm,mw,%aﬂz%mma 2-D Hifea ® |
¥ 3 AT T H R F F T WG G A A e ok o ey 3
m%aﬁrﬁﬂﬁmaﬂ?ﬁﬂmm%@mﬁwﬁm%lﬁﬂqﬁmﬁ%maﬁ,m
S W I TE-q¥d ST S, S iR foa # fermmr mn @

IRQIE foaror X, YSﬂ'{ZWWFﬁ(coordinatesystem)Waﬂﬂrﬁﬁ 21 CAD #, drer X- |
R, S9E H Y—amwaﬂtmﬁaﬁz—mwma{ﬁﬁ%mmm%mgmﬂmnﬁqm%m |

&
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wﬁmwﬁmﬂﬁ%%ﬁﬂmmﬁ@m%wﬁWfﬁmmm%muﬁaﬂqwagé
ﬁwﬁmwmwmﬁhm%ummﬁmmﬁ%m%ﬁmwﬁmmaﬁﬁm
(oﬁenmﬁon)maﬂmﬁﬂ%lw%aam,th@a;qwﬁm,quw,ﬂmﬁ%mﬁq&%
g0° E} YA N TH IULH e | AR S T T CAD ¥ 919, WA &1 ¥ Z-381 (THHTh
zmﬁﬁﬁmﬁ),xﬁtYm%maﬁa@mmwén

Qﬁﬁgﬂﬁwm%ﬁam%wﬁﬂmﬁrwﬁaﬁaﬁﬁmmﬂ%ﬁaﬁﬁuﬁw
21l CAD % WY, Y-318 (THRITH Ya@%ﬁﬁwﬁ),am-zaﬂtxamﬁﬁmmaﬁm
¥ g =R T R -

mmwﬁ@maﬁmﬁ%mﬁfmﬁwﬁmﬁmmwa@wmm%m
mlcw%m,aﬁaﬂtmmxwaﬁmﬁaﬂtﬁ(Wx%@iaﬁﬁwnﬁ'),zw y atelf
¥ w9ad SEHT S e B

aﬁmmmm%ﬁmﬁ%maﬁmﬁﬁ@wmaﬁmm%ﬂmw
ﬁﬂ'w@mlaﬁﬁtmq&améaﬂt%gwaﬁmaﬁ%,w@ﬁﬁﬂﬁmfwﬂﬁﬂﬁ
T € cm%m,a@@tﬁxaaaﬁa@%%maﬁmmg‘m(wmxé@ialéﬁ:m
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82 wrge TRE fese W A=

{
J
| i | R | 408
~— WIDTH— e o) b &
, || Fie 1 PF FIP | E |
T H-II}-' EH 11 (4:; \
1 3 yaboy | Y i H]‘ ‘
Rear Bl L side fo Fron sidg . |
o e d g IR, i s
Bt H ] %
DEPTH T E— — DEPTH |
, |
i— " Bottom
| L
e 3.26—Unfolding the Glass Box to Produce a Six-View Drawing

W8 %1 5w feam @ ff am o, gw i 2R & a1 a5g & 99 %1 ofy S At de w
T A AR F T A 90° M B AR W F g qdw ofy 2, s fodt g Yamd srm-am e
wehdt €1 CAD % w19, 9 .39 sifeide % 19 § Z 187 (oo Z gvd fawn &), v ot X o6
¥ Toad B @A LTI I 2 |

9 1 g7 7 fowr @ o W e i A % W g W aw @ e WA
7 i g A v o €, foar i e fowd-teand -t @ st #1 CAD % e, AT |
T H (FHRIED Y- @ H ), Z R X e 5 o A Ay o v Sweww amm @

fert 3 ey SR, e S 1 R W S e, 3 el g I
TS, HTSAUR TR 2 -a e |

1. =9l 1 T¥@1 (Alignment of views)

2. iferal = WY (Fold lines)

?ﬁﬁ,ﬁmﬁaﬁtﬁﬁmﬂﬁmm@?ﬁ%ﬁtmﬁmwmﬁq‘}@’aﬁ:ﬂ’ﬂ,
Wﬁtmm%mvﬁaﬁmmﬁlﬁmﬁaﬁtwmwmﬁ

Fora  vom e 3 w2 9 ¢ g, o ffwen = 7 Froton 0 < #) o e e o
3R e gvl & WY e R T

|
|
i
|
|

|
1
|
|
i
1
!
|
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Muttiple paralie| —/\

lines of slight

T

Observerat ™~

fax 327

=B WE ¥ @ IH e ) AHHY TGU A i S (3 Dimention) ¥ &% T €, ¥
mﬁﬁmsﬂzmmﬁwmm%mm (F7 ) wse 1 3w fran S 2
Hfywin Afdfnfes foax 3909 s i i w €

22.00

.25 THK.

fax 3.28—Multiview Drawings



|
*\k
o e fie TR SR % wY A S W §1 U Heets] T SRR T g
@?ﬁ%mmml‘éaﬁ%@@ﬁwmﬁmﬁ%fmﬂﬁﬁwmﬂﬂfﬁaﬁmﬁL
SAaTIHA Bl = ‘
Tt g, TR fe afedae 3 i e A S &, i e ] SR % o g
Wmﬂﬁﬂﬁmhmﬁu@mq&uzpmwﬁmé,ﬁmﬁmﬁﬁ@mw%lamqg
¥ T A YA % W # R ¥ orgaR g F uRwa fRe S el |

3.4.1-2 SgYT TN & o9 (Advantages of Multiview Drawings) |

@mmmmﬁﬁ%ﬁq,wﬁﬁﬁm(tmedimensions)ﬁmmmﬁm
2, 3R atfusiw wfex fasil o w& mﬁfﬁmﬁmﬁuﬁﬁmﬁﬁmm%nmﬁ%m,ﬁﬂi
@Wwﬁhwﬁiﬁmwélaﬁﬁﬂﬁqﬁﬁaﬁﬁ?ﬂmw%,mﬁﬁwaﬂ?ﬁﬁﬂhﬁ
& A F oTavEE B ¥ fa <l & fiF $9 uw uftieT YETUT (perspective projection) HY |
frpa T 21 T 2 it W ¥ ged 4 el oy e ¥ frm A S e <d ¥ wm
0 T i-Yaifas | geE T G 2 |

fax ¥ faarers i) §, 0 o fasd € afRia g9 (isometric view) T, THHIT 90° F Y |
¥ 78 femy 9 21 RS g9 ¥, Fae 9 i O0E SR 9 #t 9ag & GAFia §ae g el e
(90°)ﬁ'@?ﬁél YA ¥4 (isometric view) R Al gIs7 (oblique drawings) o I % e o
A F YA F THARR T8 F SIe 3179, Ga8) T TF 94, 990 & €9 § @ a1 2| eowm a
feerf see & F® wael & fFeqor i HH.fHE 1 g @1 AR ol gadt W vm T2 o < ghadl

T& 99 T (One View Drawing)—TTd SR 41T S SAMT 99 =] ST 1 ISR 8 l

& G99 IET (Two View Drawings)— oxg 5 ol 1 weitfa #¢% ¥ fau 2 5o ) smawsa
?&%@ﬁm%mm&hﬁmméléwmﬁamaﬁmmﬁmﬁ
.l |

w7 g¥a g1 (Three View Drawings)—siefmine ST H 91U S 91 ev) F fou ged s |
SYAR H T el T A 7 gET 2 T

? r.25
| BT o y
25 ]

84 g TRE fested @ Agdeftn

fa=x 3.29
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o W

fa= 3.30—Arrangement of Views

qfet iR F Bfa ©F @ T TR W A FEen ehia S ) O 9 9 W el
< S @ R 9 ok T v W & gve @ St SE T S 31 i gva @ o e %
SR valed foma st 2 SR U 1 T gvg 6, SR ST yAftE R ST 21 U SR W 9wl ¥ 59
T A w1 ST F1A F fAu awg s =, wer o waE fuifa s ¥ g 9 Aty

I

57
= AR Ry
A:-!! 1 ! =
' Top view
i
TR £
v . P 3]
- ,}_‘,-‘l ALY ’\::aJ ?j ! %
Front view . R,s_l view

& 3.31—View Placement

Wm@gﬁnq@ﬁﬁﬁhaﬁﬂ@ﬁ%mﬁ@?ﬂmﬁﬁ%lqﬁmmw
::;T%ﬁmwmqwm'mzéwmmmmélwwm?ﬁ?“mm%
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a7 3.32—Glass Box

® Surfaces projected in R.S. view

@ Surfaces projected in top view'

@ Surfaces projected in multiple view
@ Surfaces projected in front view

Top view

Front view R.S. view

fax 3.33

Top view

@ Surfaces projected in R.S. view

@ Surfaces projected in top view

@ Surfaces projected in multiple view
® Surfaces projected in front view

Front view R.S. view

fa=x 3.34
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Top view

@ Surfaces projected in R.S. view

@ Surfaces projected in top view

@ Surfaces projected in mulliple view
@ Surfaces projected in front view

Front view R.S.view

fa=x 3.35

34.2. WAfTE a1 WA T9F (Projected View)
aﬁﬁmﬁmmmﬂhﬁﬁﬁqﬂ,aﬂmmﬁm@m%lm@ﬁwﬁﬁmmw
T §1 SRR gva % SrqEiet ) Fuift $0 ¥ o e o % gy e fefs s s 2
ST g¥a % fore Y (scale) it SRE T Yo G99 (parent view) ¥ W4 FW ¥ W T
¥ WY Admies FTNEE T B WGY @A & T WHHT WEIO HAF (active drafting standard)
TE-FI0T A1 FR—FIUT N (first-angle‘or third-angle FETUT) FH IR FL 2

] ]

o 3.36
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T
3.4.3. G P (Auxiliary View)

WEAE G99 STAHA % A A A FIR W et SRR qed 21 gEen ST G T e
e ¥ fe w2 |

B Cc

Auxiliary

= 1 Inclined
il A
/p'ane S
A D 7
Inclined
d plané
A B Edge view / % , B
of inclined TR, e TS
plane b A
D :::1:': w '3,
D,C

fomm— ]

fax 3.38
qmmm@ﬁm?ﬂ%ﬁﬁwmﬁﬁmm%ﬁqﬁzqﬁmmﬂm
T (G, difes), 71 ) F WA T e o Ry T st % b g g @
TH 3 g B
343-1 UEES ¥l H IUAM (Auxiliary Views)
m?ﬁf(auxiliaryviews)Waﬂﬁﬂmmmgﬁﬁmwmwﬂ
W%ﬁ@mﬁa@%nﬁm@ﬁzgﬁaﬁﬁmmmu%amaﬁamﬁmwmﬁ@
miﬁmmmmmﬁmmmwﬁmdlmmmﬁmm
o Y o § ol fetn fem A g qe ¥ R 21w, s sk ang ol 8
Wmﬁw@%m&%lﬁa@a@aﬁamaﬁ@?ﬁ%aﬂwﬁﬂmmmaﬁﬂmﬁ
T T R T T T 1 59 BRIVATE I g B W TR SR A T et 2w €7
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fodt @ T €1 70 WO O o i W v WA R R o ¥ i Sees ge
Ter 7l § A T ¥ TN I 1 e wes gedl B WA W ¥ & a R S €

mﬂﬁﬁaﬂﬁwﬁﬁ'mmaﬁwﬁlwqﬁaﬁ%mﬁ,mﬁ%aﬁ@”ﬂﬁ*
fmmﬁa%lmﬁﬁé@ﬁﬁ%ﬁaﬂgﬁﬂﬂﬁaﬂmaﬂtmﬁ@ﬁéﬁmmﬁﬁq@
F dEw 3 R1 RN ¥ e 7w Freifs s s B @ RER STAe A %, T SRS o
1 ¢ 79 T § R I I g ¢ ol s % forn ifes WER Wifad @ A ¥ BE g¥E WSH
FA AT S I F werw ok wq F wfufy w1 G T yeiia w1

34.3-2 AEE® 99 wie (Drawing Auxiliary Views)

HEEE ¥ H S TRl WA e w & S wpw siteifmiew var gaea foe Tfied B
#1 3fe A YaT TF R % TR SR gA ¥ T & ofeed g 21 g, 99 7o 99 @ W T
TEaH §¥ | e W oed T ¥, A e fifww gl ¥ Afen @l W wee fram anp a2

mmwwm%m@wm%wm(tmsm)aﬁﬁ@ﬁ%‘m?ﬁ?ﬁm
=fe) Mo TeEH 5 A st wae W wd i frar v TR w9 e o T A
T H G0 W TF @ F ®9 ¥ fe@m & 60 39t 5gam & St 2, 991 T8 H Th Wi GHAS
T 989 FTQ Y 39 T A9 fe@rn S 2l

3.4.4. VT a1 WE TIT (Section View)

39 3 U TF 1@ Y S T W2 96 F R a1 slisedt & fedt 9 @l weas
femm ¥ fau T g9 @1 TRUE FW 8] TEEHGYE T § 79 HEN A Gid €, a1 e 79 (Base
View)ﬁﬁﬂﬂﬁﬁﬁﬁmwmﬁiE?IZ':TE?W(CuttingLine)@W'@'Emiﬁg'@'@
AR gwdl }1 99 o F Y P R R feufa B sffdfan =9 ¥ e @i w9 @ U@ o
(Base View) T {1 @1g &I a0 (arrowheads) I77@ (orient) Bt R Shie 2fdw, {avd o, ok
A9 AT w9 QAT T e '

NAN
=

i | T/
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3.4.5. Y& T¥Y (Detail View or Exploded View) |

feeht g qva % uw P fed w1 o g1 g gvd e qe e @1 TR SRR gy
4ar o gva % 4 A A A &, e T feeh o dmd R (specify) T FR ¥ gy
foear & forg =1 A wF NAFR A AFAER TE (fence) VS F EHA B

Seal

\Drive shaft

Mounting-flange
Pressure port

Bushings

3.4.6. AR %99 (Overlay View)
g U 91 399 ? oy ¢ 9l 9 6T 3T (assembly) F fafis sraened ¥ vt s &1
I, sgAIta SR FeEE 3vd & g svess #1 fad # siadt gva A e 5va % o o wen m d
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347 WHRT A FGR TIT (Draft View)

7¢ T WA H 2D T { 00 T v ged dn @1 P g O TR 9YE @ S W §
sk welfer We F o1 OF S w1 o forn 1 e €1 S e & f Hrew ¥ 4 e @
91 =R 1 TR W 9@ R W w2

35 SW, SE, NE 3T Nﬂﬂ'ﬁ@'&: v & Sramrn

(Concept of SW, SE, NE and Isometric Views)
35.1 Teae® QYU (Pictorial Projections)

feaT® W&9Y (Pictorial projections) %I, T (ideas) # T U o faw STEm R S & S
o =l BT ST | T S W € wafe S A e ok E-gvE ST % 9H T 8
fredifta St & ot A ©E gva ¥ feddt ag 9 7 vy e @

amﬁmﬁﬁsﬂﬁﬁﬂﬁi@l@ﬂmﬁﬁtﬂ@a,a&w@m,am—%gm,mm,aﬂﬁ
2@ I W IR W Q, @ 7% 5 7€ e a0 A @ 7 21 o/ @ s A A ik 2@ ' AR
¥4 T T WAARd A T 0 U 9 F T W A 0E ® 26 ¥ w9 e ok e W 2w
TR ¢ T aW TR ¥ R uw Faw o w792, w1 arafae T #1 TuR ol e oree
g it 99 emanht Tgel % #E dwa o €

I & Th The H F90 & AW B ¢ HF 78 T2 B IR 70 w0 F 0F THS W R I
F T F WA T €, T T @ G T I B I e T, R T o, S
F Wg T {1 W TN B T T GG 59 H ST S ) AR O A e S
¥ forn T R, o a1 @ wOer, 3R Hifes, fome s ) o el g W SwE w=a
T, T YT R A o F WA T N T g W RO 120° F 0 W e 9 ) Wy o+
for fael Tonfom = o 9 o1, 0 gEd 91 v few-fdw, 9 fewnel § @ 1 =N ¥ fem
T Wit T &1 faear # €, fEa ol & f9 60° F1v T {1 uw wnfindy < § w2 et s
A} uF F gAAFR M THEG; T SR SET W A ol & Sokw GEE %9 § F1 3 el
& WY dfmag €l

TR 2le-& gR A T weEY T 8 —UF S F WM T S W NS oY 9@ 9
T W R g ol sifsSee EHA SR A AN, A T AACTS W E-a9 Aew W A ¥ fega
Y o e o sl A @ R TF & A T g el Iow Y ) w@ o sy aa
wfan s

352 wufteftg wQqur w7 TREM (Principle of Isometric Projections)

T fFedt T 1w faa Sifaifee WA (pictorial orthographic projection) & fred ws qresii
A F @ A% g o € 9 aF fF W W 0 I el S o9 W s 9 @ s
3R #1319 Feier 9@ W GAA ¥ A FH W@ {1 o ¥ ©F 5 ABCDEFGH %1 Safirdt warqop
feran a4 |
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e
Body diagonal a' A
]
oy’ D ! B
bl' dl cl :
a C
r ’ 1
(v} e’ ey, Jows) e [k c.). EPLT c >
. | - H o L - E L .~ F
o [l 35°.16 4
e flh g 35°.16} g ' 30° 30°
X - Y
b, f f1 b1
\\ Isometric
% projection
c.g =
I -] R e, T — A R NE———.
1 ai 191 ¢4
I, d
d, h hy 1
fa® 3.42— Principle of Isometric Projection
Non-isometric
Top isometric lines
plane
Right
Left /i_sometric
isometric plane
plane A
120° ‘/120" &

300

(7]
\

f&x 3.43—(a) An isometric drawing creates equal angles between the three principal planes and edges of an
object. (b) An example of an isometric drawing with isometric and nonisometric lines.

(a) (b)

353 WAMAT @& (Isometric Scale)

o 3.44 A fe@mg 7Y T U F GEREE T80 F, W BTH ABED 1438 (observer) § g1 &A1
R ? 3R zafiu i weaw F fFR # 9FA 9 2@ R 31 Z@E 2m s DAB @1 arefad TR
59< DPB gW1 fififa g ?1
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True length

Isometric
ength

Hk” & F
60° 60°
30° 30°
G \—Base line
T 3.44—An Isometric Cube

Tofadta ha SRE & i @ Y@ Fl T $9 w9 81 % @ R SEE 9w S g9 8l
T AT, BRI DPA Y [7: S w10 & 51 faw A fewman 7w 1 DP R arafas oo % fasem
1 fafgg ) 37 A9 & WeH § DA | deft fogstl & wra w31 & fou SaiR W@ di = s
¥ 9 DA ¥ fawem s dam W emEm weffa A

fax 345

fa 3.45 % i@ ADO 3R PDO ¥, TR T 1 STu e T,
cos45°
cos 30°

DAIDP = =0.816
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Tufirdta 4l 1:0.816 ¥ U ¥ TV 82% FH @ W
a’ b’ c'
=

Scale = ﬂﬂ,

cos 30
0.707 _ .16

e' f h Scale =

* Isometric drawing.

h ' Foreshortening is ignored
¢ Otherwise projection.

ade g)c Angle cbp>.angle obp

Length bc > bo
| 57
. (]
\ f

b P

fa= 346

354 wuiiE NaEvE o Fl'lﬁ (Lines in Isometric Projection)
ufirdta weqo § d@el % f9 ¥ due fan.346 A e
1. 3 @ N 7 W GUARR ¢, qufiia w8y ¥ guER €
2. GHiIE WA A g R wedq (@ oeaq @ o
3. a5 W &fow & gufirda 38w ¥ & & @y 30° F Fv w @i I 8
4. T T 38 % FAERR Gl T H TF AR AR FE o 2 ek 3 82% 9% O
T S R
5. & Ut Ta W fedt aufidia dw F TEAic 79 e 2, 3¥ R-wufida [ (non-isometric

line) & 9T & 3R afE TR A F TG ITH FHA -7 B 79 R-gufida @ F
s-frme = g i A 2

3.5.5 Wuftdta MAFYH (Isometric Projection)

a3 3.47(a) FoAT® ®Y A TF JAAAEHR <AF AR G 3.47(a) THiAT T @ SqEm w0 @
i waqo g F fan fafm s faed o #

TF 394 W T H T WA a0H g@riaiia 3D 3@ ¥ ¥ & F T R 79 AW 2 faE &0
it o afdimfes sk wafada R w1 9T W g9 §1 3 39 9uE: ITdm fg 9 9
famredl 1 wfaffir o 3 (top), Frrem (bottom), TRT@ (front), TN (left), T (right), 3t 99
(back) | T6% Tt TH MEEAEH famedi: SW (Sfqoi-ufyam) Isometric, SE (IFRUI-Td) Isometric,
NE (3®-74) Isometric 3R NW (IT-9¥H) Isometric ¥ 3¥4 ¥ FT G &I
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S
7
60 |
Y 120° X » <X
30° 30°
0 )
& ‘s
//

Y4

fa= 3.47(a)—Developing Isometric Projection

7 THgn F U fF smenfes g 3 s aRa ¥, Form w b o uw atee F W w9
3@ ® ¥ AR T S F FEA-a 1w AR g €, 99 S H SW Isometric 399 @ 3@ @ &)
IR T A F FIA-IMC A F AT €, A T NE Isometric View & 2@ @ T

Top
NW l— NE -~ Top
SwW SE i '

fam 3.4700)

356 WHfadtg ARWUT (Isometric Drawing) ;

TR F1 S e i A ¥ fefa @ i el 2, w@ite v wafida S sgdm
FN SIS 7o Ffo B 1 T IO H T Yrawrerrs fafy fore areafew e @ e s
WMW%mmaﬁmmﬁ%mmmmmﬁmmtsﬁmﬁmw
W Wity o e o €1 A€ SAHE AR € i A9 WY g J fea o e 3

Tt ante fomm, FEfda SETT R IO T A9 (S 22%) B @ If6 s e

t,mmmmmwﬁwﬁﬁfﬂaaﬂmﬁﬂﬂmémmﬁ,wmaﬁm
W ww &1 e 3.48 § vl g0 iR Wi w8 F @9 s W i A
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—
5
T
100, g W
N /
(a) TUTHAT @ (Isometric drawing)
5
£
62, S A0
% 3 RN\,
m ke
(b) WafHeAa W&, (Isometric projection)
fax 3.48
}
LDraw isometric lines, thenJ
non-isometric
3 FV
xt | Y
4
4
L&
ol o
y
4
TV
fax 3.49—uwfudia amtwror (Isometric Drawing)
Gﬁmmﬁmwaﬁ%mmﬂqﬁmm%ﬁm3so)_
L. ﬁmq@mmm%mwmaﬂzmﬁmﬁm&w o 21

2. TR S8 (4) 21 wE &

3. mmﬁ(&%mamwmﬁﬁﬁ%ﬂmﬁl




forr i,

3-D W ¥ Iwgell # @ 97

4, wﬁ%ﬁaa&ﬁ%m%@@wﬂtmﬁﬁﬂmﬁm@mmaﬁw
F 2l

5. ERRET =E (D) F T Forw W st F i fdiware & W@ 0 1 T @ g

6. mﬁ%mhﬁfmaﬂ?mﬁgﬁﬁmsﬂtwmﬁmﬂmm
Fiestae H T FRT Wa w1y _

.

15| 16 | 15

4

A

wn
|l ¥
(5]

r

fa 3.50—Orthographic yiew

DZRNT RN P

(a) (b)

\/ ’%/

o 3.51— wafadta 9T (Isometric View)

15,15 , 15
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S
A ANWUT (Drawing circles)??
o t: & T w wE

: T TN 979 ¥ g} LHad a9
(Given: Acircle in FV) ?gmpse is mggl of four arcs) J

avaEHa §: Wi v

Required: Isometric view.

TER H 3R L oy W
# g6 H T W

(First enclose it in a square.
use H and L axes)

(

wR-a fafa: o fawl & f A =%
¥ 2 & o2 famol WA IR g T
TG R AT § i@ i
(Four-centre Method: Ends of small
diagonal provides two centers. Locate two
centers on longer diagonal easier for free
hand sketching)

_/

fa=x 3.52

.

~

Jo, o e A 2 oM, W9 1y FEnR

(Cylinder, when axis is horizontal) (Cylinder, when axis is vertical)

fa= 3.53

357 I-wufida FlT!ﬁ (Non-Isometric Lines)
Wwﬁﬁﬂﬁﬁqm@éﬂﬁ,%i‘@fﬁﬁmﬁ?ﬂﬂﬂ&ﬁ%mﬂﬁﬁ?ﬁ%,ﬁﬁt—mw
T I A @ W TN TR W A arfach oo ¥ e fwE 2d ¥ qm @ @d ww @

< wR #1 56 AR & Yenel iy wew @ 9 sifew fagel w1 war e e S @l

eﬁﬁmﬁm@ﬁ'ﬁz—mmqw%f@"aﬁ'*ﬁqhﬁﬁqﬂqarvﬁaﬁmw%mﬁﬁqm
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40

120

Non-isometric lines

Isometric lines (b)

fax 3.54
C D
TV
Nonisometric lines
Inclined lines (not parallel to isometric axes). A
* Distortéd (cannot be measured directly) FV 5
* Position and projected length must be
established by locating end points.

~

e

fam 3.55—7 qufudta 3@ (Nonisometric Lines)
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358 wfidta qv ol wuficfa wéuw & a3 |
(Difference between Isometric View and Isometric Projection) ]
" wftrT e (Isometric View) * qwfita WHYUT (Isometric Projectiﬁk

JReafie 9T W S0 T (Drawn to UATAT el 9 S0 41 (Drawn to isometric scale)
actual scale) \

—e |
o GUbAE el ¥ THER |54 @i m%@mﬁ?ﬁnmﬁ%m@ﬁw-&;ﬁ
It ¥ a9 g e fuia W S 2 arefas oerd 0.81 & S 2

e

P o

Orthographic Isometric Isometric
projection projection view
fa 3.56

359 wWHHSE @ 3k - wwfvedg i (Isometric Plane and Non-Isometric Plane)
fig 3.57 T GEHGE dal @ 1 R R-gHfady 9o B 2 % 9 3 fafEa e mm

D
B
H
F
A B, SO Sel e YR
fa=x 3.57

3510 Wit 3w & fmfor :
& ' @t fafy (Methods of Constructing Isometric Drawing)
A. 19 faft (Box method)

B. A%-92 fafy (Off-set method)
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3.p TG § aggell ® @ 101

A, afFw faf (Box Method)

o fodl ST # T e ey A €, a9 Wi g @ S ff g s 3
mmm%lmﬁrﬂﬁ,aﬁﬁwaﬁ@mﬁwﬁmﬂmﬁaﬁmm%aﬁﬁ
efirdta s TR R W % v ok R % T % T Wt fgel ar e B
% (f.3.58)

fa=x 3.58

B. Sfwde fafir (Offset Method)

Wmmmﬁmm@ﬁﬁﬂﬁﬁ,ﬁmﬁ%mﬁmmmmm
| AR fafir gy ey g S &1 91 SR Fft 1 S fba I 2, 9 S R T SIS

|
|
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i

el A waaq agrn i 21 Y e W, S e gefida W 2, s Fevi g snay g
Bt ¥ form 3,60 A el g A STEERfEE TR W T B IET T T ﬁ"{a‘

o)

fax 3.61

3.6 WA= E{-tﬁf (Layout Viewports) 3
@tamza;tﬁi%m%@mm%mmﬁhmﬁlmwﬁmwwmﬁﬂ;ﬂ
wﬁ%,ﬁam&%ahﬁgﬁmaﬂﬁilmﬁwm,m@m#ﬁﬁw@éﬂ
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# e AeTSe A 34 Ay s sifufre W e % §va ¥ 9g whbe A A A aw
frd 7u fifde &

Scaled view

Mode] tab Layoul mb

Layout viewport
fax 3.62

361 WISE FUIE SAMT (Create Layout Viewports)
99 9 T T eI U T ¥ fr MVIEW F(S F13TM F €, 7@ 9 39 g W ke
F@ €, o 70 2 o ale A A uw o @ 9ed 2 —
. TF ATAHER 97 ¥ Al FA W e X, S Hisa ™H % fIER =0 (automatically)
wefifa B
. TEd Y TS MU Hed-o v w1 IwEm.Ee ¥ fau Twitea frer fide w0 #
e IIAER &7 H IR A F-fAU temporary access model space 1 71 fasew ffde A
. objectﬁwgﬁ'aﬁ'{ﬂw@iﬁmﬁ%ﬁﬂ@iﬁaﬂﬁﬁzﬁﬁﬁﬁ@cimbmclmw
L-shaped polyline g4 4
ﬂz:mmaﬁ:ﬂmméma@émnﬁ@%lmmm;ﬁnmmaﬁ%m
'am@%%,mﬁwmﬂﬁz.mmi,mﬂimmm%ﬁm@mma@iuaﬁiaﬁt
Tl

362 VoI F[UE B Hoifaa &M (Modify Layout Viewports)

& AsEe =g T F G, T TEH AN, T e
ok T e T €, S T ST i i;:g::
Ny m u 5 ¥ fir v- Scale grip
o Aorse A F At TN EREL > 101 ' ARRIR
e (Properties palette) =l I7AT FA g i layout viewport

o TR e T ¥ i, O Ao e W W
Wmﬁ%aﬂtmﬁmmmaﬂ%%’l | fax 3.63

Az m%m@awqﬁimqﬁﬁnmﬁﬁcow,Mom 3k ERASE 1
ST f = g 2 :
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3.63 wiFe NAFE FHWE (Locked Layout Viewports)

st A sl g @ T ¥ fu, e Sese spie # feedt @t FT F T (propeny)
m%ﬁ'ﬁmmﬁﬁmwmglﬁWEWEﬁPropertiespalette'Q'{W"Waﬂ%mﬂaq
T &1 T Ao AR T T R T 2, 9 e W deiee AU 3 W TH T T T ¢,
aﬂ-{aa@marwam?@iﬂﬁmﬁ%ﬁﬁstatusbar‘?’(@aﬂﬂ@m%l

37 @ANMIE (Layout)

Homse 39 I TR A F) U F1 SHR SR@ FO & AFK FIE F B
ot el R Tar T % qEO A A &1 Ui &1 U dense W, T AME e H
T ¥ otk o forfy froifa ot T &) Gae afag o9 % fased A AeEeH TR I8 & ey
# Frifed frar <1 9 31 99 39 TF TS H T H &, IS HSHAL HAR ST HHfe FY §
Teeht AR Wefti drar & fE wera @ o T ymyf ¥ yevA w1 FRfE fE s 2 i i g
3 il argeg Sie e &1 T ¥ A 5wl @i Seiia-he % AU U SET 7 #E SsiEe a
TFA ¥ TAF v A S e Wi el iR YW SR & PR §1 TE AeASe T I Wi
Ha1 ¢ S i 98 Fr it wie W wie fFa

—-— Layout viewport

Layout tab

! fox 3.64—wa13e (Layout)

TF 9§ fte A I & fa Frafafea wwor @ e g —
(i) AP 2 R, Adwe A R F F fau wze-fres
(ii) WHe- AT 9/, 741 A= T
(iii) T2 29 F T qqEH & A, wwE A ¥ W W)

371 Witer @WW I W WA & IGERT ST (Using Model Space and Paper Space)
CAD HIeFR & F1 FT1 & < em-3Fer wRaw ¥, o “Srew vy stk Yqr v’ w1 1 2
m\mﬁ,m@@ﬁamgﬁnmﬁmm%m%mmmmﬁ%lw
wﬂm%mwmmﬁmmmélwmmﬁmmmm
%mﬁmémﬁzmm%}aﬁtmﬁmmﬁmqﬁéwm%@;ﬁm%ﬁﬁ%
Wﬂzﬁhmﬁﬁlémqﬁiﬁ,mﬂm@q%mﬁaw‘mmqaﬁﬁmm%lwmﬁ

T T O R We W A A Pl T F arfiw < w0 SR
Hd
ﬁﬁtm%%ﬁammﬁ%@mﬁmmw%l « T
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L
Wﬁmﬁ%mémmﬁmmﬁwm%—
() T S ST F
(if) ﬁmﬁﬂmﬁmﬁl
(iii) @awmmmﬁl
(v) TS T AT R w9, e ferew, R w, wie g, Wi s i g
AT '
v) Qﬁﬁﬁ?m@ﬁl
(vi) qAfET =g a1 3R 3= dese ¥ @)
(vii) TEAITET FTAE H F T JE H
(viii) TETA F SFIER S H wAffq 1w
(ix) mﬁw'ﬁvﬁﬁl

372 Wied WE IR W WE & dfw f@w &
(Switching Between Model Space and Paper Space)

JaTrse 3 TSN U AR B S W, Aige 39 1 weise oW g W HM HA A @1 S
T § FSSE U8 F UF O AR F IR H deen % fAudfen fran s €1 wiew 2a # HIe] wA
%W,Hﬁﬁiﬁﬁﬁmmmﬁmodelﬁﬁ'lW@Hﬁwmﬁﬁﬁ%mﬁwliﬁ
gﬁima@éaﬁms@iw,mﬁwﬁmﬁg,m&wmﬁm@nﬁmmm'%l
Wﬁm%ﬁ%m,%m%ﬂﬁq@i%mmwmmm%t
YR g B = F o T ST AR cense | R ot & W saa-fees w8 R
9] A TR 7 e Sese AR, Hied W ok TR WY F @ ff fam W w6 2

373 U WH (Paper Space)

IR Ty 37 YR &7 ShaiE e 9 TSR S 3HA (ploting) FH F FFEl Bt 7| W=
3 = ST T el A1 g IRV % W S @ s oIk SR T farn s W
{1 T STz fedt TR S § TE ST @Ie SRR We, A TH AfET Wi F S
{1 99 79 T T dese o £, T 3O Felfen Ff Wé Sg WA ¢ T 9N 9 & e demse ¥
TN i i S, e Sde § T gYd F o TTI- S TR A F FhA €, AR e A
T ¥ iy stem-sTer geeRT (visibility) FfEE F wRd

R T Wiz Yo 1 ITA FON TR €, T T Wi REe e P NS A A F wer
T § o it e dae ¥ wie wEe afEtE 9 E, R S 9 a3 ) e =
T ¥ g ST ¥ o e TR Sl Wi TE 9 S € 3R SR A9 emse A gue

F W e 2 ¥

374 Rz W (Layout Tab)
AT 0 sTparER =] (S § Hishias w9 Y witen fearey % YR AR i 3| Fwa @)
TR % e yeftia foen e R FTE F SO (print) A & By T 21
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T L ae o

___________________

| _paperimage

& 1 printable area

2 Single viewport

faA 3.65

3.7.5 @RS d (Layout Tab)

éamﬁﬁmqgiiﬁ%nahﬁﬁwmﬁmhéaﬁﬁm
T THd &

@Wﬁwwéﬁ%m,mwﬁz%méwéamwm@ﬁwmﬂam
o ¥ o 7 T = T e AR deiige 2 €, 9w T T SRl e S ol
mﬁ?ﬁ?ﬁ@sﬂzaﬁmﬁmﬁmmmwﬁaaﬁtwmgmmm?ﬁﬁm%laﬁﬁg
(AutoCAD)qmqsﬁzmmaﬁamhm%,mﬁgnémaﬂrmﬁ%msﬁﬁmﬁﬁa
aﬂﬁ%lﬁ‘zﬁ%ﬂﬁzmaﬂ?gh?ﬁm(Preview)aﬁaﬂmm%,sﬂwﬁwﬁ?ﬁ?mqﬁml
émﬁmaﬂm%lmﬁmﬁﬁ%@r&mﬁmé&m%mwmaﬁw%l@m
<9 T T T T o E,41E 3 s 39 W Tge-ferw w0 Aidhe B H famed H T
= % 7 gH ¥, ok A T AW 9gem, MiERd a1 Bd F Fwd €

38 W FNR WA LY & FTU IreTT- O YA T gU TE H S FA
(Arranging the Drawing showing Different Views to Get the Hard Copy)

FEX B #1 2D 3t 3D fad ¥ faw 15
SR T8 WAt AN T S g R
FAfashat CAD WA @a: & 9ggvd a1
A Qem a1 21 3D 99 F1 SgEW TR *
fiTT W= TEe 3D Hie ST €Al 81 TR
CAD Tiwa ¥ 6 fifadt 3w e € |
9% W S 9ggwd I I& WE ¥ Wehfa |
FTa1 § 3§ 3D Hew § CAD FAlS HI Heradl o {
3§ T T 2D # 7w 0 ok W g v |
F1 i a1 farg % w0 H WA W E 8 7 18 ?_ |
o)

darg a9 & ®9 § frifig

30

MM AAITHF AT GE TN E N TBAT 5

e B 3 I it o 6 w9 A wf .

:g%l T SR AR-SR TR ¥ T H FRONT VIEW RIGHT SIDE VIEW |
S EGY T 99 W 21 weh g o 3.66—agzwa |
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7 IH F TR T WA st o o @ g ST w5 wit gva @) eTavEsdl SIER A H
o ¥ ST B GURE W BT W | wee e st sl Sret oA @1 o o S 2
TOP

=

(a) TEW =0T, 3D HigeA

1 : REVISORS DRAWING NO. DATE

N S T TITLE DRAWN BY

|
|
|

|

SHEET OF

FRONT VIEW
(b) faefta www, wq@ gva
SIDE VIEW

—

N

|
|

FRONT VIEW

REVISORS | DRAWING NO. DATE
TITLE DRAWN BY
SHEET OF -

(c) Tt =ruT, W I ured v
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TOP VIEW SIDE VIEW
| |
-®O-®-
B .-
1 !
FRONT VIEW REVISORS | DRAWING NO. DATE
TITLE DRAWN BY
SHEET OF
(d) gita =qd, Tgged
fax 3.67

LG TR T A e AP g9 w1 = R stn 2 fored g #i wegel SFeR e @
T B T F 959 F IR el WO A ¥ S Fream d—

1. o ¥ Yeadd SffEaE 99 HR) Y B T FedE 99 aied ¥ 36 THER T ¢ 6
SAftwae A& AN HAE A A WM F FA® F THIER B A7 g 8| F€ Faed1 w9 4 5T
a1 # wefifa &t 2

2. G9E g9 H-IRfd R 9@ 79 o
T & Aehan faauners gw faan
ey

3. %9 ¥ FW gy F wRafim HT =ifey
e T =t gl A 1 faero <@
ST 9| |

4. 9@ T W IRl B F AR I
T B wfd s wfew o v @
9 fe=d Tan A o ard v 9 enen

L N O ¢
et T 2 o T, i

L

fax 3.68—aeq &1 A
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N

39 FET W TE HIAA (Plotting the Drawing)

e’ BT e o # s wrd-wh smeege @ ver w0 ¥ R e ot o
SHRTH F WE & < a1 Biex Ft werrm ¥ fie 5w 1 fF6 g #1 i F0 § v Fefatad
e G Al 8 —

(i) TF ST A[L’ 1

(i) TS W TF A Ak e Y2 w

(iii) 39 T F T T A 5@F o = wire fra s

(iv) T U § WA geEan Fwifa w0

(v) fee T & fan =9 sm

(vi) DS & foe Be w0 & for “wife feame’

(vii) TR T I R a9 =il FA w2

(vii) ‘< T w1 99T

(ix) @i Tha W H—IAT GAMG: 1: 1 91 =)

(x) TET ANERIA Ve H—Iqg TUa: AeEhy 21 =feul
39.1 U&H Wie &M ‘wense’

A & f=a W § Afed 39 & o 3R S0 %9 UE wieTse 39 gl 71 38 9 0 & fag s
4 & W s +:1 ﬁm%mw-mﬁaﬁt ‘Rename’ M &1 I, R 39 1 =1 26
X o 31T 39 U N A T 81 B S F I F TH oM FIw & FEA 2
392 WARE A FHUE T

ATH BRI T M A A e 4 A TF FUE AR M T 3T TH T FRT LE FQ@ €, A
Sire o §9 9 98 FH TF A8 I 2

T T A T AT I Ry S 9l e % SgER FreEfatea Wi w—

{2 S F1 A-BORD-VP W ¥z H| gffrea wt fF 98 o AF-Bifen’ o 2

(i) gffead =X fF ‘regenauto’ a1 Rl

(i) MV 259 <RET>|

(i) FaiE Wz ¥ U & FA e T

(iv) wwre e § fawda 0 # Ak w5

(v) 99F Ta F1 A-WALL T 999 2 &

393 SUiE @her W &
Wﬁm@rﬂaﬂaﬁﬁﬁzﬁmwm%—
(1) Wﬁrﬂq@iﬂmmaﬁ(m'M(propenies)'ﬁ@aﬂﬁﬂﬂzmgl
(i) TEd fafe =gir & im soa-fae F01 & faw # ot @ W %R F AR Wy < R
TERI ¥ AETEFA FTAR T R
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394 TAEF WE & Wi wal & gyaw feffa s

=i ¥ i forer H IR T A A T AW A R H W Bk NS T TH G )
I W B

nﬁmqﬁiﬁwgﬁﬁmmﬁ%fmﬁﬁwﬁm g W oft T e =W €, 9wl Re
g ik = w feaE % @ R

395 wE U ¥ fout g @ & Afn
ST R fEe Yanel F sTer-otem A ¥ femn a1 g whd gl

39.6 Wi fearsw &1 TAE HEN _
=T F fiie FO F o S wie/fic feam w1 979w SEyEs. IS dear fRa s R fii
! eI Wed ¥ W9 w0F ufas ¥ foau gefea fran s oo 21
397 UUX WEHA &1 gAG &I
AR RS % IAE F foau Frefafaa =t 0 e fean s 8—
o THC TR Sa (dialog box) ¥ wiie AT 39 H =T H
o TU-S=3A IR 3MHR AT H TIT H—
814" x 11" ASEhY TEN * o, ANSL A— 814 x 11 Tl T4 &L
11" x 17" HEEHT TET & fTC, ANSI B - 11 x 17 & T97 H
18" x 24" TETHY TR & T4 ARCH C - 18 x 24 T4
24" x 36" wieThY TR % fAY ARCH D - 24 x 36 I+

39.8 We AT &1 uEw

e 1 TR F % g e, feomt o fafie & 9@ et w sitem w1 swEm fear s g 2
399 Wife Whel &1 =&

SRR HITK T Thel Bl =2 el STRT 21 T Shel F 1:1 W SHERE F0
39.10 IFT ARUIYR & A

. Wém%mmﬁ'mmmwm@m@zm?@%l
. mmﬁﬁﬁzmudwaﬁw&aﬁluﬁwﬁmé,ﬁﬁzﬁq?ﬁaﬁ
© AR IR g A 2, @ Dz ) |
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1.

O go 53 SOy W LD

10.
11.
12.
13.
14.
15.
16.
17.
18.

fpfafEa =t aiafim s—

A. W&qUl (Projection)

B. 9% (Object)

C. W& T (Plane of projection)

D. ¥4 fsg (Observer or Station Point)

FRq fRaT THR % B ©?

TEHINE VY AR Tt waw = seomE w12

AREMCH TR F F A4 2?2 39F w0 w2

Tufidtg Feersdl, Wi @ sk aufida auaa #1 aRafia #t

AEARES el QT i 22

SFEHACH Thed & SMUR R TE dard it qufiedia oar & &= ag1Hay 772

IMFEmfeE gva wivd & fau @ olis = 82

;—ﬁw%m@mﬁaﬁﬁ@ﬁ%mwmmﬁmﬁﬁwzﬁfaﬁm
|

AERfeE 5w wien ¥ fou 3w R W gl st ffa S geEE

TR W % THR THARU

Perspective projection fhdi Y&R & B &2 |fe aviw

T-gufigdia @A (Non-Isometric Lines) THEZU

JeTee AI? FN T T T FH S Afew?

Hfed W9 3R TR WE F1 39T S8 F@ €2

A3 Ft TN SATGFA 87

TR N T HA R fafE e w2

TR F FIEATFE T AEAF 82
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T —

\
19. WP, T R, o 3R, T 3R 9S8 F gea fod W) W T T 3D Aowi § A firgyy
4 : 3
2l ffssige &l T W
Front View Top View | Right Side View Top View | Right Side View | Left m
s

Top View

Right Side View

Left Side View

Back View

Top View

Left Side V'Q

Front View

Top'View

Right Side View

Left Side View

Back View

fa= 3.69




3-D 99 ¥ a5gell @t @ 113
20. ¥ 3D T H 2@ 2D 3 gz (W, T 3R, 7 iR, W ok §) ¥ ww g+

Top View | Right Side View

Back View Front View Top View Left Side View

Front View Top View

Right Side View Top View “|'Right Side View | Left Side View

-I[L;,:" Tl A
Front View Top View Right Side View Left Side View | Back View Top View

fax 3.70
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21. 9, TR @R, 9 AR, IW R 68 ¥ 3 2D gfewon @ W1 T =R W

TF 3D Alsdwe 1 Fmfo :X N gfedior & gof J2 w0 @ 2

Left Side

Left Side

—

Wﬁi‘q}{-

Back

Back

Front Top Right Side
Front Top Right Side
Front Top Right Side
Front Top Right Side

fax 371

Left Side

Left Side

Back

Back

ool
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™ (COMPUTER AIDED MANUFACTURING—CAM)

e

= —

41 UET (Introduction)

W@W(CM)@mm%ﬁﬁﬁwmﬁaﬁgﬁmmﬁ
st T R ¥ Y wege SRR ol Wi F S Sl 81 CAM FEE TS TSfErT
(CAE) F1 ¥a161% ¥ 3t TR 9 w2 fesie (CAD) ¥ g e S fran sman @1 @t
%1 TR F O, FYFF CAM faen # Ay Gwg & e ol Jefea st wfe R
CAM ¥ € S T, F=3 T Fi feera 3 e g geiehal & AN ¥ IR R Ser
e N 3fE FEa & o erufere St H wW H F CAM VEEH, el 2R, Ao SR aitEeT &
S @ ¥ fau SeEr-gafe fatmie sBamst #1 ST FT 81 CAM S &1 @9 33M
¥ fou foqaem 3l e S 394 SAEHal STHTU W AR FI 2

teoass qEeE iR i F ouR W, W Freftad & ¥ weg S §—

1. fafmfor sfswan 3R S9am wfeaa

2. 3T SHaTEsk YaEd (PLM) 3 -STygfsh 3TH THEo

3. HeA g @A

4. SR CAM THIHE Sheiael € 3R 3THad yonfardl § & Multi CAD 3D THIST 0

i 4.1 T feama T =TESTRE TH CAM SHRAT T &1 S9AT ik NC WM 591 & wffe
TN F fe@m@ 2L.CAM 1 FE3TE foig CAD Wisel 31 3G STTARH! H ST Fiah s fmior
¥ fite 321 SAT (ACIS 31), IGES, VDA, DXF, CADL, STL 3R ASCII %igat & #ft sra fean =n
Tl 2l

& FE.fews CAD ¥ 0 o1 &, @ 3 CAM ¥ die v o o 21 ¥& RIS §9 ¥ @&
CAD WTed 1 fia o3& iR fi 38 CAM HeeawR ¥ 3H FT fFan S 21 T aR 379% CAD
Ted B CAM § 3EE FO F 918, SR quif F fau ded TR S IF A {1 s,
fefem a1 ey St fpaatl & Weaw ¥ F=9 Ao S UF RAfTE SRR ¥ agen #i frfw shem )

CAM HiweiR &2 fraall % meam | W w0 wuif & fag s Hea dar & ¢, e wiva
F—

1. T W= W 5 71 gied ¥ S8 sardd qfed € s fafmio sfea Fi gsfaa s

115
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116 FR @< fesed & Aghaafn

3, m%m@mﬂm,ﬁﬁmmmﬁz%@lmﬁqmmﬁﬁmwwl
3. FA W T, N, Fe/Mwd SuE, nfe afea et it Sravae WA OGS W)

Design model [ Workpiece J

l
1 4
Manufacturing
model |

¥ l Machine
Set up tools
Fixtures |+ manufacturing
database

ol ‘ <—|-— Tools
Operation
set UPS

!

Define CNC
sequences

:

Create
CL data files

!

Post process

Y

Program
verification

'

CNC Program

— -

L

=

e 4.1— NC 19 91 & UZ (Steps in NC Program Creation)

T& 9R V@ igd AT & faU FaR @ 9 R, @ 9% 9 weed 9vie ) i w9 Q9w #
IR F F fAC IS et #1 7w AT B A A PR W T R wed & v oy wehfi @ ol
IFER H G-Code 3R M-Code B 951 <0 21 7 W &1 © Az 2 < vy 93 oty =) Frdfe
Fa & G speed, feed rate, coolent 37fe WIiHA 2

42 FHWUE & AT TN (Setting Up The Job)
FEGUS FHi e F F e Prafafas fagsti ® @@ fear s 2 —

4.3 ﬁ'ﬂfUT ¥ waf@ Fenfde fawen (Selecting Co-ordinate System)
fmio & wafa Srenféie fﬂ'&"ﬂ fmitor stermy weifs # Co-ordinate Systems HEAYU] HeH #) 3w
mﬁqﬁmﬁﬁmﬁﬂm%ﬁ?mw@amaﬁmﬁ%mﬁmm%l FATER

fawew it a1 feme aise A et & wedt )

3% (absolute) 3k TR (relative) B 3Tem- 3o YR ¥ fawfog fopar o m,%l
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‘}\ ‘ Co-ordinates

[ !
LCanesianj ~EFJ
1 J
1 2 [ 1
Absolute l l Absolute Co-ordinates Relative |
|
fax 42

1. ST - AMMEAE (Cartesian Co-ordinates)

| Ffrd F-HAMET2 (Cartesian Co-ordinates) s Wi Hi-sifete faweq 21 fwet fig = feafa
F o fag ® X SR Y-319 ¥ g g7 afvla fe w1 g 21 g% wem fig faa § @ st
| g e fFY MY S A H ST FAT 8—34.897, 45.473

Y-Aaxis
J

{
i

34.897,45.473

- » X-Aaxis

!
fad 4.3—m12TraT ®i- AEIZ (Cartesian Co-ordinate System)

;2- U #-3ifffe fawew (Polar Co-ordination System)

| Vo - fael g @ feaf 0 Faen A &1 e sk e Seiee fren ¥ e
| 3T T ¢ for gt Pl 1 i O 3 forg St S O 1 1 I fok e ¥ i et
Wl ¥ fig ) feuf 31 aviT e fag @ 2 0 x-fem SR y-feen g fHa s R

Tl (35.8 < 60)

— X-Aaxis

4 :
fam 4.4 vvere ®1- Aff€Ae A=A (Polar Co-ordination System)
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4.4 Tegnw A9 (Orientation)

4.4.1. Z-7g TEofEI (Z-Axis Orientation) e
iy st TR B ¥ S Renfeie faww H @ @ 9 R waﬁi wﬁﬁn”‘“%

Z-3% 9o U (holding fixture) ¥ X {1 ST % ferg—us Hew aﬁ aqﬁ?;gm - %

ﬁqmﬂﬁﬂ%m%mz—aa%aﬁﬁmaﬁm%lmﬂﬂﬂﬁ"m 429

fear T R

o 4.5—x, y, z-38 TEYNFRET (x, y and z-axis Orientation in a Milled Block)

X

V4

a7 4.6—x, z-9Q feonf339T (x and z-axis Orientation in a Turned bar)

4.42. X 3T Y g FEgnfE9 (X and Y Axis Orientation) i
ST Reifede fauF X 3R y-a181 $1 IO FeX AHIA (CL) 32 Higed ) qeqifed HMl
fafet & qEa F2 WS g X-374 F FAARR 20l

4.5 TBAR (Fixtures)
TEIR A fed o1 srdiaeht € S TF Wl SR F A Thdg W v 3k S w6 ¥ TS
w0 &) S 3avas & fheeat S¢S 9 B ]

— Cotter
¥ oemr——Ad

: }‘— Work

Key _
fax 4.7—[BAR (Fixtures) !'
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SN

4.6 HTTXFH (Operation)

CNC #¥if 7 T Tohrrerss Frafon ufsran @ S garga: 919 & g9e § 91 WAl 9 T2 ¥ fa
Frgeigd PR TF T80 &1 I FRan 21 98 Whew SdEs # F e gEen % fae sege
- 2, ol O1g, REF, TS, Fi9, v ok wdfe wgd wfwfad € i e TR ¥ sEnn & g
g 2 TAEU—ag CNC Teifi stk CNC weftfiin wadrerg qredl CNC weiif St fmfor wfirand,
e e Fro wismael & fawda @ €, 9 f 3D fifen, @ wiifed frafor fmad, we o
HfeE SIS Fafh THRITH Uha Fwen aaR i fesmgd 1 fmf F0 F fae srige 3 e
F T H € A T AT hward wifz w9 ¥ Frafor % forg vard 1 wed gy FE R ok B
gfsmanell 1 fopa Tt ¥ 3R =i wnnht @ aifod ser § frenfim w2 §1 CNC 9T #t w=nfed
T ITA-FAHA & I WA I ! AN-FAETie F qe I § 959 2l

CNC weftt ufehar @1 /i@ (Overview of CNC Machining Process)

Hears v (NC) weitfm wiimean & fofim 29 i€ 1 swdm foan stan 81 CNC weitfiT o
fafimfor sfean & <t Frfds #t s 2 A weR i ok fesel g R st Hfen em
Fafe F 3R AS-WS F ¥ g wreEdsa Friav &1 ST s —34, Uy, ©ifes, a9,
HW, Y, S| & CNC weifi wfean % qo fagia NC % @aM €1 q& CNC meffim ufean &
frefafaa =7 wite ©:

A. CAD Tiest #! fesig? T (Designing the CAD model)

B. CAD WiEd @l W CNC e ® gfi@afdd &3 (Converting the CAD file to a CNC program)

' C. CNC #3i 9aR 31 (Preparing the CNC machine)
D. w1 d=rem @ freafea ST (Executing the machining operation)

47 CAD Tiger TE&sTgT (CAD Model Design)

CNC weifii wfiFan 2D A=t @ 3D difere 9 CAD feumea & fmior & g g 2t &1 sogex
@z fesET (CAD) SRaa fesm ok frfaell 91 saR & w& dfsal 1 yfwea & wg-wg
AT TR fafreaeh, 39 oW ik safuft Tt # MRt Suwey FW ?1 CNC weiA sk
SR F) amansli gt TRt Y T s ¥ fo fesmsa frefaa ¥ saew ¥ faw, s CNC
T T et & FEf CNC i S % Ao & e Sl A dres e s
A HvE ¥ | S e, AU g0 e T, 7o fewed, sk a@efesn amael % N W wm
ﬁwmaﬁumﬁﬁaﬂtaﬁﬁﬁiﬁﬂmm% Y fr =gAaw W AR, awfamqm
AR, Femansti @1 Ry 3R e

T ¥R CAD fesigd [0 8 9 & K, fesTs T8 SECEP 1 IGES S CNC-W'd WTgel Wrey
% frafa #wa 1

48 CAD WIgH TUATAIUT (CAD File Conversion)

wWEfE CAD feame wRd T Tam & Ao | e ¢, mmm-@zﬁﬁq\‘mmm
WHRR, W sy 7 frEer ¥ fou fefee Wi $rs 3w FXa € S CNC weie * frifi
Waﬁ?mmmwmmwaﬂﬁ%mgﬁmmmﬁmmmNCmﬂ

L
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—_

G-#g 3R M-#1e dfed w2 Wi sl &1 Iwam fFa s 2 Gc-aﬁg%mﬁﬁafﬁacm
T o AR A S e e e S8 1 T e Fa, FE S H it a
& - = R F 5 e, 7, Pt 39 R e ¢, fd e, FE & W S S foy
FH Y TR ¥ AR M-S F T § el fafv wawm #rs, w & weEs o 9 AT wm g,
SR fof IR F YR sl 3t A WA Fa F ged 3R age 1 wEied H €l T 9’ 5 CNe
T I B R, W SR T CNC 79 § WA e 2 = 2 &

Tyt Qe m(MachineSetup):m%ﬁﬁaﬁﬁamcmm,ﬁ*m%mcm
T Hre dR HE A T dafcd & T A @R T § aeie ferse WA WA e
TE % FFfeen feary ¥ sfum i smvas <fem, S fear fae o s ficm. @ Sfad Wi e
ﬁ@mmm%iwaﬂmﬁﬂiﬁmﬁﬁzéaﬁ%m,mCNCu‘imﬂaarmé.

49 Wit wate e (Machining Operation Execution)

CNC 0 CNC 79 F 39 ¥ &9 8 #@ &7 2178 997 & THidd #Z2 &l 2Zfan
FEf 3R THEd i fuffia s F fau e S9E B T=Gd F €, S A9 A H gEtad s
%1 CNC =i wfFan & 1 % o0 CNC w9iH o1 deha i €, 3 1 0 ¥R % Re
WA 1 AMCYE F ¢ FE a8 Feen-fewed b M um a1 3w @ Iaed 9 F fou s

T Gere w fenfed = 2
410 CNC W9t G & W& (Types of CNC Machining Operations)

3feifed, TR, FERA S wisen gfed fafim v@r % 3@ % fau ONC it @
fafmfor wfiran 2, st siimiarea %9, o ST, Tark o 399 9iR B1Y @ik Sam STE
IR H TH HE H1 SN HT § WeW 21 70 W § 8 37em-o1em Fogex-Frifa e st
wﬁa%—ﬁﬁﬁm,m,ﬁmaﬁ?qﬂauﬁm@mﬁa%lﬁmﬁ@mﬁmmmmm
mmm%mmﬁwmﬁﬁmﬁ%lmm,ﬁgﬁaﬂtmmﬂﬁﬂ
WHFATE 91E & G # wifteh i W €, 3N WS § 9 el o SHfee ONC wif st wie

e Drilling

e Milling

e Tuming

¢ Plasma Cutting

¢ Broaching

¢ Sawing

¢ Grinding

* Honing

* Lapping



F TSs AghaaRn 121

Table 4.1—Characteristics of Common CNC Machining Operations

Machining Operation Characteristics
Drilling o wg-fog feor fam #i yam & gam
o fs& fae 1 g@diw o cieaa @1 Foig ¥1 § 7@
o FHUY H AATHR B a4
Milling

wg-foig FeA & IUFTOT A AN F WA

TR I FET F ITHE VA F g9 few H g Ay
FHIE ¥ YS9 g2

AR i AGH 19 H1 IARA B

Taging THA-foig FeA % TR H S ©

TR N FHE B

e 76 A F TAE W U1 Sie F B A S
TG ¥ g e @

e a1 =R 9 61 i Far €

(] L] L ] ® ®

411 CNC W9 U (CNC Machine Models)

CNC 79 AFMs 3R SWheTY Afed o ST &1 AM& ONC Tt faftre 2 A w9y &, i
% fafre i SEem s % AU suam e s g €, SR fea U9, o fufen sk ofin weim
S ARIHAI ST CNC T+ BIdY 79 &, Sfern. geat 7oy o1 o1 A9HT & TUhel €1 SHaR
R TEHT Hisd BIF 3R ©FEH, S "G & S1° 90 %1 996 &, 3R 56 O TEq Sared
R F fAU Sugw TN T Sy TWHRM.CNC Wl & FhR | @liei-3HR & I’ F iR
fafein weia Sw=wely a1 A=l Y wiia 2
412 QI faER (Matérial Considerations)

CNC weiifim wieran fafim sSifaftn amfisl & fae v @

o oY (S, Tegritftam, ad, Ro w9, fag ug 7w, ofe)

o e (314, PEEK, PTFE, @@, 3Tfg)

om

o GH

o Wimy werd

F91 % forw eam A v CNC fafmion syam  fag #it &3 7o oo w9 & fafmin syam
ot 3o fafsdsl W frsik 21 ifrerier SRR 1 iEIRT R o1 T € @ 6 ¥ Wi uhee w5y
T 9 % 19T Tar FoRdl, 9 Wk, HACH Ui, THEE 3R aEe g @ seee e

st T sifees o o T A HE B M, Y A R AR w3 T B P w0
e o < &1 v fore e e % STTAN W W S 2, F1Y 3 U AT A0A § B e o



122 TR 3T fewr w Aephrafin

H
i
{
gy i
Wﬁﬁa&fﬂqﬁm'ﬁm%mmélnﬂgmuﬁfﬁﬁzgaﬁwm%lyﬁgqm !
 F T TR R SR TG ) fre I ¥ A S 1 e @ e TR0 ¥ B sy,
BRI T 7Y F2 HY TR A1 &1 99 Tt T e w11 § ToRaT & R 9 o oy |
m-mwﬁm%mmm%,wmwmwwmm%mﬁ% l
I A T Ik TR AFR W T F faw G ws T IR FH F WS H T Fa §

413 AR fa= (Size Considerations) l

CNC wefifim wiswan g & o el et it Herem &1 g g@en 38 Sdmied, Tl
fmfor sik it wfea fafim s & ST A § oeg S € oI @ WwE, ERSiEE ue, ey
N IR F TF GE F IART T H G S &1 Wha H aggE giasr 3R STHeien ¥
TR, T el w1 Fiv-o, 92 A 9 Tew-gq  qor § ifien e 99 w1 € afeway,
H 72 i iR R e 9 R R po T a ww

TAITCTET 4.2—WRT & AMEBR FRT WY &t FHMfaat

Part Size Challenges of Machining

¥2 9 (Large Part) feafy iR wHERCO & fore fa U0l it aavasal i &

fody ST & foru SifRet afem # SEvawa ©
fe Sifed geH F2-319

F & & fo aga g1 € A ®

Haehdl &l J9fEd H I BRI B FEA

fea ¥ A IS 9 T B

T ¥ gefua fagfa =1 afus § sfas b

9@t 92% (Heavy Coniponént) Fefem oit yamRte & fou fade gfem sl svator 3 sravasa o €

fardre Il & foru e wfteror &t stavasan @
Fd &7 & fou 9ga 9 & g 2
ITHOT W 7919 St At qrE

Tafy CNC Hefifm e fafmion gfranst W oy wefifa wa 2, fm it 92 w0 fafmior sEyan
¥ o g 96 & G 8, SR T WHRA e I i A ywh wifwa @ e €1 3
Frfrre ONC TEifiT WfFar Segmifie wEifm, dete Hfén sk s S weifm § 9t
el 3 averran, T, gy, o ot Tt whea i Svems §) wamafe i e ¥
Tt fafem, St ol SER WiNA ¥ SRERE W shEme ¥ soagrshmma fofl
@Tmm%aﬂ?aﬁamﬁﬁﬂmﬁﬁsﬁﬁ?ﬁmqﬂﬂﬁﬂwmmmmﬂ
e fewarsl Teifim (EDM) oifa 2

414 NC Zff (NC Turning)

chﬁn@ﬁﬁﬁmm%ﬁaﬁﬁ%ﬁuaﬁﬁﬁﬁmm%ﬁﬁmm%aﬂwﬁam
ST R % fere Hfeae =) T 5 R T 20 I ST R ST 1 T B (Terret) 44 W &
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ﬁmqsrgm%ﬂxmﬂﬁn%ﬁmmﬁ@g(mmﬁﬁﬂmﬂﬁ@mm%lsﬂ“am:-;raza
(W)mﬂﬁﬂ’*ﬂmm%ﬂ%wﬁﬁ%ﬁwm%

Chuck
Revolving
workpiece

e

LJ_JJ l+— Tools

o 4.8—=ffn wferan (Turning Operation)

Turning Operation

e Plain or Straight Turning
¢ Rough Turning

¢ Shoulder Turning

e Taper Turning

e Eccentric Tumning

e Chamfering Operation

e Thread turning

¢ Groove turning

e Step turning

fe= 4.9—=ffn afRar AF (Turning Operation axis)

415 Tufer ATRYA (Milling Operations)

fifet e sfspan & Fet 1 A T AR F TN F A Feh T T IWE TR & 77 TeRfa
aﬁ@m%mg@m%‘é a&ﬁ,w@ﬁﬁ,mmww—wmﬁmachiningmm
T 21 frfei & BB Srem- ot e ¥ Ao 92, wi-wn A e ARy 0% % ww &
W—mm‘qﬁnaﬂtmﬁmﬁa%l 1960 % TF ¥ HEAwws FRIA0 (NC) % 3o ¥ =g, o
T i 21 faer g T O e, NC g s e o g e g
T e YR & fafem smeE—



(A) q’quﬁl%m (Volume Milling)
: wﬁﬂﬁﬁﬁﬁﬂaﬁﬂmﬁwéﬁﬁa{qmmﬁwmﬁﬁﬁﬁﬂmmw
SR & for foran < 21 e faferm 31 we forioan @ # fon e g faferm dTe & St &m)

faa 4.10—afegw fafer T (Volume Milling)

(B) Wag fafeiT (Surface Milling)

fafem ATRIA & U 2sh F1 Th Gag &1 999 f6a1 S Gehal 21 HAg & 3-3787, 4-3T8 AT 5-378
THfET & ST &, Mbisferm, aiehe fRfafem snfe)

F9 o7 fafem sty fem 2—

e Face milling

e End milling

e Form milling

e Gear cutting

e Volume milling

4.16 TS §E _(rilling Hole)
ﬁawﬁaﬁw&mﬁf@%ﬁ,ﬁﬁma\ﬁm%%wﬁa%lsﬁmﬁﬁwaﬁmﬂﬁﬂ
ﬁﬁﬁMW%INCWWWW@EHEWWWWWW%}W@E@?
ﬁvﬁmﬁamﬁaaﬁ@am%mﬁﬁqmél@@aﬁzﬁ@amaﬁa@@mmﬁ
%mﬁmﬁlm@aﬁzﬁﬁ@ﬁﬂm,mﬁmﬁ%ﬂwﬁam%s

< T2 A W fhw T A S A T F R i S

o UHd BT I H T |

o UF T30 §qe W w+h B 9 wnfae 05

* UF FifC® 90 W it 2ew fagai = e a0

* T fHfd= = % wedt 39 W whve w

» fifde w0 W e 2o st 9 e e
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CAM WA ¥ ¢ Yo % 9z oy & freg O 3 |

o fga (Drill) o T (Reamer)
e H (Face) e 39 (Tap)
e SR (Bore)

417 € Ay Rnftex (Tool Motion Parameters)
NC S 13 % 10 ¢ 7wt sirem Snfter 572 703 2 &1 g Frer 3—

e Feed_rate

® Spindle_rpm
.o Coolant  Spindle_range
e Spindle_speed e [ead_radius
e Speed_sense ® Lead_step

Auxiliary NC Sequences

e Goto Point

e Go Delta

e Go Home

¢ Follow Sketch

4.18 Sfafd &Y (Creating Geometry)

CNC H¥fiH 1 Geiferd i 91 % faq aiat gen = erevasal 2 81 fed sag #t
R € TR et @ | Aol SIET % g SR o7 fER SR % g1 ueen 21 fedt of s &
HAFR HU T Fehal © TS IR a0 & fow aadion ST &1 wam e st 31 safen g
TET H ARE= F 9 o Fed 2

Tl SET 991 0 oA IO H1 STE0T LA =AM
T 1—Fod Heeayy] faard & TRefi HX 3R e % SAdmfEE v B %w ¥ @, smm
et ¥ foau vata @@ o1s <l
T 2L see & feed W srafte frlivard Sfew 2 iR ST St O e €, @ srgem
fam = faatur g% 1 AGIAR Mg R =R i L
B F Sire| frmfor Tl ¥ HelesA (9aR! 91 9EEYar & 37el I g
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mpmwﬁmﬁ%,mwmﬁma%ﬁammaﬁwqa
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] NOTES, UNLESS SPECIFIED OTHERWISE i Aleoe1 30 Huos | 1108 aiaws osuyzolBen G40V
1. ALL UNITS ARE IN MM r WA B
2 BREAKALL SHARP EDGES e =1 & Fo -
3. SURFACE ROUGHNESS Rs 16um OR BETTER e ~— N l\?&rllslg :\gef 1 i
Brewin Blondars 150 2768-1 15t Anglo Pro, 3 [eavens [ |
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T

£ 4.11—CNC 3ifatye & ferg qui ae-ftant
419 T WY FWRYA (Tool Path Generation)
CAD Wieaa &l Suam &t el W fe ¥ NC wffm ¥ fow 9R wXo d—

1. Recognition of machined surface
2. Tool path generation

3. Tool path verification

4. Collision detection

Toolpathgeneration%ﬁﬁqm'@ﬁgaﬁﬁiWﬂ@%é,@mwmmaﬁm
& foTq STRoT Far @1 Tool path generation &1 A1 @ FeX WY EEA fafiy 1 ex T St fafd
%mﬁmﬁﬁmﬁrm%@m%mmﬁ%ﬁm%smq’u#awﬁﬁﬁﬁi,mm
ﬁgaifé;awﬁmaﬁwaﬁﬁmﬁammwmm%ﬁ@mﬁmwﬁ@ﬂ
¥ wew fean s R ag SR @ fafee % emar Wt ww —
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Parametric, Drive Surface 3R Guide Plane Method X T fifyf fese g W Th H TH
Hag ST tool path generate FaT 7|

e A et T 3R & SR W, tool path @ & FERE amefa Y snaRE € W
1 FRRTA SR tool path FY Arsr a1 € # fis FEREA F X-¥ plane T wa& 3R plane ¥ =

intersecting curves ! T %) Yuelifew anefa 7w ww ¥, Taw 22 & IR Y ge 99 Fafo
¥ farn 1 WA 21

TH CNC W S0 ¥ =2 fiifig arey
2, @ P A 231 e e w3

CNC &R # 2 3181 IRt X ok Z 211 ww e ¥z F 3 a1 a0 ek X, Z 30K v) wh w3
AR W 3 AW (X, Y 3R Z) 2 |

A ot §1 AR 2 o § o W A & GEI ST

Ball end mill

fam 4.12—2@ NF FAYA

FEX ¥ ITFOTSR THGG T o U N o, feeman ok fedea | w0 e #1 T @ =R
# f1Y solid modeling T 394N 2rar € f58 tool path verification FEq ¥

Ball end mill

Free-form surface

Free-form path




._.}_,.w;. cwﬂqa@aﬁﬁﬁmaﬂ?w@ﬁ@iﬁﬁﬂm|mﬁa@—ﬂ@aw
% &Y Cutter Location (CL) data ¥ NC Waw 991 % folq CL HESH 1 S9fd A Hi &
Af 21 56 S H SR W e SR S CAM S e S 8] SRR R A e
F ST TR-NHW F T F U fH W@ 2| v ww G, STeE ¥ NC AE F oy
Yl AETIF TAFR M@ FIM 36 FHR a7 730 NC S HOed 1 HeveH <6 e Bhid | gy

el a1 RS B 2, ot sTEvas @, @ DNC F1 ST 3% CNC 79 # SR i fimy
ST HHT 2 |

NC Post-procesor

CAM System CNC Machine

Pl Seomaimn s

CL Data output I Tape output

fax 4.14

421 TwEt it cAD WiRESX ¥ BT 82T & CNC ® IEHT &

(Transfer of Drawing Data from any CAD Software to CNC)
CAD 221 ®1 314 Uahsil Sl ANSYS, CNC Programming a1 37 CAD st § firafa & S1ev
21 38 F1 ¥ Neutral FEal ®1 STEP, IGES a1 DXF Wigal &l 3UEM H31 2l 21
CAD. ST ¥ CNC Sad § THW 1 F fau fefafas 9 =00 o—

422 d&tEt 31311 AT & (Preparation of a Technical Dl'awilig)
Step 1: Export your design to a CNC-compatible CAD file format

IGES SLDPRT -

o= 4.15
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—"-—-_—'_-__7

7=
& (R E ]

&9 ¥ CNC #¥if & S8 fiFu S 9ot Wigel Wew STEP iR IGES 21 3 wrey irgA-9rd
¥ ot TrewH W ST fH W 9 R

a o GraETS 8, A S T o ek Hiew Hea: fafmio sk % <k g fiig W STEP
re B wREfda & S

o fesed @ Frafd STEP & &9 § €8 3197 el CAD SR § F| 76 TE | 39 78 gHf=d
0 ¥ forg see T ¥ Tedt friam w1 www Jfea w6 e

423 Functions Available in a Typical CNC System
e SiHBE CNC STeh ¥ Sueey w1 A9 geftas —

424 CNC woret ®

(Some of the Feature

Controlled axes

Max. programmable dimensions .
Multi-quadrant circular Interpolation .
Rapid traverse .

Rapid traverse override
Exact stop

Reference point return
Decimal point input
Radius programming
Program number display
Program/subprogram
Optional block skip

No. of offsets

Cycle start/Feed hold
Manual continuous feed
Machine lock

Single block

Variable tape storage length

Self diagnostics
Stored stop check
Spindle speed

Simultaneous axes

Linear Interpolation

Thread cutting

Feed rate override

Auto aceeleration and retardation
Dwell

Co-ordinate system setting

X axis dia./radius programming
S, T, M codes

Program number search
Program format

Canned cycles

Backlash compensation

Reset

Incremental feed

Dry run

Registerable programs

Data protect

Emergency stop

PMC (programmable machine control)

syere gensll @t 5o faswng

s Available in Typical CNC System)
maﬁCNcmﬁ@qﬁtﬂéaﬁﬁﬁﬂmﬁmﬁmﬁmw%mww
fordrommd &—
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1. g&™ U &1 @ereld (4910 (Automatic Determination of Optimum Tool Path)_
m:mgawﬁqﬁmﬁama;m@ammma:m arpf W RN ey
¥ fore FBm RS (Artifcial intelligence) 1 T Fal ST R AH ST I afy
& TS FT F AT 3%=a® (Optimum) WﬁgaﬁTWﬂﬁ%Eﬁaﬁﬁﬁﬁﬁﬁmm@,
TR, T AT = HW Y FA A e 2 | e o

2. Wre fuiee FfFFTE (Feed Spindle Orientation)—fsfieer Fafm Towflo e W &
SR | g4 Afufa=mg (spindle orientation ) a9 i TH e R - -

3. WEAIfed Wig 2T AaW13s (Automatic Feedrate Override)—4iehe fafeT ﬁﬁﬂ?ﬂﬁﬂ T %
WW@W&WWW%,WE—WWWﬁWﬁ#WW

He o wafad €9 9 fuif@ #37 & fau Automatic feedrate override feature =l ST B
21

4, F53 T E1eT (High Speed Tapping)—fefseat frifa feree. et fofea 2w iR Z sy
e ) RiFEs 0 ¥ Ged a1 81 98 AW fose gofen 9u gest % SYEN & fa
ft 359 7fd, 3= YRS (high precision) & (tapping) §H& AT 21 39 TR T'T F &Y
¥ of S S R

5. Sifedt SM&fd + IoA UX WA w11 (High Speed Cutting of Complex Contours)—<ifed
3 & fau f5 o7eia 818t < a% 989 (Interpolation) Hi STEYIHl erdt €, 32 A1 64 fae
TR #i 7fd F a9 AW & IRomEgEy ONC faen § wgd sifas % <€ 2l

6. Frde feafa @1 gar @ ¥ (Absolute Position Detection)—3fg T+ e feafy &1 v
T 1 GRE & WE FH R T, T CF G B SR Y B Y oo IR fofy A
T dileT Ugar ¥ TE e EN R weifm ¥ % o ag R ey § e 3
7. EAIfeld &g (Automatie Centering)—fﬁwﬁaﬁ@ 9 YW F 39N ﬂ, =2 B afi
HART 1 A9 A I €1 W RO kSR W, w g el @i w9 8 et
& I & o it ot 3
8. TR WIS &V fTHHUT (Adaptive Feed Rate Control)—3d HawM & S T Hie 3R Z
aaﬁﬁamﬁgﬁﬁm@?ﬂ%,mmﬁﬁmﬁmmﬁmﬁm@aqram
(Overload)ﬁmm%,ﬁmmmfﬁ@ﬁmmﬁﬁﬁrrrsg%mmél
S|
9. T WI VRS (Tool Path Storage)—2d W9 BRE %awA %7 3yam TRt ¥ 39 fig #
Wm%mﬁmw?wm%m@gﬁz@m%mm%mm
* A9E T fAT G R S AT 99 2
10. Tagqur wfeamror (Deflection Compensation)—%d: &ifdyfd ws 787 wr faeearom & fom e
Wm%,ﬁ%u@%mﬁsﬁmaﬁaﬁwﬁma&l%ﬁﬁuﬁ%

11. w3 &} feufyy &y IR (Optimization of Cutting Conditions)—E Hhuet figmen F1
T ST F W e Ter ) ol TR FTd ¢ $eTCHRA S giysi oNe womed

—_—
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i

# g A G & T F o uviia o & A B gew w2 A Sugm ST
o 3l e W = & e s @ §1 WS H smfaa w01 & fAw aEw
1 it s fean T )

12. gt Wi%E WG (Ladder Circuit Display)—ufbe ¥ @e 3l sg € #i feafa #1 CRT
fowel W WG T2 W weRia fifen s & s wrened F w0 1 3 e 1w

425 CNC Tae® AWM= i fagieant
(General Programming Features of CNC Systems)
cNC foen # Tifigd foran w1 wevar —
(i) Wit s % AT CNC faeen
(i) 919 3 = X F fow oNe faes
(i) F ST SR W Wi, s feea i, TereR W afeen anfe & fag CNC
faem|
7 CNC yonferdl ¥ 3 faviyam 8 —
1. Absolute and Incremental Programming—f=3 4.16 & @2 fe@m 2 fomii 3 9% feat frg s
3 3¢ F WH & T=H & IEN A g few T ) Shonfin #3899 F fofu, 39 S (Dimensions)
Fi ghig HenfEre foen & weiy § fife fmn S8l 3l v s1ell =1 vee uRifia faan s R
fad 4.16 @2 F fFAR ¥ S0 W X 3 Y 7&ii =1 quidl 8157 1&l & Hay § o4 9¢ T & s
T TR H S R
fray fdwie WoTrett (absolute coordinate system) & AHSl H Tt S, Ihdig & <29 & a9 |
fifée g €1 feia Fdeis Sonel % WHeL o, I 32 UF srurh €1 WSS Fi-aifee fuoe frfa
& Hay ¥ fifde an €
e & fau @9 B8 # ®Es.l,2 3R 3 F T R HwiEE w9 9 fgd foiea & A9 foua fean
S ST Ted wet TS fafed | 3 AR FEHT ¥ 3w fHu s et o frdwiw e Si—
2. For Absolute Coordinate System For Hole

Position X Y
1 10 10
2 30 20
3 50 30

3. For Incremental Coordinate System For Hole

Position X Y
1 10-0=10 10-0=10
2 30-10=20 .| 20-10=10
3 50-30=20 | 30-20=19
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426 aarq @ AR fafas S (Preparatory Codes and Miscellaneous Codes)
CNC 3. % wF fafire Yar (R =irF el 9 ?) e @ W —
N 0040 GO1 X100.05 Y180.95 S450 MO08;

T il T i AR (3 W 4 F), N W § YE A ¢ T w F 0 A Ao O
HHA o G B G.codeﬁﬁ(GOI)qﬁqaéqﬁﬂTﬁﬂquﬁlaﬂiqﬁqﬁw%?ﬁﬁmqﬁ
mﬁmﬁﬁcwﬁmemmm%lmﬁa@ﬁg%x y 3t Z frdvie 2 ¢

R WIS T Bl € 98 Wis 3o (F) § fiffs 21 21 (SR F 400 mm / min % W)
afe Wi fee =iie ¥ fifde R, & W f ¥ e w1y 31 sravasa T 21 fdse & ufq S 80

fifée =i ¢ 21 (S 1fa BOORPM )1 M vr=2 fafaf ‘
Feie WX =1 A T R e v |
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ﬁmmﬁm@mmwilmmm%mﬁwmm%m
# wefd o ST ®1 o ek R s R ST T TR W tool F A T, R ¥ fw V7,
Fror & fow A’ afe #)
4261. G-BE WM G HawvH

7% T ¥4 4 NC B MA ¥ 72 fird=d TaRM (preparatory functions) ¥ gl Sl NFEAET

F! WH B (Standard Function) ¥R Tt 21 g w9 ¥ fow w6 CNC woreht ¥ S Sifys
%&A (FANUC 0) ¥ wfye §—

1. Interpolation Functions

e Positioning (G00)

o Linear interpolation (G01)

e Circular interpolation (G02, G03)

* Polar co-ordinate interpolation (G1 12, G113)
Cylindrical interpolation (G107)
2. Thread cutting (G32, G34)
3. Feed functions

¢ Feed per minute (G98)

e Feed per revolution (G99)

e Dwell (G04)
4. Reference point
e Automatic reference point return (G28)
e 2nd, 3rd and 4th reference point (G30)
Co-Ordinate System Setting (G50)
Inch-Metric Conversion (G20, G21)
Constant Surface Speed Control (G96, G97)
Canned Cycles
* Outer diameter cutting cycle (G90)
e Thread cutting cycle (G92)
¢ End face turning cycle (G94)
9. Multiple Repetitive Cycle

¢ Stock removal in longitudinal turning (G71)

e Contour parallel turning (G73)

* Finishing cycle (G70)

* Thread cutting (G76)
10. Canned Cycles

*  Front drilling (G83)

* Side drilling (G87)

* Front tapping (G84)

* Front boring (G85)

o N
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11. Compensation Function
e Tool Nose radius compensation (G40-G42)
e Changing tool offset amount (G10)

12. Measurement Functions
e Automatic tool offset (G36, G37)

4.26.2. M-Tha®® (M-Functions) . T

M-wmwmﬁﬁaﬁnw%mﬁwmlm,ﬁﬁwwmwm@mm
FRiz i/, e S, Yo dw, 39 sefRm o wifvE

o e, 39 Fl Y NC Friaor & € i R T 1l e, T T Seec A deen
(PLC) TeXid Wer fiFa < & i mefia 2 feseR 7o PLC S =1 faftre srpdt favianat
el T 3 foru feaed X G| 98 FESTER % foru T o il gl e, e, W die,
SR Gie frew, o% o % @Ra aRad, STomfes SR Siw/as, qEi Heie TR, S uF
HRIA, 9% TR R G I Terds SUHTON H 0 9, Led H SAEE ¥ i
Hehl 2l

4.27 H@W (Interpolation)

wies fig 9% TE=n ¥ fog womss frufa & iy afg =i Tomn 1 98T e ST @1 W8 & e
e s, e 3 T=ER €1 (A) |9 122 X-319 % G O Has 98y o sfaffae Fw@ @)
T 2-3 3N 4-5 Z-38 & GHAIR 98 E1Ee3-4 A X 3R Z fewed ¥ vw Wy uaw wite 21 <
Y fAfde wie & YR W CNC JUITeht. T58 &1 ATHT i 1 701 0 9feh THag Ft Gag W W
2 Wah| B WS 1-2 F1 IHOIEd IG5 94T F1 SUGNT FTk =] A S 2

TR sl A 9W FeA F ¢ 3940 fhT 9 910 Y9ER WY # o o fafya fea w2

5 4
/ »
3 2 %
1
1

(A) e TG (Linear Interpolation) (B) ?Fﬂﬂ W& (Circular Interpolation) CW
2 ' .
1

(C) T W&W (Circular Interpolation) CCW (D) g.'sﬁqa Y&Y (Helical Interpolation)
fax 4.18
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428 &S TR (Canned Cycles)

o H7E T TR T 1 O T & o Fefet, i, S s i S e seeE w9
$1 S F I, T TSfel % ¥ 7w % freafafan gt 9 §—

. T ¥ At §

o WiE T Wfga =

o TP fEfd ¥ A iy w Wy

FrAr: 3 Sl 39 Tefem Simem =1 sm w0 ¥ fon srevas &1 $ 9% 1 ST S0 G Th
% %7 T 2| Th TR TF o€ 5% H1 I/ 0 ¥ a7, e Fow a1 H-aien faf ¥ Hee
aﬁﬂmmlmhwﬁmma@nm@élmGSOwﬁ%ﬁaﬁiﬁ
21 fefem & faw %7 =% 681 ? ’

CNC @9 ¥ 21 =56 (G71), % =i = (G72), AT =% (G76), I fefeim =k (G83), WHred
FUAIR = (G73) R e a1t Hire T Sqey §1 hes e o ST ST H1 hH hAl 8 TE
S Fi TS B R T R, T TER T F WR w1 U A TH S wed w2

H7g T H STAM I GG Frefafed 9w | e ¥ t@ S aiet—

1. TS R A X- SR Y-l % Wi frum 39 W e O fvan ST

2. wEift Aratem (fgfem, ftm, it anfy) ot § XFR @ FARR[ Z-%R % fHar s @

3. U9 SR IS W 299 Wie € W A1 AYI €W F T F MU W 999 o o S B

4. F =% H Fde F A 77, g0 FrgEn & e o iy sewm | (M03) &1 STan fe

ST =g u)
5. W4 TEH ITHTT AHHS (G43; G441 G49) I s o ¥ ffdw fpn oran 2, A sifwde =

R-ER R feufa % o o] e sm 21

Fot T3e At 135

G code Discription

GO0 Positioning (Rapid feed)

GO1 Linear Interpolation

G02 Circular Interpolation/helical CW
G03 Circular Interpolation/helical CCW
G04 Dwell

G09 Exact stop check

G10 Setting offset amount and work zero offset amount
G17 Selection of XY plane

Gl18 Selection of ZX plane

G19 ~ Selection of YZ Plane

G28 Return to zero

G29 Return from zero

G74 Reverse tapping cycle

G76 Fine boring cycle

G80 Fixed cycle, cancel

i
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G81
G82
G86
G87
G838
G90
G9o1
G94
G95
M code
MO0
MO1
MO02
MO3
MO04
MO5
MO06
MO07
MO8
M09
M23
M24
M25
M26
M30
M53
M54
MS80
MS81
M82
M33
M90
M92
MO8
M99

429 CNC W9 o G| VB (Programming of CNC Machine Tools)

Drilling cycle, spot drilling
Drilling cycle, counter
Boring cycle

Back boring cycle

Boring cycle

Absolute command
Incremental command
Feed rate, mm/min mode
Feed rate, mm/rev. mode
Discription

Program stop

Optional stop

End of program

Spindle CW

Spindle CCW

Spindle stop

Tool change

Tap Oil on

Coolant on

Coolant/Tap Oil.off
Detection of contact in -X
Detectionof ‘contact in +X
Detection of contact in -Y
Detection of contact in +Y
Endof program and rewind

Tool length Offset execution

Tool length Offset cance
Rotary table CW rotation
Rotary table CCW rotation
Step mode tool removal

Step mode tool change cycle

Pallet change

Pallet unclamp

Call of sub program
End of sub program

CNC st s w2 & S ONC el 2ot 31 =t arat el 1 30 Fet & et o el 70

21 dre1 snfirde sfeea At S s
Sfeer 75 1 W, frd w9 Y 3-9787, 4-38 3l 5378 CNC WAt & fer s wRespd

EYTEHA Bt 21

rCxical

ﬂ?ﬁim,CNCﬁﬁﬁﬂwmﬁmaﬁ‘?lw

£
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CNC EFA 971 & fog @7 fafere qeiet 9 aroamn mar 24—
1. #Fe/@ CNC srmfi
2. CAM WIR® (CAD/CAM it shafi fawew) o Svdm a0 S
e M W I & A A @ ok fe e 9 g9 @ dRed 9 sravae ot 21
sfed THdE F ST F CAM HRIR F 7e M Tavaw@ 8 81 CAD/CAM e faeen

7 @ ¥ AH0E B TR IR o1 eE wU Y A W@ 1 A w1 e Ry Rt
aqgﬂmffﬁmﬂm%l

430 AFETT W WEEERTOT (Manual Part Programming)

ﬂﬁ%ﬁﬁmaﬁmwmﬁﬁ%m%mwmﬁWaﬁwﬁ%lﬁaﬁmﬁ
S

o EH JRT—ATER, ARE, WaE A w1 gEAHES avem|

o fiife & N R =2 99 1 fis =1 799 2

o EWF WS U T Y& F T97 X

o T W2 MU F fou wddw 2w 97 w7

o Tramed =t fesmfm o sdhdtq =1 v

o difed T iR TRT T F F AU whrmed F wfEa o e w fofa w0
o IUHV H TIT A N AYEE FhFHEA

° Wﬁ'@l

o Tm B T o A W A T w e

o TERA WA & fmior X 3K Fdam Y

o Ife EEF B AR FAfbmw IR F o wfd ¥ Wy wET # 3F R

o fas & He ¥ fo @A S|

T TEet Seor@ faRan T o1 T NC w2 @ e @ SR sl w5 o 1 o
wiE F FE W BN, VO UK F QA TeH BN—TF IR T R TH WS HE W OGIA B
sfaffam st 21

g3 frefefEd 8 —

N-G-X-Y-Z-A-B-C-F-S-T-M

SR W

N = sequence number of instructions
G = preparatory function
XYZABC = co-ordinate and angular data
F = feed rate
S = spindle speed
T = tool code
M = miscellaneous function
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um frefafan T % areaw @ w9t 30§ @Y e i —

I. NC %9 & ®6E % oreqm § #5721 TR

2. T T fo= iR femp gw @ gaa 2

3. DNC We—dd Fo ¥ fium & forg sydim ffan s @ a1 CNC w9 &t 39 & sy

VRS & fou svdm fFan s 2

4. ST B O A T F WeAw ¥ WA B TIEARG fha S T 2

3, CNC Fresor & fiftfq sonfim &1 T ol &9 wiSfd e & @1 21 CNC S ey =
ST FTh, TAER 7Y Frier ¥ @ FRw # U6 U2 S T TEA 8l e = 3N STy
IR AhIS F W9 G <o AV FHS H ST Hh AR B 4T CRT R S Sifufy 5

TSR T Y Fehell €, < 99 & 91 A Weh WHHRI FGH HLl € S HIMA T Had & i ONe
WY w1 WEed 9 9§ SAfed ST

Example of a Program Block

Circular Y coordinates Speed
[ interpolation CCW | 25 mm ] [ 1500 RPM I [ End of block ]

l Y l l
NO8 | GO3 | X20 | Y25.-| \F500 l $1500 1 MO3 | 1105
A +
{ ! |
’ Line number J [Xcggrﬁ:rrl:tes . { Sze;%ﬁ??n ] l Spindle, CW \

Tool length
offset

o= 4.19

>
S

Depth of cut

fa=x 4.20




S

Example of CNC Drilling

= 1.2 i

1.2

1 ¥

X0 Y0 >

fa=x 4.21
NO1 GO0 X0 YO Z1 T1 MO1:
N02 G90 G02 X 0.3 Y1.2 Z1:
N03 S1200 M03 MOS:
N04 G43 Z1;
NO05 G81 Z-0.6 R 0.1 F10
N06 X1.2 Y0.3 Z1;
NO07 G80 GO0 Z1 M09
N08 G28 G91 Z0 MO5;
N09 M30;

Explanation
T SR G81 FEfeim e =@ H T FT F a8, STHOA sF § woF X-¥ feafd W e 9

A T ], GO HITET T I T B & ¢ IwAM e o R
NO1—Zd ==/ <o X 1
N02—7e ¥ @.qeeh fafer feafd X0.3 Y1.2 Z1 W W €, Sficwde #t i e &
N03—fesi 1200 RPM % w19 gfeomad goi I& & €|
NO4—feel & Z1 1 e el ¢ SR 1 s &ifyfd (G43 HOL) i e & T&w g, ¥aerh

e feran S 2
NOS—fefein =5 iy, feat 301 ol T wie & 7 €, 70 Fis F W veeh fga adum feafy

(X0.3Y1.2) W # T &l
No6—ifis feferm = & 3787 T % WY HTH B ¢ IW(AT 3T fg X1.2 Y0.3 W H W @

NO7—fefeT = @1 G8O e ¥ q9 T & &I s €, Fpie Fi §g e s ?)

Nos—?if?wwmmmmﬁﬂ%,wﬁqﬁﬁﬂgﬁﬁﬁ%ﬁuﬁﬁﬁmw%
3R Fex A2yE F A A @ 2

N09—CNC Tré-Sam GaTe & T 2|
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1. FHYR TS AGHTn (CAM) A 219 F1 THR 82

2. CAM YUTielt ¥ NC WM s99 & 9 SHeisd|

3. FriEve W A T = ST 87 T HA-GH @ W

4. FHaem sz few qu1 Ger F-sifere faen Fi w70 H
5. fewn-f=¥% (Orientation) 1 e TARA|

6. NC 3IRyd &7 § 27 fFdl @ & wfe 9o HX

7. NC Post Processing =T 87

8. CAD HIT¥R § CNC T¥iH H1 ST ZEw Jumett H 01 il

9. TF CNC WOl % fofT SH-§ HaRA Syasd 27 37t fagmard «ff sang|
10. CNC Yol ¥ | Wi %eR sl

11. G-FRM 3R M HaH F1 &7

12. W& (Interpolation) ¥ 3119 T =R (AT 27

13. e =% guemgd|

14. CNC |9 39’ st g aifsr

Qo



JTH.UH. &7 ey (Introduction to FMS) : C,)
ﬁﬁwmwm)ﬁmmmmmawﬁaﬁaamﬁmmﬁm

<

?'mﬁW%WWWWaWWMﬁWEWWM%Q
mﬁﬁﬂ“mﬁ%a@mmmw%wmﬁwélwmﬁﬁw
e (FMS)@Wﬁﬁ%ﬁﬁﬁlﬁaﬁﬁqm@m%mﬁjwﬁm%mm
AR T F T o e e @1 i ik eeied St @) faf S 3 St
1;‘A_‘ﬁ1m%m@ﬁﬁ?ﬁﬁ$ﬁ%ﬁﬂms%mmﬁm‘él

Machine M1

-

i

Painting
robot R4 Painting
station PS

Input buffer  Conveyor
1B1 belt C1

Robot R1

Inputbuffer ~ Conveyor ;% / B
B2 [ ‘beltC2

Assembly Robot R3
station AS
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T

T et fafmior qumeh (FMS) Seared gam  gUR X T € S T TAR P R Iy
AT F FH H T 1 A o o A-g-3irE T B T TS S O R W ey
1 T o9 IR F SN T GEE YEH H B 36 @WE h AdAu § I IR a0 g
TEd 21 HiE 9 Syl F @ieT st e FT, St FMS & AU oTavas §, 3 Wy
goTferR & qor ¥ 7Em g =

Kearney #R Trecker & ITTER— FMS, NC Waﬁmmwéﬁhmmﬁm&@g
(pans)%@wmﬁﬂfmmm%,ﬁlﬁmmmﬁm%maﬁ?%rfmm::mﬁm
=1 Tfeiiel €9 | GEEE ITEN % U W@ S € @i faen sriavs & Saed, A0 3R SaR §
R A @Elfold €9 ¥ a5adl H ATHfed H Tl .,

FMS WoTeht ¥ i §, ‘FMS TF agfeos &9 9 7 g8 @ Jonel € S ThiFd o
foreisor 3l e Y ¥ FROT TOER0 3 o sriEsl 3 7eiHl & U age s sired 3l frifa e
T T Wi fafmin w snefa 2

FMS TiSshisoreiie Ssifrarcn sik #feper soif@ror & sedt 8, e o= #8 & 1 9
a?ﬂfmﬁ‘ﬁ'ammﬁ%l@ﬁaaﬁw—mwmzﬁ,mm—éﬁﬁ,msﬁtaﬂw%
Tl 1 Al T ?1 FogeX FARE ok gee e @ge FTar 81 eeiend SR gy R
& I8 HASHA FH T 3R FH T F I F U frga @ F1 IeT 999 I

uferan 3 senfirat & g€t 9,

1. 7ot feifia smar ofR qafuifa Sggeh & e sewl a1 Ikl &t fFl #1 IR 3 &

faw frg=or &« wfka 2
2. TF Tl S SER Gaiha o, FH 3HE A ST S=F UE 91 Yoo SR g R %
qed WiEe 9Tl HREM! 51 96 i § Heg Fdl 2

52 orElet fafmaior faen & &

aeitel fafmioT F1/8@EReN Jerome H. Lemelson (1923-97) g1 faspfaa fwan o on, S wer emfta
Sl $efifa 3iR sfshias 41 fF7 1950 & <9 #t Yoo § ¢ deifuq 39 <R R 9
ST YA festen & Reie-smeifia yonett o st fAfdfa I o1 feen, fdfen, exiaeor s frdem =
Fehdl 4l Lemelson % FMS SRl & S8R T 98 foed 1960 % a9 % afa ¥ srft A g
T HI@H! F g g @ik 1970 F qwe § fawfad gen

T it fafion goneht # Feger i % WY WOR T w5 e gt @
m%ﬁﬁ@mﬁ;é@ﬁ—é‘sﬁmﬁmm%,ﬁaﬁ&ﬁ%ﬂ/aﬂﬁhﬁ'gwmm IR0 ¥
Wmﬁmﬁwﬁmuﬁwﬁnéﬂmﬂﬁwﬁ%l@ﬁ@mwﬂm*
W‘?a‘ﬁaﬁﬁmﬁ%ﬁmfﬂmﬁWMHﬁWwﬁﬁmﬁmﬁ%@
S W TR W A feaw e v 41w ity S i 9 e <) sy <eqdl A
mmﬁﬁﬁmﬁ%ﬁ‘ﬂmﬁﬁﬂhm@m% :
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5.3 FMS & q1&a ﬁ% (Key Takeaways of FMS)
(a) T o=l fafmin goreh

S ST S ey
(b) STET IR T Toh Twfora &, we Wy 99 o S FH F@ L
(c) TG, TH FMS FUTeht fosiren ad s ey 3 fom aafires menh vt 2, of 380 =] 7@ %

e, It TN 1 sTrarversren it 31 o o =7 omelt et €11 @ et @ 59 TR 2
fafemfor e B WA @ S F e fr 3

L. qﬁﬁﬁvﬁﬁwﬁ%ﬁﬂﬁm,mw%maﬁmﬁ%mmaﬁmaﬁ?mﬁm
feedt = Fronfed S % ww W wmen w e o e

2. GHA AN 1 A AT ey e 2, o o o R T @ AT e S for o e
H T FA T S AR R e e fereew 72 SR W G FOLH wew A R

54 fafmior ¥ ereitemas * TER (Types of Flexibility in Manufacturing)

.y

(FMS) %1 FaR e <1 @ Tt % gehr 3R 7o & ofteds & feag

Flexibility Type Definition Depénds on Factors Such As
Machine Capability to adapt a given machine (worksta- | e Setup or changeover time.
flexibility tion) in the system to a wide range of produc- | e Ease of machine reprogramming (ease with
tion operations and part styles. The greater the which part programs can be downloaded to
range of operations and part styles, the greater machines).
the machine flexibility. ¢ Tool storage capacity of machines.
¢ Skill and versatility of workers in the system.
Production The range or universe of part styles .t can be | » Machine flexibility of individual stations.
flexibility produced on the system. ¢ Range of machine flexibilities of all stations
in the system.
Mix flexibility Ability to change the product mix while | e Similarity of parts in the mix.
maintaining the same total production quantity; | e Relative work content times of parts
that is, producing the same parts only in produced.
different proportions. e Machine flexibility.
Product flexibility | Edse with“which design changes can be | e How closely the new part design matches the
accommodated. Ease with which now products existing part family.
can be introduced. e Off-line part program preparation.
* Machine flexibility.
Routing fléxibility. | Capacity to produce parts th.rough alternative | e Similarity of parts in the mix.
workstation sequences in response L0 | e Similarity of workstations.
equipment breakdowns, tool fa-llures, and other | o Duplication of workstations.
interruptions at individual stations. e Cross-training of manual workers.
e Common tooling.
Volume flexibility | Ability to economically produce pa.rts in high ) L..eve.l of manual labour performing produc-
and low total guantities of production, given tion. ) . ;
the fixed investment in the system. e Amount invested in capital equipment.
Expansion Ease with which the system can be expandedto | e Expcnsle of a@ding workstations.
fiexibility increase total production quantities. * Ease with which layout can be expanded.
o Type of part handling system used.
o Ease with which properly trained workers.
—
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FMS faeen # 97 7e7 firew o) §—

1. F Frifaa wid o =pfwa frifia i)

2. Tl SIHIaTeT JoTet

3. F FRAT SR S el Sidiel ik wei AT @ frEifa F 2l

Host Computer

Machine Station 2

= Machine Station 1

Robot Controller

fox 52
T Al adtel fafmior somelt (FMS) B Aeie, Fwer frfa weie, afed frifa i
(CNC), $egievr feary, F9R, Ty, 3. 370 Le-orer o ga &1 fafmfor seintt % 3aem 3
TEe FT TN TGN F TIFRY & o fopar s €1 gt S & fe s=er a1 @it fefm
e F o START R S @1 Fed R Aeiiel B w9 werEdT ¥ SRV 2 Y S Wi

=1 qof faran s 2

As FMS & T _d@

1. 'S'lﬁ!ﬂ' (Hardwzre)
TSI GYIMH (visible) 3R G AT (Touchable) B & S Fretforfas wor ¥ & 993 ¥ |

(i) CNC #3119 <e|
(i) (uig wf @iy
(iii) FrE Tefer Sutr (Ve o1 @t PR 9e)
(iv) o9 &M 3R shaes e
(v) e yomedt
(vi) TH<E 99 qret 79 ((CMM)
(vii) Ted T R
(viii) frdieror grdaer
(iX) FY FTEAT IYSHT
x) i 9y 9% fges



r

st

. gfezaal (Software) !
Wﬁ@@‘W%ﬁﬁ‘%'lHWaﬁF.M.s.%mamﬁﬁr@fﬁﬁmﬁmﬁmm

el —
(i) a@maﬁi

(i) e e
ﬁ%@;ﬁﬁﬁg;ﬁqmw;ﬁm F ST EM.S 7 i dweh ¥ arex 6 At
et T & Frefafan w w3
(A) IIRA EADER (Production Program)
(B) WfERAT ASHI (Process Planning)
(C) SR FdET (Tool Management)
(D) T@ T@HE &l A (Maintenance Management) '
_: @éu%ﬁiﬁ%ﬁ%?%ﬁ?@nﬁmsﬁ Aife el & fex s i
- iR wE A fefafad st gt F—
(A) FIECHEREDEL] (Production Control)
(B) IWRA i FRm /e (Reporting of Produetion)
(C) H¥iA/9fshaT f==9T (Machine/Process Control)
(D) w9 €M (Machine End)

.3, TIMEE (Layout)

émm%wmmﬁmﬁ%ﬁam%maﬁmaahaﬁm%lﬁﬁﬁmgﬁmﬂ
ﬁ%ﬁmmms%%ﬁ@f@ﬁﬁ@%lmﬁmwmaﬂtmm%
o wF EvEE sTER oM w2 |

deTRe e frafafad S #1 e 2 —

(A) $-¥M3T S (Inline Layout)—F+h TH o0 # wh et Yan & wan wman 3 S f®
fots.3 & famman 7o 1 7% werse Ged O €9 R ol T W Yol 91 wen ¥ weiai o
-T2 e 2| e =9t e W uRwifE ShA ¥ wer € ok 99 voh g 6 fransh
BN R ST T A% DA W HH B A BT 1 AR e BRI R S 21 s s
TR H FH R F fo, TR U wonelt ¥ SuERT R S A WeiiA ST 9 YR % S 2

I /|
s

Conveyor

Logd - Unload
- | tation ' ’;L station
22
Slot-2 Slot-3 Slot-4 Slot-5 Slot-6 Slot-7 Slot-8 Slot-9

oA 5.3—3-084 #aM3< (Inline Layout)
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(B). q w33 (Loop Layout)—<14 [GE;|ETA

VD] ﬁmﬁmtlﬁmm@mm , ' q»‘-
ﬁmﬁﬂﬂ;ﬁ;#mﬁ(pmg%maﬁaqgnﬁ%a?%wﬁmaﬁwqmﬁamﬁﬁau

¥ feramn T R -
Loading

t
Unloading

RS (Ladder Type “ : #
a&%ﬁ%twmamw@ﬁwmémm%ﬁawmm

mﬁm%uwémaﬁqw#ﬂrﬁamaﬁﬁas.s H fe@rn T R

7]

—
A
Macr]
Aut ¢
—_— —_—
T
\ i .
" Mach ‘ 2=
Aut EEO
e — - %2
E“’é
c
i 5
: % Q
Mach . Eg
Aut =
— e i
)
Y
q Mach
Aut
- -—

—
'.;,I
1 9@ e S
o0
¥
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e

) G &% & VT (Open Field Type)—qt & & sz # oy o o A3 ¢ ok vl
A s AT 8w &1 <t o o 5.6 9 e T 41 ¥ AR 1 WA W FAGTS

@@W*m%mmmﬁmmmﬁmmﬁmmimm
#1 Te ST T F MUR W 7em1-S7er FrArE ¥ w2 fhan 5

Starting

1

Load —_—

Unload | <—

L L] T

- ® -—

Rungs Work stations ' '
workpart
S
® [ & ° ® | ‘

e =] Sg

2 units

. == e
CompletedI

workpart

fo 5.6—%Em @7 & WAMIE (Open Field Type)

(E) 0eiz FHfxa THR (Robot Centered Type)—3F FUTeh # T TAiawwr & foq stz 1 3w
fipeT STl €, AR Y U ke % 9RIY W@ S 2, 39 THER % AeTse H IRTT A ot FE

I 21 39 AeSE H F Gwifaa e fe.57 @ R

T

- ]
NC Machines
—
NC Machines NC Machines
| — =3
NC Machines NC Machines
_— Robot Arm
[ |
[ ]
Coordinate Measuring Machines

furx 5.7—0vetz i@ THT (Robot Centered Type)
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- 55.1. ¥ FMS (True FMS) -

o T FMS fafis TR 3 oTomT-oTem rEEel ®1 FRifd A o 81 3% SRESAgER (g9 Ty
FOTHAE FMS 6 T TR 1 QU e §) T R § R o 5§ Senfed A 819 st
SO TE T SIREEA SR T Frf F) when F0, fested ot SRR W B Wi
3 ¥ forn SAnh 21 vl ) orer-oren T A fasmr S % fAC e wi STEEE g

o T ST wEsh A sifm fire Yrege TRad S st Teaet ¥ Fred S i wee
Tt o sTavaEa o 2, ok faww ¥ fear ok FEmTREE, GAR, SR IRE F I J T
qY Y F amal FMS § 99

o FMS He-, qem-fEm % e ¥ fag T Smn-weted w78 fafm i %
fore. SF FebT 1 SRR WO A 81 T Qof FMS SwieRr @@ o feren # wltwi
mﬁtﬁ—ﬁmmﬁmqﬁmmwmm%mnﬁmﬁmﬁm
¥ a1 S 2 |

o T it Whra S H, FMS CAD (Fet T2E A=) Sit.CIM (FofeR $tice dgiherfin)
¥ fo WrERE TERR 2, S afaq: fesTeT & arcfasal qo HaH FYe SR M A WEA | I
FA & AT g @ 2

[
Transfer
line
~' Special
" system
-l
Flexible
manufacturing system
(FMS)
@
&
2 i
o
>
Manufacturing
cell
_____ [}
Standard
and general-
purpose machines
- P
e Variety 4,_.{

f& 5.8—General range of application solutions based on a given set of work-piece volume and variety
requirements (Courtesy of Kearney and Trecker Corp.)

. mssrsm HIHN (Optimum Size of FMS)—FMS &1 3R IYaRTeHdl, 39! qagdahdl 4R
mmﬁﬁtmélwmsmﬁNcmﬁﬁ@T@mam%lm:,w

w9l A weiE <ew i g 3 R loﬁ?ﬂﬁlwm,@msaﬁmaﬁﬁ,qﬁﬁlﬁmﬁmﬁ"
T T, FEAFT SR geE & fo aftafaa v o st @)
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56 FMS & Javaesar (Need for FMS)

o mﬁéﬁm“@Wmeﬁmmélwa@ﬁwm@mﬁ-m
= | SET HH IR0 1 3T A e Wgygw ok P wei & wwo @ # )

gwﬁﬁlmm@aaﬁ{warm%a@ﬁmmm,waﬁaﬁm

Unforeseen problems

4% 95%

Maglrmg 5% _._‘ 3 Moving and waiting £
On:a machine — l ! An average
e 3 part's time
in the shop

Machine
and work
setup

12%

Inefficient use of
second and third shifts
44%

L

Weekends, holidays,
and vacations
34%

r+— The time an
average part spends
] on a machine

| rcut  ILoad/Unload/Gauge/idie!
approximately approximately
1%% 3%
fa= 5.9

57 | fe-ufafea (X gun fafmfor afar & +fta @t Teagt

(Common Day-to<Day Disturbances Within the Overall Manufacturing Process

Consisting of)

1. Wafywar (FEa=frafror) § qftadq (Priority (scheduling) changes)

0. Sifrafcn fese ® siqed (Engineering design changes)

3. Zferr sfeameal (Tooling difficulties)

¢TI (Machine breakdowns)

5. ‘WH gaEnd (Processing problems)

6. TS e, 3 Fare g e (Lost, misplaced, and scrapped parts)

7. ¥ # & (Vendor lateness)

5.8 mﬁﬁw:maﬁaﬁ{umi%ﬁqmmsm-m
(Today’s FMS Environment t0 Meet Customers Requirements)
1. 3R wEiz 3R sitet ettt % e < fae & =t

N
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59 FMS & QJ0<% IRYTA (The Principle Objectives of FMS)
1. 39% A Q@ 9R=EeE e § ganc
(a) A =X =t @& ¥ w4 |
(b) Fmior Arsm # faeem veumA stk sfifirn @ & AT STHRTOT YoM HT
(c) WA HER R fAsitar 7 &
2. TAY 99 & WILAH H FH HEL:

(a) WERFT T § SR F g (S Rredial sl affaferdl 1 s fHAr S v @)
(b) sTeafues P WA W Frsiar F @ F (I Fmion stee 1w $Sifaren wef

¥ AgR ST R o1 Gl ©)

(c) WA WeTEH & TN o Tk & A WM A F A T I YRS 3R Fmel ww
3. SY-9MA (short-run) SEERE ¥ fea GuR HEML: !

(a) TSAfTAfGT 95 (Engineering changes)

(b) W&l YREd (Processing changes)

(c) TR SISEH A1 FYaie8al (Machine downtime or uinavailability)

(d) e 39l fawerar (Cutting tool failure)

(e) = ¥ |rmR faaXor (Late material delivery)
4. A W F WreAw R et ¥ S T 9% @A H T H GER:

(a) ST H WG F 9@ (Changing product volumes)

(b) 7T IR uftaH iR 9R=F (New:product additions and introductions)

(c) STem-37em W firemd € (Different part mixes)
5. T T SYENT ST (Increase machine utilization by):

(a) e W29 A @A FIA (Eliminating machine setup)

(b). A=geTeT AT B aqA * A Eefea gRawsl F1 ST (Utilizing automated features

to replace manual‘intervention)

(c) FY F whirad =k ¥ 7eA T@A & Y =fta gwiaor I TTH FTAT (Providing quick
transfer devices to keep machine in the cutting cycle) '
6. Gt A FF FF (Reduce inventory by):
(a)- TR «gd F7 & (Reducing lot sizes)

(b) 39 ZHsieR ¥ GER (Improving inventory turnovers )
(c) G9a W fafmin ¥ faq AN ST I8 FTA (Providing the planning tools for just-

in-time manufacturing)

sa0 fafmfor sui & W= m (Problems Facing Manufacturing Industries)

1. I8 =9 (External pressures):
o WRifis Wit ‘
o Thr R 3§ whrerst Ao O % wRomTEEY A, e sk frn g ¥ gfe g & A
R A IaR-=gE (Frofa o Ft w0a wr9)| l,
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o Sedt PR SR T s wire w8y
o FH Yl & I

o S A} EFT AR AN F yRomTEET T
o 3P AF FIA BhY 3R Tk amman

.11 ﬁﬁ:fﬂ'l & ﬁ!’! RuE m (Conventional Approaches to Manufacturing)
fafmtor & wriefie ghesor wurm; w fafmi Y afhe e A el '
hﬁmﬂat-}mﬁmmvﬁmﬁmwgﬁm Sl
1. ﬁM)—mmmmmﬂ:wﬁm%mmt,aﬁﬁﬁwﬁ
¥ T % TR % WG WA w9 A Srafeen G € e s e e v Qw9 8
mmmmmmﬁmmm:mga@(mﬁ@
¥ ffywn) aw o2 & ¥ Al IR ¢

M | department Drill department
1 B o T I T L1 L] 5]
S ) Ll ] ]
Miling mechines Drilling machines
DR BN e P
Lathe department Grind department
I i I Lt} [
Y e DA L] il
Turning machines Grinding machines
I i st e ]

Machine layout by function
fax 5.10—Machine Layout by Function
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2. TEH 91 UG AMSZ (Line or Flow Layout)—3Ta¥deh FEEHTT 7 a1 1THT F w91
ZTE TATE ST FEAE &1 TH AR A, T A3 Hl Th ST 21 FriGg
T T Y TR A T Uk A T Qese § TH Aok FR F WA A e g
F=fei ¥ Tregg Q 9od &1 9UEd:, TF A1 9gd Y I-3Te FEEs TEl %l U a9 g
WATE THR ¥ ST W I fRaT ST =, Riife GEiied fey T st qrn S HEer % qy
THERIUT ST ) vl Bl §1 Wit W T e H 1 o ¢, fedenn Rfey
efem 9 & S )
3, A (Cell)—T% S RT3 =) &7l $ Th Tg-FAT ohrs § Wrect 21,38 T WE Wi
It F w9 § Hehifa frar s &, yo otem-ster da a1 fasm # fEfiE mei w wmew d
_ Y R .
Mill Roller Bore Conveyor Drill [ TT ]| crind | . !
; : Inspection Il
Workpiece flow —> : area !
Mil Roller Bore | Conveyor ol | [ [ [ ][] Grind Elal el o i e |
Line or flow departments
Lathe ! Part queiss | Drill ol Neve | Grind ! :
! area I area | : : !
Y : Waorkpiece flow —— — i '"ng:;m" :
e AT et ] 4 {12 7° &% ri | 1 :
t Part queue 1 1 Part queue . : |
Lathe | area Drill | area ! Grind B EFF Y ¢ e |
fa®.5.11—Line or Flow Machine Layout
Boring~ . Boring Milling Drilling
machine machine machine machine
Willing Gri Milling Drilling
machine A machine machine
| Lathe Grinder
Milling . ‘
macking Grinder
| Lathe | [ Lathe
o ot e D I ‘NN S S S G
Part queue and Part
o h queue and
inspection area inspection area
Cell

Cell
fox 5.12—Machine layout by cell based on part families to be processed
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2 < THA A ST B T §1 v O SR €9 A T FREn % iR T Bl Har
3, S TR STRW T feu e, T F T € T H A F A
Tl & Tl M At fr 41 AER SeTSe B S e W AE S N
Sl TR ¥ I ¥ A % o T @ W o Sfee e yarE Ted S wHnd
I G W HEHS B

512 el fatmior § Ry & aw o wiwmd
(Benefits and Limitations of Invest in Flexible Manufacturing)

L 60ﬁ80§ﬁﬁﬁ3ﬁ%ﬁﬁﬁ-ﬁ@ﬂgﬁ{dﬂﬁ%ﬁﬁm%wﬁwm
fordh T B ¥ SR | o 95 W il @l T Hed 21 FMS, HPREUS S
I T TG T AT TN 1 E, T FER A S AT 5 G TGOS AW F
THA & T H HH FHI@ B

2. 30 A 50 FRYW N SWAH FW Ay FET A, T B QT T SR e,
¥ ugd 9w F TEvEHA B ¥ FMS ¥ o ge de1 g% 2 {6, swelsd fhe e A
T STRYA At FH W A e fafy ol oo Sueier FUa1 21 S YeaTd SR T
i Rl T bl S 3 A SeTSe AL S 3 WafH AU <ed 91y F1E W N 2

3. UftGarT &7 80 | 90 W9 7% IUANT & ghe—arEay sy ¥ 9fE g § s ST
faqia srafen offeafal ol we Syato Fqem % MR W, 7 ¥ 9 faa, 7 Rl & fag
T 1 G F WA §1 FMS '@ weite, FEfe $wet 24 w2 vl fem sitwem w1
e 2 2|

4. 40 / 50 1 W H TE A HH—FY F T F FA fFHIA 51 Tha1 € 3R 39 THR TH U
iz H1 AEAaH SRR SR AN 9gd w4 A o1 a1 81 39 Sifafis, ufshar o gof =R
F 19 S ¥ T STEvaE T S B F9 8 S )

513 ot fafawioT quiTeit &1 JYEF (Scheduling of Flexible Manufacturing System)

Tt fafrfor yomelt ¥ STTEEA 0 ©Y H FE H TR SR FAG F F AR T B G
v 9 39 ARy F w9 § aRefia e st 2 fored fred wei w e # wefea feen s s
THR T, o ST 1 i e @, i T A o € S @ W ¥ wed % qdt wwif
N e Hoq e # 40 @ T T WS T A /S §) 9E O d-whea s
¥ w7 Ygehiq fear T £ @i qU A % T, YaE T, faeed, e ot vee % o sum
w0 ¥ forn F sead A F w9 F FH B L

Sregfer GEnsl @ SRR N/M/F/P 81 Frefi foan st @1 o,

N fraa 21 Tt @+ &1 G €

M TeiH # GE

F Hd ¥ ware e @1 e &t € iR

P ey S 2 S Sfaa ©9 § FH A1 Afewan e 5 2

Iegfein Tremel @ AEE SEE A=-AE & 9 ¥ weqa o s @ S fafim w3 ek

I FH Hg W FA FEEHO GUG & o wie BRI 2
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“faf-mior % fore w=fer anmit-Tefen faen ¥ fafim [ ¥ wihan e i
mmﬁmﬁm@ﬁélm%mmmwﬁiﬁmmﬁﬁiqﬁ
T ST T A Frai e €, ai oTavE A a ¥ W ¥ wEe e w

“ereitett fafmin yonelt e B T Re gra-freio wwen ¥ w9 T oo 2, s s
= @& Ffeea 92 @1 A sgme o wafirwar fafor wra-wdm & I w0 feifa e o 8
Jorferd T W T TF S Jggfei wuen & w9 Y f 2@ 9w ¢, e TE-un Wi w0
¥ fog RY 3 T, FiF v et aneh smavrEa Ao ToTeR A A ARG MeT F SR F w5y

# R fFY IR B 39 TR F Iggfem ¥ o, wev aees sitaa wi faeraa oIk fifae 9 @y
@ 21 WY @ 3 a B R wm fen wm d—

(i) FMS ¥ T& & &1 WM Fd S HT 2

(i) fFE YHR F FE H 90 FMS § &S fma s R

(i) W % feeta & -

e fofa ¥ fou, Yol HA (system congestion) 3R W, fRFFI= (part fixture) SUSTSEAT S
FRE T e fF s 81 g Frol # fHa @ faea sfgn @ w FMS A waw w6 1 fawm i
qu w1 9 R TN A THG W FREH B w90 R Rl R weiw awere w1 ffa w3
% frofa fer i 21 ot foofa areafers e % w9 FMS % wem & i e ® R e @

514 ATYAT & HE (Functions of Scheduling)

5.14.1. TF QW IR AR qoreht t e 0 & forg, Freafafen sl @ wed st
3T e aitd | femar s e
1. e (AfET) R FaEda W RER 0 ¥ a. fafte w9 fafs gl % fag |
2. gfaell w fafafirdl % srgEd & e mafiremetl % Frall w1 O dC wfd S (SIgEE)
3. & ¥ RN F YA % TR FHEAWET a% FE A} H TG
4, s F) feafas F wohan w0, Ak ST FFRE w1 3R faEeR w S w1 F A
1 T wafawad 1 wRg-faie ageE

5.14.2. FMS SJHuA % I¢FA (The Objectives of FMS Scheduling)
1. WY SR SYFTON F e ST FF GG F 5T 28 W FE
2. WERgL R =3 ore ¥ #9 nfassr) ) s @
3. AR F FW YAIK THY & ST @I

5.14.3. IYET & T 1A (Elements of Scheduling)
IARA FEEHAS B T HE & A€ G F 399, i
fraifts #30 §1 orge ¥ o Frfafad §— . bl oo by
(a) 1 A F1 Yo
(b) wEi 3R Garer i wem ik fafaem
(c) Wi % fau sfi &1 s
(d) ¥4 %1 yarg Y
(e) ¥ JmEfea 1 ¥ fow mafusar fram
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5144, FTSA et & f1aW (Scheduling Priority Rules)

wopgfirsral Fradl o T T e R e R T ) wm em 8, e Ty seea 32 Q ueE &

1. &g THERTUT WHY (Short Processing Time (SPT)): =AaH THHIV WY & TG A Hi
wfFa R

5. ftrsTer HTE 9¥ (Most Work Remaining (MWR)): 3iftrhad Fe1 THER0 g 3 Te Hraf
¥ o9 §aeE F AR w1

3. aRfee® w47 74w (Random Selecting Rule): Stdia T% @ XY MY ¥ A TH AlRIH &
=91 B

wete fafmfor gomet 155

4. W TEEHIOT WA (Long Processing Time (LPT)): Afushad THEHIU §HY & |G HaweH
! wisra &

5. Ftfermivr RGP W (Most Operation Remaining (MOR)): 3ifushiel 99 SiTReA & w14
FE & &= F9EE S ufEa w1

6. fraa arfr@ faw (Earliest due date Rule (EDD)): o fifa fram sifershan st @it faetaan,
o S W F WeT QA Tog B FEA (21 A TN Hfuw wEl W SawEEHA ot ¢ 3R
qFEe 9% I §1 $ Wafwa Ta fad o 6 afusi w1 39 (MWR, 99 TEE) W
™ T R o1 e R

5.156/!15‘]@111 1 fa’&i@ (Principles of Flexibility)

 qfeam: “Fredl SoTRR 31 SR §.2Tg sTavaEael, Yeem 3R YEEE ¥ SuR W uiEdd % fae
w'mﬁvmmaﬁql”wwﬁ,mmwm%ﬁmwm
I 5 I e frdl el B FER F WY aeen iR fawfea w0 § waw e wfew)

TR 1 ST 2 arenT-arem wesf ¥ faran s @

L mm—mmmmmwmﬁwtmﬁmmma
ﬁmwﬁ%’aﬂtwaﬁﬁmfﬁqﬁmﬁwmﬁm%aﬁmaﬁwmﬁ%m
#Wﬁmﬂﬂw%lw%mw*mﬂmmﬁ%@ﬁmM|
foret sl 3 ol A 78 el 1 e O A ¥ R o v 9 @ e
Frafor someht @ sk ferfa R 1 WS

3, mm_@mﬁmﬁﬁmﬁﬁmﬁQw%m@mﬂ@w%
mﬁiw—mqﬁfwﬁﬁﬁaﬁﬁmﬁmmﬁﬁmﬁm%lsﬁw(éﬁ)
ﬁWmmmmm%fMﬂﬁmﬁwﬂaﬁmﬁmmmmﬁI%aa%
WY we frem F sEeaEa @ o 2
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516 Trutor womett ® ufiadw (Changes in Manufacturing System)

T FioT SOTTE & eI o et uftad st e @ s e ¥ T g R s e
fmion et # ffie sR % T R, wei, arnh Sefem gfas, s, fheeR oanfe sftfem oy
T o TeE % SR WY 1 STavashal SR Frf fohan T wehdr 2|

faffor somet & 21wt ftads 1 @ Soft A fasfo o s w2 —

. wfea afad (Active Change)—Ud1 Tiad, STt 3ifatet oi Weied §iha FY | W Jorreh
Wl wEen ¥, | wited wea 2l
=" B. fafewa uftadq (Passive Change)— &1 fad el yomett § & gftad=a # erafifed amman 2,
fifsra wfads Feamd 81 390 SR I yeud 5N fowen &1 9AEfNd (adjust) T famm o
forew weifea &9 @ wfafsean s 21

T 9 G99 8 99 @IeieE ®9 Q, T ffeer afed sea B 21 ffeka woret w6 ®
wifa 3 i S 81 39 WE F GREHIV (aproach) FT ST HA W, IR Joleht w4ft ot safaufia
(overloaded):lﬁ'éﬁ?ﬂ%,?lﬁﬁ\_ﬁiﬂ'{mﬁﬁﬁﬁwmm%@ﬁgﬁm@ﬁ%
FEtelt (smoother) &1 Hahdl 2l

_5716.1. UR@dT & B (Sources of Change)

UF IARA TR B B T ST gRager ffvea 1 el off wfieds * fafim die €,
T ST IHHR (counteract) FTA A1 T FFM- forg fafim sfafranetl @1 savaerar et 21 wftad & aigd
F9 A AH T FT qF Jed A 2L IR B TR EN Gl T 9 faeer & ' W A w2
4 srfue freaRyd® @ WRadA % daifya S $ T gE @ o R

_A. 3afie uftads {Internal Changes)—3d YR & faew # wiiq AR amt Tefem womet,
FFSIE, TR G, Surefd JEEs 3R uEs onfg e R

_B. &gl qftada (External Changes)—%d TR & fo=n ¥ T & YR (type of processing),
TTEA HE, S 1 Wa R Fie, e, S, qon Hw e yonet anfe ot 2

5.17 ‘orten fafutor 3k F=AAA (Flexible Manufacturing and Flexibility)

ST T e @ S U s yeR 1 i vt % fag st @1 9w 3w w9 ¥ @
v TR # f9d % 919 999 €9 F8 H0 § 94 81 THoTHoTHo (FMS) H Ired Wi &
49 FEE F WEY (modal) ¥ T IREET ¥ FRU Iared H Rt it THEe F o s wfpa #
TfadT N F & ) e el S 3| ThoTHoTHo ey W fafvd war = fafem Afad
¥ S (different part styles) &1 T&H ¥ HHAHA (processing) FH H HEH 2 3R 9% Wy sad
T = | I@E H AE IR (adjusted) F ST T 21 fafmtor yomet g1 WA i @
Ioora FrefafEd TR 3 —
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mﬂ‘;"ﬁm‘ﬁ (Machine Flexibility) ;

_q‘gmﬂ.ﬁﬁqjqﬂ?ﬂﬂrﬁmmﬁmaﬂ‘{mﬁm(pmstyleﬂﬁ@ﬁﬁﬂm%
ﬁqmﬁaﬁﬁﬁﬂm%lmaﬂ?mﬁmﬁmﬁﬂﬁwmwmmﬁ
s B g1 R 1 e fafim s Wik s 8 — =3

(A) e A IREE F g

(B) T WY A W RS R 51 THA A WS HHR
(C) T = ITHTUT SR &l
(D) foem # #fi i Foer s aggE sl

). IWEA TGdd (Production Flexibility)

7% THoTHTHo fren W fififa fifw w1 e a1 e Aferdl (product.styles)  Soft 31 HEA
e R T R T T YO T St @ S e A A dferkt F aof uh s e &
s F 9 ) T Frefafen w ® fik ww e —

(A) STET-STER R I T AT

(B) faeey T T RIET % HIA aA=ied S HHT (Range) |

3, firgw wfaafaterel (Mix Flexibility) _

ﬁmq@iﬁaﬁmﬁmaﬂwwwwwaﬁmwﬁ@mﬁwaﬁw
S e g ORefd R ST 21 3 TR @ m.aﬁw—aaﬂa@mﬁaﬁﬁﬁm%lzém
T o e W 1 fee e S YA (shared resources) ¥ gema ¥ 3 fasor §
meﬁmﬁgmmmélﬁﬁqwf‘qﬂar@(highmixvmiaﬁons)aﬁm
W,ﬁmﬂaﬂtmﬂaﬁfﬁaﬁﬁmﬁ avEHa B gwdl €| fafsm aar fFefafed
FRH T PR 2 —

(A) fago ¥ FEdErs F T

(B) WY w1 Srgierd|

(C)mﬁﬂmﬂg%aﬁawmaml

4. AT FETead (Product Flexibility)

Wﬁwﬁmwﬁaﬁmﬁﬁﬁﬂﬂﬁaﬂmw@aﬂtwam%@mm
H FE@ F mmalﬁmﬁw—mﬁm%wwﬁmmemaﬁm
W,Waﬂﬁ,gﬁmmﬁaﬂ?ﬁﬁaﬁﬂwmaﬁﬂmﬁmmﬁlﬁﬁﬁﬁf@ﬁ
FRH W Frvfe war T—

(A) xﬂ-@@ m-q;[a—g;mq:rq o ¥ fesigd @t MRl (Relatedness) |

(B) Siw-arga W S dard|

(C) W= &1 Tyl
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5. ®fen wefteia (Routing Flexibility)

fredt R RvA W Ivam ¥ 223, sy # fasaa R o el ¥ fawa § dwfens
¥Z W PGS F1 IARA FO F A S AT H 1 I8 IR R, e Radh a
mﬁuﬁmﬁﬁmﬂwﬁaﬁaﬁwﬁﬂﬁﬂmmﬁwﬁﬁmmélﬁmmﬁm
0 F Freafafes =R §—

(A) fasor # FrdEvs F IHFEa

(B) FEHA ® Tl

(C) "mr= <fem

6. AR TS (Volume Flexibility) |
7% fafie S F IR YT Y STE- 3T T@A F ThHoTHoTHo UM Hi &7HdT B el 9§
WV Wi 3 Rad g fe e €1 3 e odiones St el S e 81 afeqw s

F TR FO T FRE Frefarad §—

(A) 93T 5 W9 SAEH F W
(B) St Sl ¥ fraw =+ T ufim

7. feTaR wefienat (Expansion Flexibility)
I% faen : Fo ST WE A 9gR F fAu e = gwd @) R oo frafafas sra
R R Fa 8— '
(A) T FHRYA 3R wfefea sfir H ey § armal
(B) @3MRe & fa@r & 1@t
(C) ST fiFw ST T T AR SoTeh @ TR

518 FMS @ fI9l9alu (Features of FMS)
TR IR JUferdl @l e =ial Seed Yol ¥ §9 fafivard FMS #Y 9 st 28—

1. WHAtEmt FetemaT—
(a) %7 (mixing),
(b) =W 9ftEdT (routing),
© H91a1 & %9 (sequence of operations) ! Ieal-eal SGe I &,
(d) FMS % BRT &IV (integration)|
2. wyfftemTor ®t qeT sinfi dvgar—
(a) FrdET Hi HifT,
(b) SR Friey)
3. wawew & forg g Wi draa—
(a) YSId BT,
(b) IYFHTUT IRTAT N FH F@I
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m———

?nqm%FMSmﬁas.uﬁmﬁﬂﬁé,mwﬂﬁaﬁmaﬁﬁ%mm 3
aen ¥ M F waw A avi faw ey @ ’ S

g
©
_g . Flexible
§ § manufacturing
.§ § system
Q—
| Flexible
& manufacturing
E® cell
8
E Single
machine
cell
1
-
1 20r3 4 or more Number of
machines

fam 5.13—vrefteft Sfvrrait sl sunferal at #7 Aforal =t v
FMS (a1 # $9 W@ fovad frafafas § wd8—

(1) §&T (Cell)

¥ ¥ T I F TR A WA A A weien mv F 7 w0 o $ TAF T B 0 99
F&1 9 21 FE F Tt W B F wgee g ffa fra am #1 3% w sad ffY (production
method) ¥ W fafyy ¥ St sIge & foaw s ffan sran 21 ThoTHoTHe M U W@ fadiwan ¥ #
w©d 1 @arfed ¥arg 3R fEf amgen w1 weifew e @1 O @efd Yeid St SOl %
Wﬁ#mﬂaﬁ(ceﬂs)ﬂ@'ﬂmiﬁ@m?,aﬁ?mﬁf(m)%maﬁ@a%qgtgm

forifira faran s 1

Robot
Machine tool

D=

Machine worktable

P

Parts carousel

A 5,142 it W s Tz & Aw e fafwton do
(Automated Manufacturing Cell with Two Machine Tools and Robot)
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(2) AgfeB® IR WA (Random Bypass Capability)

TFHoTHoTHo o Y FEI=I01 FUTeh & Agfeseh SN &7F 2l 8, JFafd T et i TR 99
Wl (interconnected system) %mw@@ﬁéwmm%aﬁﬁvﬁaﬁwmmm
system) T Rt 2@ 1 arrg F a1 21 g9 ol @ fF—

. YT NN TH WOTSh ¥ e § U e " i ST Bl Bl

. SESR SYON ¥ TaeE § Tgd TR § 98 AEterdd, Th weel e o & fo,

IUE ¥ HEEvs F TF 92 fafqua & gafid (processagreatdiversity)m#mm%l

(3) @WdiH (Automation)

SO, WEEH H §ed FEA 81 $YR G YoUerE % {60 T o FoH FA € Te wow
mm@mﬁqaﬂwﬁiﬁfaﬁf%mam(feedmk)ﬁeﬂam%‘l FMS ¥ fafis w&r
¥ uow oftrerd B 1 YS® w1 FEA 4 TR F F9E & a9 B 81 ToE el 0 &
qg-T1Y S 3 f8YM (directing the action) ¥ T&H 1 T T T Wl il 0 & far a9
Frio] ¥ qaTaS 2 | U1 F YR W 0 Wd ¥ H9R AfEei™ (communication protocol) B
%IWWWWﬁ?ﬂﬁ?ﬁﬁ@ﬁf(accuratestatus)ﬁmﬂwﬁﬁmm%SfTIFMS
¥ o el ¥ GuRd SEH F ST FH T HEH BT

(4) 9sH 3faisd (Component Redundancy)

S IET JoTet B SYFTUT STl Thidd (Highly integrated) €14 € $HIEIT U ¥ (component)
¥ wEuE Q o H2S o yuifyd e 2l feass o wEY ygs Tehl & WG O 4 W TEE &
T TR % fou sifus TEa ohTELE | #i-weh THEe $9 379 THIhI0 Y9G % HR 8 Hehdl § 3R
U ¥ A $ROT F JqEa | e SifuE 4 3HfUe T (downtime) B Tehal €1 39 foufa &,
TeF I (Component redundancy), 31T & HIF-HE AT FGH Il g T SIS Juleh
¥ raters ©Y ¥ Guqed QU ST B 31 99 T AN &1 fwa o @ o # SR TR T
s QHFe T gl e g 2l

(5) @gfag 9« (Multiple Paths)

ten famtor § STavas HEEd @ Q@ F & faU Sgfae 19 # Iwni Sl 71 98 T S STEA
3t srufem. fhaa=R (part sequence and requisite fixtures) <l yfafafaa 3 1 yRufts weie e
(machinetools)ﬁ@m%@mﬁmﬁm%ﬁ@?ﬁmqw@m%@ﬁmmﬁﬂ
¥ A frraeR = @A 21 efh Al IdeA e # UH FE TG S SW T er=ie e
¥ o3 79 F e e §i i ® e a1 21 S59 99 F UE, Se9 adian St fed g 2

AT SR T Y F SR SR, SR i oTie 359 TF W T T 3158l aHien e
T € A A W A hae T € I H R GO (parts) 1 FHET F0W, 9w T @ @@ 9
T SeUTE foreior e B v WET B 21 STUIGH QAT TR Scuqehal & HeH H, 3T SR W FRI
T (high production rate transfer machines) 3R srcafas w=iich weie % o= ogd 3 &1 FMS @i
TEEA ¥ T 3R F GEEE A S 8l :
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e
: o gfiwat (The Process)
<7 SAEA TSR FfsFAT (manufacturing innovation process) ! fa¥iamd w3t w5 FREF
| o @ 1 TFOTHTH W@Tmmm%wmmﬁnfwmﬁﬁ:
(process planning) R '{[Uﬁ_'({[ [EEEN (quality control) SfshaTatl W vk s 2 Ig 31 Aishaet ) w7
aﬁﬁ,ﬁﬁmsﬂwamﬁWWWEﬂ!ﬁmmwaﬁwmﬁaﬂrmﬁ
2 g & F T R T I fR s 2

519 FMS geH! T ST (Integrating the FMS Components)
@msﬁg@maﬂimﬁﬂ%ﬁ%@waﬂxﬁwﬁaw@ﬁwﬁmmﬁlwﬁ
e FHa o SR €1 S TR F T Y ot Srmam f el S

“u lexible system

) J 1

[ Work stations 1 Material handling ]-— [ Computer control J
Robots I-—-
4
| oNcwmic J Real time control
Transfer equipment I-— (control different
- activities)
AS/R equipment ].-

fa= 5.15—FMS 9@ &1 SIS (Integrating the FMS Components)

520 3IYIGA 3IUh{UT . (Production Equipment)
msé:mwam@maﬁmmm%—

1. Mafi® IGHTOT (Primary Equipment)
ﬁﬁﬁaﬁaqm@mamgamm%aﬁwmhmé[ﬁ Wwa@m
ﬁmm%,aﬁzm#mmmaﬁwwaﬁmm%l

2. fifta® sumTur (Secondary Equipment) 0 ¥ fou Fran 90 #1 T9F siaa
: SqTT o &g S g1 '
TH IR 31 wed F W F § TATE wawmg T
zﬁ? A (support stations) .ﬁ'ﬁ ﬁﬂ;iz e mjj;ngﬂ aﬁf?ﬂaﬂ-{@ﬁq: agit?ﬂ%ﬁﬂa
o, o g agizﬁn?%fﬁa idte) fem i Frs, 3tk % e e ST o 4
m%_mmﬁﬁmmqﬁgmm@mmmﬁmﬁﬁﬁ@m
%amﬁm-cmm%mmm'"a“m'mwmméi B |
%amamﬂmﬂwaﬁalﬁ?ﬁ“mmm 2
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Manually
operated

ATFAHT 5.1—3qTET HPil &1 F&HIUT (Classification of Production Machines)

AT (Classification) fa@a¥ur (Description)
Fgoret w9 | g WA T Fddal a1 ifeer g el o vdiaem
9 F T e faueE ?, f8 9vi, d9mem
Worker ¥ fou oftr weF #A € 3R Frdhdal, 7efiH #

fiismT SRM T B URURE TSR (SR
Jy, fafer #ei, fear 39 afs) s@Aoft & om

... Load _JN Machi +] Unload
J" Bk | % Frfwdl 1 wW =, F GHIATAR T F
Ia Work cycle ~ Ty Iufed m ?IT%QI
worker controlled i
-t W 7% & W % Wh A H HEAHH A
Eomars ? 3R A W% freEw ¥ fau ©F FEE
Worker control F agFA B 21 T9 &al § U WA &

il

W@@o@o?ﬁo W%,W@OGO@O
TN FTdshH % STTER STYAT THWHIOT hE L
T R fo FEEdl 9YH W 9§ HEES s
FT ? IR T FE W F AU I WH W
FRIGE I Ae F@ ¢ FAHal TS uh o
e e W aftafer T@dr €, T oER He
@ H1 e e el B

——-Jutly automated machine

Load 2 . A Unload
—— | Semi-automated machine [——
o - Worker e Work cycle iy
' controlled ' program controlled !

T e | Warfad #eid
Program
Yarksr control
Periodic attention
Load Unload

fo— - — =

Work cycle

program controlled

IE T ¥ Ifus HE =h & TUG UHE & fo
FH FA W T A B TS THI-TE W
A9 W Fed W 3fe ol ff ¥ 91 & fau
F HEFAST F AR Bl B

3. gyifar ¥¥ (Machining Stations)

ofdien fafafor Jomelt # Ha® G STIERT W U U weitin SEed 21 39 yonfenn ¥ fesmgd fhT
T FHRYE, J&I: CNC T 08 3R erash ST § fiers 99 a1 1 e el CNC 7eil &
SUHTO ¥ CNC weifn g, fee &9 @, dfis weifin drg ¥z affed 21 29 ONC Wi 2ed 3 @
asft fadreamd € St IR FMS % W19 I S §1 39 sl ¥ w@eifen Susior see R Wer,
Yoergss s FHdEve F 39an anfe afufed B £



. ﬁw #1 EMS fr et Fer &
Ao oe WREds # sgam i
..,wrﬁf%@ﬂﬁa‘mmaamaﬂt
1 3w A ST ¥ T CNC TR ¥z

i CNC w97 @ S fafi Yo % swarcoiy 3 <
R SRS A T R s e e e T 0 et e
REFHAR (CNC Horizontal Machining Center) -

IYHIOT- giad (Automatic Tool-changing)

:::qﬁ;msmnﬁﬁﬁﬁfwmﬁﬁrmﬁmﬂm%qﬁﬁnmmm% sHfeT U Ayt
m%{mmﬁvﬁaﬁam%WWWﬁmﬁaﬁmﬁm%rﬂgw

z V

g_‘;;iaswl%raq?r%mgm Ncmm%mﬁmm%ﬁmmwélawﬁm
- T 16@80mwm%€ﬁﬁﬁl

B B Ly




164 et TR fesed T AR e

6. Ui g (Pallet Shuttles) : -
msﬁwwﬁﬁﬂ%aa‘rm#wﬂﬁzﬁagﬁaﬁ%,@wmmﬁﬁﬂaﬁqhﬁmﬁ%mq@ﬁq
ﬁ%mmmﬁmﬁmﬁmmm%amaﬁmﬁ,mm
mﬁwm%aﬂtmaﬁ%%@aﬁaﬂ@méﬁﬁm?ﬁgmm%mmﬂﬁ@
a#mam%wﬁﬁnffamganﬁm%mgmﬁﬁmaﬁﬂﬁ(nonproducﬁve)mahamm—g,

7. @aifea & WrT feafd (Automatic Work Part Positioning)
@w@ﬁmmﬁmﬁmmﬁmm%m,msﬁm@m
m@ﬂmﬁmgﬁmélﬁmﬁﬂw&ﬁaﬁﬁ@w%maﬁéﬁﬁﬁaﬁ
2 ﬁﬁ?ﬁﬁﬂ%ﬁﬁ (machining centers) H 99 9 Afus 3187 Bia ol Sfafh el HW T B A 29q
%Wﬁmmmglﬂ?ﬁmgﬁaﬁgﬁmaﬁﬁﬁ‘?Eﬁ'ﬂT(speciﬁedangle)q'{a-Tlﬁ'@'ﬂg
ﬁmﬁmﬁmwmﬁlﬁﬁmmmﬁ@mﬁzmﬁm%wm |

o R T g S S 2

Robot
Machine worktable Machine tool

=1 1S Ql=

Parts carousel

fr 5.18—@=erd faf-mior ¥ (Automated Manufacturing Cell)

8. #iie/amelis Ly (Load/Unload Stations)

AR SYA TF FMS 3R a9 $R@H % 9 sifash ik (interface) %l'q'ﬁ'agﬁf‘ﬁ%
i T FEETe T faed § AT wE § et wna sriave faen § e feey 81 afen 3
ST A B Y (T T faf) o e st fawm g g feen 1w ¢
FREUS ¥ gieueE AR GURE SmErTA F fAT oe/sTee WY #1 $M-T&dl (ergonomically)
%Y § feaea e s 21

FET AR 9 @9 ¥ T IS o WHA A WK B I9W F A B9 iR 3 Tefem sgaon @ A
et F 9 T o ST &1 FeE W T e TR S TE S iy SR EMF
W1 R 3 919 F GRESH (air houses and other washing facilities) 1 STERT F‘éﬁﬁﬂ?,iﬁ g HA
3R E=Bd HA & fore fF o 21 RVE F 9URE: B TR Y 918 SR SSE s S ) o




¥ % fore shehfrs Qe Stariaren i @ el g 7w (T i) ferdrem
T TSI it Hog T ARSI (obvious anthropomorphic) TR Fg&t Al |
1 af ST e 31 e 3 o e ren #1571 7. <bet frdrems —e)
fsen inputs) I TS T, 371 T F Y Hag (communicate) F 3R fAoig oF THad 81
3 Y TSI H SN 401 N 7w 3 3wded wd e A e | w
\ "mﬁmﬁmmﬁﬁ@/mmmwm.mﬁm?l
il F1 TEAIT STTAN IARH ey (manufacturing industry), @1 (mlltmﬁ,ﬂﬁﬁ{m (space
X oraﬁon),‘lﬁaﬁﬁﬁﬁﬂlffwm%'l S
10. W@ & THT (Types of Robots)

ﬁmaﬂﬁrﬁﬁﬂaﬁzmammmﬁwmﬁ%l%mﬁmﬁﬁm%ﬁ?m
i,’-:ié‘,wm#fﬁwmﬁ(handle)%ﬁﬁmwmmélﬁmﬁﬁwmmﬁ@ﬁmm
T E1 A A T € SR A o A S e T w2 swh aed 1 @ S a9 5 w1
"j%f‘mm‘%mﬁmﬁﬁmmaﬁ@ﬁmﬁaﬁaﬁmaﬁmﬁmﬁ@a%—

A, HEIYTEA m/ﬁzﬁ T&IE (Cartesian robot /Gantry robot)—37 &l & HHGIE H I

iR fAf¥sa e W W@ (pick and pliee Work), Hae fFar (assembly operations) 3 TefH
T Wl Teferm T 2R ek AfeEmE fon swEm fra s 31 9w U e § faed ay
# dF frsfta S (three prismatic’joints) 30 ¥, f! 3181 U% FEREA F9=99% (Cartesian
coordinator) & T1Y &Il &l
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—

B. AFATET VaiE (Cylindrical Robot)—37 e &1 Swdm warem fiFan, wife e ok =i
FIET 79 W &M FA F g e T {1 W A€ F AW TH ATHR THEE Worceh
(cylindrical coordinate system) STl =

o
P

C

f&a 5.20—aFHR e (Cylindrical Robot)

'\

C. Tiena/ gdig qate (Spherical/Polar robot)—TIeTehR U FH ST Tr'\'ﬂ"I ow, e afeE,
e, Sefer Teie, 9 Afeen ik ek afeEn ¥ FrEdwes H H9eH (handling) & fore fen
1 21 9% T U@ Qe ¢ gt 31e T Yaid ¥R SUmelt (polar coordinate system) RIS

fa 5.21—Men@&R OE2 fa=ar A (Spherical Robot Configuration)

D. SCARA TIZ (SCARA robot)—SCARA Jsie &1 I FREUS 1 IoM iR fifeea e
W @ (pick and place work), a1 fshaT (assembly operations) 3R Tef Tom & Eefe A
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RS skt
a;mmm%nwmﬁmﬂﬁz%ﬁvﬁ@ﬁmﬁmm(compﬁame)mmﬁ%

fo @ FAAIRR A g @ B 2

T 5.22—SCARA stz fa=md (SCARA Robot Configuration)

E. =% Qae (Articulated Robot)—3sIeisd ez 1,393 w4rs faFdi (assembly operations),
ZE-FIET, Hefem 9 (fettling machine), g afeem, e afeeT st o ufén & foag &

mélﬁwﬁ@z%mﬁaqﬁm@mmﬁzﬁiﬁg%%

'

Upper arm
(inner link)

Fore arm
(outer link)

Wrist
(gripper not shown)

o 5.25—A™ are fa=am¥ (Articulated Robot Configuration)
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11. T8 JHERT (Robot Applications)

{8 Fi fafqw wfa ok 1 ¥ wreier % FR1, weien fFaf el ¥ 96 St F fifi wy
T — ‘ ' |

(i) foe U gia a9 (Pick and Drop Operation)—FMS & it Jalie 1 Fad ERT v
frw tT T SRIA €, i f6ig q fag =01 ITFU (point to point control devices) ITFM Fey
e &1 =7 STl & ST seer, fa W8 wrEve i Afgnr-aren fn wt wr afesh
Hﬁﬂmmﬁlﬁﬂﬁﬂmm@ﬁﬁaﬁgﬁﬁ?m(robmm)m%

(ii) BT AR (Contouring Operation)—®ZfT 257 AR ¥, ﬂ'«i\?%mmmm
err &5 31 T dfee, i weif, fe-aftr, T/ eTEEeT S Fham wE 6 W) ¥ ey

3w . e frmr, o otk e fa ge §1 o A <K i i, feaft o frdem e

) dififq Tetshar 3R TREM (limited accuracy and repeatability) &SRO I% A Hifa 1 35
Sffcss, < it Fret ST § SeeE H vl gt €, S o feaftn #, ee wiwd i am
SN 9-3181 A FF (three-axis machining center) %l TE wEAt B 81 W At SeE %
fow %% T@ = SravaEal Bl 71 A Ha A ged A e 4 3 R o @ ?)

(iii) TR/ FeaTvR—FMS & Tdie 1 = &9 § I HaeE S s g g1 o
FriEd ok qfza e 9 (PCB) ¥ waH ¥ g dsie wurdt #rd #d €

12. frtgruor IT=HTUT (Inspection Equipments)

ff TF FMS TF 5% TOICh (WeaE were fawen) 2, gefere wefifa by s e weme s
R A F T@E F U F A FEH FEA A 21 9 PR e STt S W R
fafie wret g St 21 |
A. 99T HIYA &1 AR (Coordinate Measuring Machine)—ds¥ HIHRUT YR o a0 3w
e T (Gfeen) 21 39 WA B Feeve T W S S50 iR feg) e, s
%1 | (flathess of suriace) 3R Tl (perpendicularity) Te9 HT & forg s fean
21 fory savasarell ¥ |nT=a: fRER AI9E STIEYAT (constant temperature congruity) B d
30+ Affih, §a8 F 9@ THR ¥ A F e dint 1fy F s, i s gmee J9en
T -wge § 1w g 2 |
B. i %I a1t &% (Probing Machining Centers)—Si= Wiq %31 &1 S9dm CMM B ¥
eraften FRIET Sl & feur of foran < 21 % weiy e i A Syl @ Frdeon F ¢

521 FMS WHYUT WOMeR (FMS Support System)

R yoTeh (Support System) 4 Uﬁﬁ?ﬁl frofa wfaeror womeh (Integrated Decision Suport System
(IDSS)) i e s # 31K S/ D. Borenstein 3 firerfad fray o)

e T % e & et s fawee ¥ forw o e “gfgEm (ntelligen)

fofa o S ,
i fown ¥ wftarem sreeam (operational research)

e 9 Yot R1 IDSS ww
fererem (systems analysis) 3R . 3nffrere $fersig (artifishal intelligence (Al)) & F3 ﬁfﬂ‘ﬁl ¥
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S

ﬂ;ﬁrlwm%@mm%mﬁmﬁnﬁﬁm%m@ww
FMS % TOII ST (descriptive model) ¥ fimior ¥ frem = °
_ . foen @ ‘Sfgam’ s s 31w
aﬁmmiﬁmﬁﬂhéﬁaﬁwmﬁmmmwﬂmﬁmmw%
Z;’IE ﬂwwmﬁm?wmﬁmmwmﬁmwm
faehTd FATT % Fodrg = ¥ St ' qeh-A1eh
¥ gne FEAE & 0w s iy pallald S 4c

mwgw%m—mfamﬁmﬁ‘m'ﬁmmﬁqmaamwm

. w3 Johfeah feet & wermm o & firw, sik wop afomsT o s
2,@Wﬁmmﬁmﬁmmww%mmmaﬁmﬁm
(criteria) <l STERT AN '

3. qa; :'::m g gﬁ;ﬂ @%ﬁ;l (multi criteria evaluation) #-®ed %1 & faQ 3reggq feg MU

4. 39e/™9 321, Hifeaa iR INFH Qe F MER TORATER AR A A F o)

1. Aivedat faeew faavur (Software System Description)

IDSS # T M gt sew afinfad §—
(a) SYANTHAI-faH TR (System Interface)
(b) €21 WEfG=H (Data Subsystém)
(c) Aied HAfg&H (Model Subsystem)
Hed gafaey o Al 9 92, afq—
(i) fage™ disa (simulation model)
(ii) fofg favergor ATSd (decision analysis model)
(iii) STITYT 3R ATed (flexibility estimation model)
(iv) TUrEel STHEM Afed (quality estimation model)
(v) fafmfor e /e Afed (manufacturing cost estimation model)
(vi) FH=emyR wfafafire |fed (knowledge-base representation model)

—

Preparatory workstations

—

Y

TR

Machine tool subsystem

—

Y

\

Y
N : Control measuring
Auxiliary workstations workstations

fim s, : ¥ weftA Z wafaeeq (Machine Tool Subsystem in the FMS Structure)
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522 ueld ¥EfeRT WUTERt (Material Handling System)

EMS &1 301 &1 Wes Taid $efei i sieron wonel #1 FMS verd gsferm # i 9REe, Fe
e 3R sifim Sere TR SR SR Soneh ¥ FEETs w1 SeR, Wet S, HerH T, s,
frera=R. 3R Iuwtor wimfeaa €

1. g gsferm yoredt & @l (Functions of the Material Handling System)

(A) a’f@wﬁ%ﬁam%ﬁﬁmaﬁwﬁﬂ,ﬁﬁamﬁm—mw%%ﬁmﬁ
mm@maﬁamﬂ@mmm%mﬁm.mﬁumm
2| 75 fifim Srfave ¥ T ¥ o fahe F9 fihed Yo HT 8

(B) @M WRT fa=TE (part configurations) ®1 T faew F guTeTAT—Ted gefer wued R
i e am e, (SA—frsdtg a1 st wrREve) H Gerer # deH g =ife)

(©) mm—mﬁmmmﬁmaﬁm(storing)WﬁH&W@"ﬂ
W,mﬁmmmﬁﬁ@ﬁwaﬁlmmmﬁ%vqﬁﬂﬁmﬁ

TeE Al 2

(D) FrFEvE & ST iR It & forg ghawEs tga—ued gefdm yorel F FMS
TER ¥ FEETE F AT 3R SIS - qEA TeF S =@fewl 78 FMS faen 3
1 aifer e StR/aT SFSITET ©YFLE Ual e W R S S €

() ®wge fraau & g gaeg—oeid §efed wonet 1 F9gex g1 Feifad 3 9 e =fey
R 0 fafvs sriwE, de/srae R=yH 3R Yeru & § oar ¥ e feen s 9

2. gard @SfeiT Su=HtoT & WK (Types of Material Handling Equipment)
T FMS & werd g wfpen <1 wonfedi # faufsa farar s 8—
(i) wiafies geferm wumel. (Primary Handling System)
(ii) factas Eefem JomeR (Secondary Handling System)
- (i) wrafie dsfert Junedt (Primary Handling System)—3% FMS & 9o 3%/ (layout) &1

T FX § SR faen § TR F 69 e % e w1 wehia s % e swer
2l 21

(ii) ‘fiftares dsfer feed (Secondary Handling System)—sraeesi @ feorq Seiawoy S9a,

eI Joie URade i §AH o5 FMS & fadtas Sefim fawn & wfufag 31 fadas defm
fo=y & s §— i

(2) ot FUTell | HY 2 A 3 AT RIA 9% FH F R w1 et w5

(b) W%mmﬁmmmﬁmﬁ%mammaﬁwm
Gkl

(c) ﬁm@,ﬁmmﬁwmm%WﬁWWW|

(d) H&amwﬁ,aam%gﬁfaﬁgﬁﬁﬁamamwwﬁwm%mmw
(process) f&an =T €1
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523 AT ﬁ'ﬂ'il'll'[ Ut (Computer Control System)

Foget P SR, FMS &1 s g s ) arsivelt wearee sonferd & Fegedl %) @t i
Wmmﬁﬁqﬁ“m 3R I JoMeht ¥ T W 3R JEE (overall coordination
and management) ¥ S T R} siava 2 1 v fafime FMS FR frw SoTeh & T $E
maﬂ‘m%waﬁﬁmmﬁxmwﬁmmanww.
THOTHOTHO W‘@ﬁwﬁ‘aﬁqmﬁ%mmﬁnﬁﬁfﬂﬁrwwmél

1. FMS 9 31 PR FMS @ (FMS Planning and Control FMS Planning)

EFF°‘I"°W; e =m, TG WW (scheduling level) T T Fed. TR feafe freffid wwam 21
m‘&?m?_ a’rwﬁammmﬁmm%vﬁ@wwmhwule)a'—nﬁ%',%r |
(A) ﬁ“ﬁﬁ?ﬁ‘@ﬁlﬁmmﬁmwwﬁﬁﬁmﬁ%@m?ﬁvw%lﬂﬁw
W (scheduling level) R ff$ra T & wftom 2 /
B) e A g0 TR, et WM e T GEry T s s w9 9w
L TR W UHE & WY ST URadT @) 3R R 81 59 76, Y U0 SifeT SR sHefen
Tfafafeai & fau Tavas B &) 3% aW, ST AR F F a6 SR F ST TR
Y ¥ a1 A4 & Fwar 2, fr eh-eik woie fafsra o =1 wfomm wefifa € @1

7g Wiwa frefafaa SE9 1 M. ?q 1 Ikt 8—
(a) T A H Frifaa = % R omavas STRl Ft F HEA H FH FH g
(b) 9 WHRAT HT SYA WM I2Ed F @l fRa S 2
() Frem o ¥ & § 3 T AR F T T H FH FA F faw)
d) TR e ff F9geX Yoreh wimfad @ S wE R, @ Fefem yomed i e wreae
wea § FEEE I ¢ ©
Tq R ) T TR w1 9 0 A F g e sone sweerh @t @) fri somed
e 99 47 379 9 (closed loop or open loop) B el 21
® @ﬁwﬁﬁﬂmﬁﬁmﬂaﬂwiﬁ(outputvaﬁable)ﬁgamgqumaa(input
paramewr)%mvﬂﬁﬁﬁ%aﬁ?ﬁaﬁﬁam‘ﬁwmmﬂwaﬁwﬂ?mﬂ
mw‘%mm'méuwwr@aﬁmmm%mmﬁmm%u
@w@mmﬁmgﬁmmaﬁﬁﬁmwmﬁmw%_
(i)%ﬁm,w%ma\.mwaﬁwm%aﬂtwmﬁwm
_ m%ﬁqﬁa‘ﬁ?ﬁamﬂﬁﬁlgﬁm(actuators)mme%
(ii)Siil?fﬁl;'(ac:tuators),31'&»%'*4'{'35'43‘_{“7%:‘?'“ﬁﬁF‘Ffe'zi-’ru"ﬁmaﬁ (ﬁ'@ﬁgﬂ‘:ﬁzt,ﬁqa
'37?1‘(-@'(elect;ric:fan)7‘-T;Tﬁ*zi_’"’1T"‘_{_?'_%|

(e)
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2. FMS aQret 3R frewor womeht &1 frior e
(FMS Planning and Control Advantage of Control System)
(A) fE= Soeh g F S et R T @)
(B) et f5a (actuating function) =gd fageia 21
(C) =i #1 flly 3 et FE o S S, Gheaar S NfaE T & G 9w @

3. FMS @eA 3R FMS @weR o wonert & fron @

(FMS Planning and Control Functions of a FMS Computer Control System)

(A) THRYA/MARGTT BYF FriEr—aope = yore S 8 AfhTd S8 (individual
processing) I FASH LAl & Heler F1 Frifa o 21 Fdumer ¥ AT ws (machining
cenﬁes)ﬁﬁﬁﬁﬁﬁ%m,%ﬁmwmmgl

(B) wriee Uz frgaur FidwR &1 faaru—usfiAl % é-Swm (partprograms) % SISACNS FXH &
fore W AT FMS W T% s s RS (direct numeérical control (DNC)) <1 Suam
fen 1 81 DNC %X A yomedt st &efsHl (programs) F1 Tufed Hd o FRIFH F
7Y 3 YU (entering and editing) FA | G&H BNt € 3R 371 DNC =01 & Tt 2

(C) Swred =01 % fau weeR A0 yoneh, et # 35 22 & R R, faed W fafm
m%ﬁmaﬁ'{wa'{(partmixandrateofinput)Wﬁﬂfﬂﬁe{ﬁqﬁ'&m%l '

(D) SIS =0T & TH WM F Y H, FEet- A0 JUNel STeT- 3TN %3 gehedl X STAT- 3T
Fd w0 ¥ fau el &1 fFEwad 2l

(E) 39% TY-U1Y FB 3G WHIaST (production scheduling) /& segex =01 Jomedt g/ FHw
e W fFT 9 2

(F) Foge s woret gerd-fresror yomelt =1 fFefim o @ ol sl % me st wfafafed
& U S| THF o1 Tk E—

(i) 2fthsh. H2 (Traffic Control)—I8 F1E90 Havm wewd 1erd defeim fowy ¥ weiud
e 3 S THRYE & o9 FE & ot e 9 i w15 2

(i) ¥e@ F7E07 (Shuttle Control)—¥ed 501 WM Y% &1 #5 (workstation) ¥ f&dia®
verd BT yonel & Eeer S FEs it gefifa e 2

(G) ®rEe Rt (Workpiece monitoring)—% %X it fawH, srids ARt =1 w@ @
FAl 2 ﬁﬁ—mﬂﬁmaﬁimwﬁmé@mﬂﬁmﬁﬁﬁzﬁﬁaﬁrsﬁam fafim R &
FREs § 4 qAF i feafa Ja s

(H) SsTut FrEior (Tool Control)—FMS #2X fieed ®1et % ST (cutting tools) 1 Fedfd
T AR it firdsor st @1 Sus fres § freefafaa frar gefeg 8—

(i) T &Y (Tool Location)— FMS ®21dd fad soish qhe2yd T &f T T T
@ ? SR ST 2o i TEvEs ur YeH R § 9aH o 3
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//_—_ =
(ii) FE-TEER W (Tool-life Monitoring)—¥ar% HiET I8 ¥ 6 WR® ST 3N
i ST T ¥ RerE ¥ omuR W, FMS #9 fred siied H 79 aeer H
HHa (replacement time) ht g ) A wam Bt 3 “
() ToTEdr @t (Quality Control)—Fwet fraw Yunel &1 7€ F1d ThoTHoTHO fawed g1
et SAqUt FT T v T i G FEE w e *
) faceman F&F (Failure Diagnosis)—#wet femm somell ST I Tt F1 feE S 2
o AT T R At ol T e e ) e e # st S e
(K) grem Rt (Safety Monitoring) =™t =01 womet© @ T e HE G|
S iR faen R ofwfa S e e st @ o S

(L) wevta @t Fert 3R Rdfdn (Performance Monitoring and Réporting)—FMS HEX
e, forew SEE R S BT onew fafv fodre s s o el el @1 7 R,

s o Tae H FAE Y ol st geTe Iyl o e el @ wE
T €

524 FMS & @9 3R 'Fﬁ'qTQ (Advantages & limitations of FMS)

524.1 W (Advantages)
(A)mﬂsﬁﬁamez—q'aaﬁwa;mamwa@m%l
(B) ST SR T T A g R R Srard & R R g
©) T B @R o A G ST g 3 e e
(D) mﬂﬁwﬁﬁ%mmwammmél
(E) FrsA (planing) it SEnfiT 9RESal (programming accuracy) F FHROT HH TG-Sl &l
(F)mmﬁw%mmmaﬂtmmwmﬂm%
(G) v < G e 1 S S S G o HICT T S I ST (production

cost per unit)ﬂifm i
(H)mqmam,maﬁﬁ,gmﬁmﬁ,maﬂtmﬁﬁmmﬁéq

5242 WM (Limitations)
(A)mmmﬁmﬁm%wﬁaﬁxﬁﬁﬂw%l
(B) Eﬁwﬁﬁzﬂﬁamaﬁ%aﬁim%ﬁﬂm?ﬁﬁﬁﬂmmFMsﬁﬁwqﬁ%
(C) Wt -t Tty €l
(D) W& foman B |
(E) @maﬁq@fmmﬁémmmﬁmﬁﬁﬂmwﬁaﬁaﬁm%

(F) ftsg fafsmfor somedt 21
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v

1;

i)

vs
6

7.

FMS ¥ 39 51 Foe 27 freqrgde 3o

. FMS % ™ E[ﬂ]g'm
v3,
i

FMSﬁmﬁémmmaﬁm%?ﬁmaﬁmwwﬁm
T e, ST TRY A 3R Geu & AR | 3 T H

. TR # fagia = 22 e ST J6qEy
. Thig 9 Fifska wRadw w0 22 IS wfed s

FMS =t favrarg samd

8. THFTH T T T 7
9. IR IYHIUN H TfHL01 S|

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
- 20.
. CAM W& H g 81 911 =/01 H THed|

TR LRI SR TR S = R?

e TR TR H STEvEHA W YER ST

FMS # 6 iR 3t STl fbet Heayel 22 Aeire ffad 7R & 21 €2
a1 F STE F=a 57

TaTe BT WUTE 1 qUi | AEvge o | i

FMS o1 3R 501 woredt &1 e o)

FMS ! o9 3R dHd =21 872

CNC (F9 <qafterel 7). #eiiA = 2

CIM f&en & W@ a1 qui |
W%@mmwnﬁmwcmlcmsﬁmmﬁﬁammﬁ
IRufes fafmiv aaER | IR =5 ® IR Siear & Sfard swen X

-_—

Y

ooa



(MANUFACTURING APPLICATIONS—
AT RAPID PROTOTYPING)

e
ﬁ_

61 3D TIfET (3D Printing):

3p fifém - I ﬁﬁﬂ—?ﬁﬁ'ﬂ (Additive manufacturing) T& fefSean®wea 9 @ A 39
(three dimensional solid) T& S &t Uk Uik 81 et (Additive) ¥fFatedi &1 37am &t 3D fiee
mmwmmﬁlmmﬁmﬁ%ﬁﬁmﬁméﬁWWﬁﬁwﬁm
WA 81 WAl H W TOE B U Yqelt w € afae wie-fewm e ¥ <@ o gk 71 3D fifen

Horeeh fafmion & faoda 21 3D fifén s fafor fafmdi =1 qomn # 0 verd &1 Swam w0 oo
A F AR HA F e 2

62 3D WiSfe WiwEadT (3D Modeling Software):

T UFR F -7l 3D Wrefel Gieaad Zd U= &1 W4 U& 3D Hied SUasd B ©, o
3mTen =R 3D fiex ¥ foiu wied R SENE| 39 BRI TR (slicing) F@1 ST 2

WET: 3D Higer ¥ 3D fiiet a& (Slicing: From 3D Model to 3D Printer):
mﬁﬂm%ma@mﬂmaﬁmmméﬁﬁmﬁﬁmﬁmmm%l@
3D fifex ¥ ww farce—z mareaR, @i € 3 3 stl, .obj A CAD FIZA 1 BIE L Hhd 2l 5& BRd
F W & W €, @ 92 3D fier & T I GF1 1 T8 USB, SD &1 32 & AieAq A e
méuwﬁmaﬁgmmmwmmtﬁammﬁmmwm
3D fiifér & sereTur (Examples of 3D Printing): 3D fifen W %2 yHR H Wt aiik qa'[sz
ﬁmmmgmmwwmmmwﬂmﬁﬁmmm%lﬁm@m%
W%mw—gﬁﬁﬁa@ﬁﬁ:w%mﬁ@m@%l
TS IR :
* T IAE (dental products)
o IR (eyewear)
* T T wied (architectural scale models and maquettes)
* M 3 (prosthetics)
/ » fen W' (movie props)
o fesEa (Siuss, W= @) (design (lamps, furniture etc.)
o Siarey fage o Siaee & g——ﬁufm (reconstructing fossils in paleontology)
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o A H WEIA FATFHGAl gfaerfa (replicatin
& ﬁmﬁmﬁmaﬂiwaiaﬁﬁﬂgﬁqh(mconswain

forensic pathology) '
o TF AWY A A [HE T’ sfereq @ied &1 QA (reconstructing heavily damaged

evidence retrieved from a crime scene)

63 i ufasfa wd A fyfrafor (Rapid Prototyping & Rapid Manufacturing)

ﬁWMﬁw%m%wﬁmﬁmm%mmmmﬁwﬁaw
mmmﬁm%lﬁmaﬁmmﬁaWWWﬁﬁmwm%

631 @ WeeEy & fag 3p e & IUENT (Use of 3D Printers for Rapid Prototyping)

%ﬁﬁﬁwmmﬁlﬁamﬁm,mﬁﬁﬂmwﬁmaﬁaﬁW%ﬁm
ﬁmménmmﬁnﬁm(ﬁqﬁﬁﬁ)m@wmﬁ,WWmﬁm@%
éamﬁufwé;fmmﬁz{wmm‘&%lﬁ@—

1. u‘mm(Aummotive):mﬁuﬁe‘rﬁwﬁsmﬁﬁnmmm@% st
m@—{aq@ﬁ%ma—ma@mmﬁ,zﬂ,mﬁ?fﬁﬁ?ﬁﬁzmt@% 3D
ﬁﬁnﬁaﬁ—fﬁqﬁﬁﬁwﬁaﬁu&nmémmr@%mwmﬁw%aﬂtm
3T SeaTed =% Ve @ TRl
_ famIA (Aviation): S¥IF ST L. HT- 3@ Tl | 3D fiifén &1 I T 2l

famfur (Construction): 3Dﬁﬁﬂ%§mﬂmﬁ,m,tﬁﬁ3ﬁmﬁﬁ’{ﬁﬂﬁﬁﬁz
o dug 81 3D fifena fmfor @1 wfas wed E1 SHR—

& 1w (Contour Crafting): Behrokh Khoshnevis, FHIZ & Y U & YR
(mm%mﬁﬁmm%),ﬁ@ﬁﬁﬁmaﬁﬁﬁﬁmﬁmﬁﬁﬂfﬂﬁ
o 1 o Sar £ wey IR AfEd w9 ¥ w0 S a9 wWeEmel & Fmiv B wfer
0 ¥ 0 U e feaa 1 ITEM FHTA ) TE IUHV Fhie Pl A Feprerht qEl A
WA-g-9d_PIadl 2
FUNIRET T@TE (Consumer Products): /@ Teel ar 3D fifén & g, 7@ 3D fifén w18 dwhon
¥ foru sared fafa ¥ w9 § 3qAm F0 % O 4R TE 4l erea 3D fies W % We
9 T sr- T % ¢ SeR e 39§

g ancient artefacts in archaeology)
g bones and body parts in

(a) 7:131 (Footwear) (b) 99" (Eyewear)

(c) cﬂT‘TirU'l (Jewelry) (d) @rEH <@ (Healthcare)
(e) 2a ﬁmm (Dental) (f) ¥ TEOT (Bio-printing)

(g) TAUH (Aerospace) (h) @™ (Food)

(i) foen (Education)
fowsd AR 913 o4 999 § w1 ° 3D fifet # IEm @ ife i '
4 3 @ %1 3D fiifen B A1 T faErl A
a9 iR T FF F s W § B T 21 G U Mo 9 Friwn el B stad
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<0 @ e 6 AR % wfsfen Aephanfon et 91 o 3 |
§,WWW’?‘%W@3D@RWW%I TR A Wi F § W o Q)
mﬁg%mmﬁi%m?ﬁwﬁwﬁmmﬁmﬁam
e . *3 WM wrgEmn ¥ favafaaem 39 =S W aegsn
e @ ¥ S0 3D TfE ¥ weifm ¥ SR cAD otk 3D fesmen, < fifyeq = & 3D T W
mﬁmmmﬁl
JReEd & W ¥, W favafraem wriwn fiw 9t ol vm R © §1 ufefea Aepheton |
QAT €, N SHTR AN Sefga e el & St wifer = W 21 a4fd idtery e,
wiieA R FT I W i g am ¥
ﬁmm%wi@mmwm%mmﬁ%ﬂwmm@%
aﬁmmem%mﬁaﬁﬁﬁmm@%ﬁmaﬂtmﬁﬁmﬁ
& s A ST HO A T 1@ § e ¥ forg Aede A wei we  am-fie ol
fesTe AR W R T TR, T we, fesmfin siomana ot g we # fifén = wfra FW €

. 64 3D TufEm 2eiersht 3R uferamel & war

(Types of 3D Printing Technologies and Processes)

3D fiiz % 2 0% &1 A T WeffHai additive ¥, T&T &9 J SToF1-3T0F Tih ¥ WAl i Th Alssiae
TR ¥ o ST T 2 9 e ¥ WA S e W 0§ e ved w1 v e s 2
o e ¥ UV OISR (F1 TF o1 T YR €) WA & 919 T Bel- gt Tel Sl S9Er
T B

s o O F AT 201058 ¥, et Srel v 2fEn de RRaeH (ASTM) 99§
‘AsmF42-mﬁq%ﬁﬁ’ﬁmﬁmﬁwﬁmmﬁm,ﬁmaﬁqﬁaaﬁnéﬁaﬁﬁ

%m%m%mmWMﬁﬁ7 Sford H Tiiehd Sl 21 A 9m
3D Pi'nting
* i * VL i inder Powder bed
Material Powder bed Material Binc :
ems;" pol m\;?itzation fusion jetting jetting fusion
l y (polymers) l l (metals)
* Matgrial jetting Binder DMLS
FDM SLA SLS DOD jetting SLM
DLP EBM

l. ¥ PRbEETESeH (Vat Photopolymerisation)
(a) SifcEifadmmE! (Stereolithography (SLA))
(b) fefies erze SAfaT (Digital Light Processing (DLP))

(c) Had T $STHY S (Continuous Liquid Interface Production (CLIP))
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2. ugrd AT (Material Jetting)
3. WSS ST (Binder Jetting)
4. 214 SEX e (Material Extrusion)
(a) Fvs fedfsmm wiefem (Fused Deposition Modeling (FDM))
(b) I3 Rz Fefor (Fused Filament Fabrication (FFF)
5. WSS 9€ WIS (Powder Bed Fusion)
(a) HeSt S WS (Multi Jet Fusion (MJF))
(b) TFATHF ok fHefan (Selective Laser Sintering (SLS))
(c) SRS A2 AR fGef (Direct Metal Laser Sintering (DMLS))
6. TG WISl (Sheet Lamination)
7. faefyrg St /@M (Directed Energy Deposition)

% 3D fifen ¥ forw geft o whwael # Sy fae fea T ©

A mqﬂﬁ?ﬁ (Vat Photopolymerisation):
AT BRIGAATESYH TSfd W S T 3D iz § TR T (resin) § 9 Th HSR I
3 fg UV Yo B9 % 19 F8R o S g

‘ Leveling
blade

/— Y-Platform
_’__|

Vat

fa=x 6.1

B. @ifEifadiumst (Stereolithography (SLA))

=9 Ufp ¥ gag Ifue TEHIe i S dTel debieh Stereolithography (SLA) g T8 qhAIR Th
T ¥ affesrae 1 ITEl 1 £ FX F T a0l W 5kl A THITHSR T 31X T GEei o,
W F TF T2 F 96 | IS WA F T, oIeR a9 97 T P e W AN G2 & Teh Hid-Ger
F1 VAl SAIA #1 WIAT AR B F] IR BT € AR T W 0 T M o 1 g b €
AR W A W wa § Seq 21 Ged # w @ F a2, SLA F TR wewd Tk 0,05 A @
015 (0.002 & 0.006 tra) Wa =1 A2 F &k g A e Sadal ¢l ffY, TF @ F W =i 9
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%ﬁmw%mm%,?@fwwei%mqﬁmﬁﬁﬁﬂmélw%wm%mﬁm
sk 1 0 T ST SN et e ¥ v e #1 ot e o g 3w fafer g e S @)
Wﬁwmﬁ%mﬁnaﬁmﬁ%ﬁ T ) TR TR § W
i T THST F T H ) ¥ i 72 o T A R A F e ) e www N

gmﬁﬁmm‘ﬁWﬁWﬁmﬁwmmm1986ffa1ﬂfsa%mm,ﬁr-eﬁ
ﬂma‘@mmmaﬁmﬁﬁzm |

. feforee Tge MARAT (Digital Light Processing (DLP))

pLp o fefea amee Wafd, qew = ws fafy & S wewrw ol v HveHen PR H STEM
i 31 98 SRR F 7= 2, S ¥ e siw yHm-aa 31 DLP &, A0 (arc lamps) S
i YET-B 1 SUAT A 81 DLP % sifersriy w9 #, aifod S L 0s T W T &
@%mumﬁw%ﬁwmmmﬁ%mﬁﬁﬁzwmﬁm%@mfm
o FOF A B HAE TG F@ 2, 7@ 3D i F srferwiyew H qe § I R

D, ¥@d @ $e{HE IWEA (Continuous Liquid Interface Production (CLIP))

Vat Photopolymerisation &1 ST 3 T T J9 Jihaiell § § & 1 CLIP el Sl g1 S
7 g fosfad Fage fafas $ethe MiewM. &1 Bl &1 2|
feforeet gz TUART (Digital Light Synthesisy—CLIP ¥ 1 wea, fefea wee fadfew
i 3 79 TS 8, FEF 399 Ye¥d ¥ Y& LED YT T UV Sl 1 T %E 3D gfsa A
¥ T #T9 TRE T SR wa §, FEE OV e 1w i w9 3 frfa s 9 dE @ e
%lm,mwmﬁwﬁiﬁmaﬁiaﬂm%mﬁaﬁmgmm%
aﬁaaﬁﬁaﬂmm@mmmm%i%‘%mmﬂﬁ?ﬁﬂmm%lwmﬁ
m,mm%mmmw@mwam@m%,mg&am%ﬁ
| @ ¥ i v SR 20 Ta 89 % 9 SR g T T T SIAA A S @ A F
T F T T AT B FWOT A 2
S e 3 e e T O AT (e ST o W Sif ST O A e
3 31 T 4R S 3 S SRR e §, A T gl N A YR A O el T
mﬁmﬁgpﬁzmmmaﬁaﬁmﬂﬁmmwaﬁmm%nmﬁﬁmmwﬁﬁ
E%ﬁwmmaﬁ@nmmﬁmmﬁaﬁﬁzm%,ﬁmﬁwﬁmﬁﬁﬂTﬁaﬁ

Wﬁﬁm;mq@mﬁwﬂ%aéwﬁ%w%l%ﬁmmﬁimw
sﬁ“ﬁfiﬁqmﬁmgﬁmmm%,ﬁﬁﬁwﬁm@aﬁm%l

b wrd e (Material Jetting) | . .
WNMﬁ,wéaﬁ@@émﬁﬁ%ﬁnimﬁiﬁ*“ﬁm?ﬁﬂ 3 L
& mewmmg,ﬁmaﬁmmﬂﬁﬁﬁmmw"ﬂ‘mm

nlzam%ahﬁmuvmmm@m%‘

|
|
_E
|
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i
R
'
UV curing lamp 1
Leveling blade j
Build material 2

Support material

Part support

Build substrate
Build platform

F. STEST WA (Binder Jetting)
mﬁm%maawﬁmmmm%,maﬂmﬁﬁhﬁmaﬁmlﬁﬁ%m
ﬁ,wﬁwﬁﬁ%m%ﬁﬁ%%mm@a@mm%ﬁﬁm
3D stsaE ¥ STER § WSS HUI F, e Wl ¢ FAG T SER § WH H ST T T
mm@wé%mam‘émﬁmélﬁzmiﬁ%%aﬁ,%ﬂwﬁwmﬁmm%
stk aTTe) sifedEe F1 3D fifEn W o ISwm faen S €1 39 a1 TEel AR 1993 H HEECE
M@Wéﬁﬁﬁﬂﬁﬁﬁ?ﬁﬁmwmﬁnw%ﬁﬁgmﬁﬁwﬁMWWWW

Liquid adhesive suppl
r:,__ - / q pPply

Inkjet print head
Part

Powder fegi_
supply

|
, \  : )
" Build ‘/

o= 6.3

Powder feed
piston
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L e et

o TF I3 AREX S ST 3D fifex, T - @ g #1 7€ 3D fieX =g
mmmmgaﬂ?mwmémﬁ%mmam%l

G qerd ATEl fr@teT (Material Extrusion)
< i R AUF TS I Al oo W fedfir wsfert (FDM) 2
@) W WIEfAT (Fused Deposition Modeling (FDM)): W51 feuisifer Hfer (FDM),

g e Wl T fafa:
Nozzle ejecting
E molten material
Deposited
material
/
L
/’ /
t’::://_ -/////\ Controlled

—
S = | movable table
S~ //

o7 6.4

1. et fyeren gan ved 1 arel R % (WNRE®) (nozzle ejecting molten material (plastic)),
2. 5 yerd (wfasfua 9) (déposited material (modelled part))
3. frifae =@ aifdsst (controlled movable table)

FDM 7o T i fherie a1 H1g % A 1 ST F w1 B €, ST FEE (coil)
@mﬁm%aﬂrwm@qwaﬁwﬁﬁaﬂﬁm%@mﬁmaﬂtmmm
#1373y T Y fsrerd 36 fere T e T @ ofi FgeR Frif s fafi (CAM) wiveaT
Yo 1 Y R o e FEnE o aT A o St A fewmel < e S W 2

S =) Sy @ e e B G I T F IR O 5 g T s 3 e srerd
T v gt sefd fopen ST 31 7€ qEAw o vt 3D fiet feeme wwRi ABS (et
T wr) sk PLA (Wil 1) d Tl St ST 1 9w @1 FDM 1 S
W F 80 ¥ Ty & ofd § o7l 39 T B AL T F AQ I 1988 H e Rt
ﬁﬂmaﬁmqys—mmmﬁsﬁmﬂmea:mmﬁmm@amw%

(b) W firemiz %fdv (Fused Filament Fabrication (FFF)): f9ea T0H ¥eg, W

| Wﬁﬁ#ﬁ(m),aﬁﬁ&qqﬁﬁam%mmmamﬁmwmﬁhﬁmmﬁ
T w9 ¥ eyt 2

i
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F2 SAT- fhamie 3D i FFHREH 8| Hod Aih(yd <aen 38 39 &
o FHAA-XY-8S (Cartesian-XY-Head)

e TFNII-XZ-8T (Cartesian-XZ-Head)

o T (Delta)

e HRXY (Core XY)

H. USsT &8 WA (Powder Bed Fusion)
=g whEa ® 9ed A TR F S Tl qEE Qe ask fdefar (SLS) R

(a) e A TEA (Multi Jet Fusion (MJF)): W&l S T TH-AIsh-Hewlett Packard gm
frefa 91 T 31 98 A 39 TE FW HW ¢ 6 UH AE @Y WSS I TH R I Fw
aﬁtiﬁ:{s‘aﬁzﬁﬁnmaﬁtaagﬁmm@wﬁm@aﬁaqﬁ?aﬁmmémm
Wﬁﬁﬁmﬁﬁgﬁﬁﬁ%@ﬁﬁﬁ%%m@ﬁw@?ﬁwm
%“'lMﬁ,mmmi%@ﬁmz%wﬁm%ﬁmﬁmwmmma
mm@mﬁmﬁmmﬁlmmaﬂtmwww%mﬁam
ﬂa‘g30ﬁﬁw—rg’mmmm%,aﬂta@@ﬁﬁ@ﬁmmmmwm%,m
m%ﬁwﬁm-mwaﬁwmmam%shﬁfmmw(3Dﬁaﬁa)ﬁ%|

(b) TS AT fUEfT (Selective Laser Sintering (SLS)): SLS e, fafirs a1 e IR
%aﬁmﬁﬁmmﬁ%ﬁqwmmﬁsmﬁﬁmmm%,ﬁmﬁaﬁmmmm
2t &1 ISR FaATeTE eTd Hi gl Sl Fge W 3D TiefET FEHE g I Fia-gRE (A1 o) #
ﬁﬁaﬂ%qvfmﬂiﬁmmélmm-mﬁﬁﬂmﬁ%m,wagﬁ@mﬁ
tﬁas‘ﬁamﬁmmélmwﬁﬁ@ﬂémsﬁﬁmm@?ﬁ%aﬁtsﬁwaﬁéﬁzwﬂﬁﬁ
S 74 d% WERAT FI STEAl S e

== Scanner system

— O Sintered : ™ Pre-placed
Laser powder particles be::r: powder bed
Powder Roller (brown state) (green state)

delivery \ Fabrication

system\ N, powder bed
Ve T _)\ -
i ; t

Object being
fabricated

=

l

-
< |

- Unsintered material
Powder delivery piston Fabrication piston in previous layers

fa=x 6.5

(c) TrAtEE Bew ek faefi (Direct Metal Laser Sintering (DMLS)): DMLS 7& ¥4 @ SLS
%w%,%mwmmmaﬁnm%mﬁrmm%wﬁwmiﬂ
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?@.%m@m’?ﬁ ST 9 W} S TSt T I SR fiie % e R s v 2
o ¥ A 36 F TR, DMLS Tk AsR fisrert 1 whoman & o a7 21

o= 6.6
I. Sheet Lamination

T Oy Yie v wfte S Sl ww ¥ e wd g €1 =Rl O, e O agasd B §9
Todl §1 HTg W Ted Wl ¥ stegEifs AfeST g ww Wi, deee Fit 9t € 3 R ONC w St
R ¥ e S 21 AR wie P I7Em ot fear 1 g &) ST 3 fausy et i | foues W
3R TIF =T BN HR F Fe 9 &

Ultrasonic Rotating

cylindrical
sonotrode

Anvil

Clamping force
from sonotrode

Adadl

e S8 ST
- Ultrasonic oscilliation

Reaction force from énvll
and based plate

1
idan

solid state bond

fa= 6.7

J. Féfym ot W frsftar (Directed Energy Deposition)
%mmgﬁmm@mﬁaﬁ?ﬁﬁﬁﬁwmﬂﬁmaﬂmﬁl 3D
%Wm@ag—mﬁﬂﬁmaﬂﬁﬁwmﬁaﬁwﬁ@ﬁmﬁm%@@w
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aﬂi@mﬁ@ﬁ(@m,ﬁﬂiﬁﬁmmwm)mmmmmmm%awwaﬁvaﬁ
mﬁqfwm%la@maﬂ?émﬁaﬁ%maﬁi‘mmmﬁ*@ﬂ%l

=3 Processing direction

Powder stream
Deposited Laser beam
material
Dilution area Melt pool
Shield gas

Workpiece

fa=x 6.8

%5 e iRy TSR (Fused Deposition Modeling (FDM))
Wmam(mwmmﬁﬁmﬁém(wx@mﬁwﬁﬁaﬁﬂm%

St e TaEgT IRAR § wEfE 2 FDMff,wa@gﬁamﬁﬁa?ﬁgéwzfaﬁqﬁ—ﬁafﬁa
q97 3 TA-aX-RA FHT FTH TAE S 2 mMﬁmﬁaﬁmwﬁWqﬁm%aﬂx
77 T froie w9 A o g FDMwﬁmmﬁwﬁnaﬂwﬁwﬁsDﬁﬁnaﬁﬁémgﬁﬁ
SR F3a 21 T feseR H FDM & 19 T

X | 3D fieX & ad 93 Tifa SER
F1 919 T9F et Hi sTHaTSi el Tmet =l o 3 TET ifey, FfE THE U wad e IR
o F0 ¥ Heg ferd 8l
Design | Design ! PP/TCP composite filament
top view Top view
z Spool of
filaments

X'T; qc::;'i?_lc;t;on Porous fFf’PJfT CP
scaffold

T v s o O i,

Z-Direction platform with foam base

fa 6.9(a)—FDM HfRAT (FDM Process)




>,

& 6.90)—FDM wzwr i (The FDM printing process)

66 FDM & & & A Method o Work of FDM)
75 e <7 T § 5 FDM fmior wfmen 3 e et 3

(i) T R 1 0% Tqe Tt fie 3 wire e T 1 T AR Ao Sifg A W
TEH S T FRemie Y Ao ¥ ¥ aew Freren s & Sl feeriz w1 frsen 24 3

(ii) TGS TS TH 3-8 FOUCR A o1 gan v & S 5 X, v o 2z frenadi F wamiaRa # S
21 frerem gon v waeh faren & amex e s @ ok g Feif TR H Twa-TRowE S
BT €, STl T8 I B T I R ool e RS W e v a9 &
e | qerd 1 @i 321 6 B 2

(iii) TF &F H A F fau, 2 vm-an 7 oravawa 9 @ (0% 96 ¥ 99 U S @
T F )| E TH WA AT S 2T foes wewi Y 9e W € (4 o7 Wi

JeaTT W, THIZTA 8 HW 1 8)-3R TF T Wa T Tt 71 ¥ YR 9 qF S St
2 W % fF W g0 R T S

Support filament

Part filament

e) :l: <> ><

'.’ Extrusion head
/

Part

Support
material

Build

l platiorm

fa= 6.10—f&fe FDM fitzx (Typical FDM printer)
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67 FDM & ST (Characteristics of FDM):

1. fier tRmiftex (Printer Parameters)

sy FOM o= & shra qes) ¥ wared w0 €, fr e o facs ©ew &1 am,
fae 7, WA F I ol Viaew vl w1 1 wiive #1 A wme afwet gw FaiRa R e g
oo fesgR & fom dren fanvig faea B R

& feaeR % gfesiu } weapl # face 1 oTER AR WA FArE) TRl 3DHEF ey
fes SR IR 200 x 200 x 200 firsdt € €, wafw sirenfiw i & T E® 1000 x 1000 x
1000fT B W 21 afe Tewely wot B Wt & S @ (I F O TG H FH FA F
few) 7 U 92 Hed ® 92 Wl & dre 9 HEa € i R g1 fRges S B

FDM & S9m 5 91 T 3o wa & 391 50 3R 400 WEHAF #a fm-fim a6 @ sk
A T ARV N W i fFm o1 w21 uw 918 wa F et s &t w5 € sk
HHIEAER A F AfUE GAF T Y THSd ¢, FalE U ag S9% aot ¥ IR FH a0 W qm
1 Fmfo SR 1 200 TEHFA F TF WA F S GH9 If0F 394 FOA 2

2. {$T (Warping)
FDM ® §ad T ol # ¥ T& € q3 (Warping)l 98 S99 ¥ 3R extruded Te1d 32 &1 9w 2,
T4 TEF 3TM (dimensions) FH 81 54 &1 €l ffe & fafim @ rem-3rem U W 38 B ¢, 3%
Mt Se-rem Tfa ¥ aged ¢ fewifige ffem siafts wfaee F 3 €F F FRO a6 € @
FHafifed Wa | IR F AR Giadl &1 THTE g3 9 8, S fF o ¥ femm ™ ?1 dfe $
qﬁﬂﬁmﬁ,mMm%WHﬁmﬁﬁ’ﬂﬁmﬁ(\\’uming)ﬁﬁﬂmmé.ﬁ
fmtor w9 iR Far g wm sl RS & i SR F agER e S R
fese & fawvea i GE3 (Warping) &1 GWET 1 F9 &2 g&d &, SH—
o 3 THIA A (TF AR W) § YA (Warping) F HYET fuw €l € 3R @ 9w
v B G ae wifeu
o TaW IW TLHEY (F72 1 I9; prongs of a fork) H i g3 (Warping) 1 57 &1 &1 W&
ﬁm%ammﬁﬁ,ﬁm@zﬁdﬁ@mﬁ@aaﬁm%mmﬁﬁw(mﬁm
U 00/ HghIA I Ara) F fFR W F9 39 vad Seat T8 e § 99 1 g9 g
o \TEH, A AHR H GO ¥ Ao 9N g3 wh ¢, 3ulau fesmed § i (fillets) SrE
U 331 391 2
* HATT-He Wﬁ'ﬁ?ﬁ%mﬁ%ﬁﬁﬂmﬁm%lm’ﬁmwwmighcrgms
transition temperature) 3R Hafyd aiet fawn & 3=a U (relatively high coefficient of
lhcrma!cxpansion)%W,PLAWFE’I‘G@W‘E{ABSmmﬁwmmm

r As newly deposited layers cool they shrink, pulling ]

& the underlying layer upward resulting in warping %

]
fax 6.11—¢& FDM w11 & faamm HEAT (Edge warping of an FDM part)
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fa 6.12—ABS ¥ B g3 FDM @ fE=w (A warped FDM part printed in ABS)
3, @ IR (Layer Adhesion)

FDM 1 ¥ o0 o1 Wl % < s sme wgd weeql #1 9 fauen g auafed o F
g 3 I P 9 2, 7@ 1 fred wa F fagdd g see s aeE R gar fred v
1 wae #1 5 | froen 2w 2 i v | g am F we 7 W@ & e 1 wam F ) e @
¥ g a5 T TH Ted F1 SUR whE | FW A6 2| 9 AGd 98 @ 6 FDM & W wEfas
#1 & AFEENE (anisotropic) ¥ Z-314 ¥ 37 T wWYXY-©F § T gmed ¥ w9 w6 2
79 &0 §, FDM & o 9l =1 fesga w3 a9g i sifwfaara T 7eaqol 2

TR F fT, 50% infill ¥ &fas w9 ¥ ABS #/2 gu e 3R F THel | gor ° TR Ay
Ty ZFE F agd ®9 9 FUE FI T 4 3 Z e 1 gon § x, v e fw § e 4 T sfes
7= AW UE T R (4.4 F g HU7:0-MPa) 3R Az A ved @ 10 T 3w (0.5% R
T & 4.8%) Fg T

Layers with radii
---------------------------- on their edges

e e A cmmmme e = - ----es ==

--------------------------- <-— Notches create stress
concentrations at the
"""""""""""""""""" layer Interfaces

fas 6.13—FDM TTa-ZT-a7a fufor (FDM layer-by-layer construction)

farx 6.14—FDM @ e tamg fref &t g¥ (Visible layer lines of an FDM part)
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T ST, i e gon vad fuweh wa ¥ fawdia gar S ¢, yf g SRR Th HSHR
% w9 ¥ fagd @ T 1 9 A 98 @ fF FDM W %1 1 §1 S % g g TF TR
% B B e (3 DR S W dmw) T i ¥ a1g wEhh $O F TEvEwd 6 a5 ¢

4. AMGR T AHAT TTEAT (Support Structure)

FDM ¥ e (overhangs) & W19 SIS (geomentries) T F foru sy A AHdA FE
(Support Structure ) W%lmﬁmﬁmwmwﬁ'mwmﬁlw
FO VY, T AT F GHET G ) SATIRA ERA 2
Wvgﬁmmﬁuﬁmaﬁwﬁwﬁmmﬁmwmﬁ,wm
T $ 5 T F) T F FH & O 39 e B A B e S wwe S
R A T U A T i e o 81w # e A e vad f 3 €, a9
T w9 4 I=9-3id Swhely a1 Sieifiis FDM 3-D fiiet # v F1 It ¢ FHgE W4 R G W
A F} WAE F) R ¥ FH GER B 2, AR T fie Foamems ¥ gfe @ 2, wifn
T (el T W) % s a @ ot aT e F e s s w2

6. 3B wd Ve We¥ (Infill & Shell Thickness)

fiiz 9g 1 9 FO 3K = T 90 F-fA0FEDM 9 B gura: 3 w9 9 fiie 7@
I B TEF a9, G IRy H FE UE-Tn F1 $9E T ga aman o ¢, 58 9e Fw S
3} i rafis, F9-9FE ST ¥ 90 90 SFFa’ Fe 9 2EFEd o i F AeR U el #
wme Hi agd yifad S ¢

f& 6.15—The internal geometry of FDM prints with different infill density

DM i W@ fa@maisti #f § v I9aed v %t faega g@en €1 3710 FHfed arienfesy (S
PLA 3 ABS) ¥ &ist $Sifaftn weid (S8 PA, TPU 3R PETG) 3R S=a-WeyiA ydfenfeeay (S
PEEK 3R PEI) 7% @ €l

g yad fufs FDM # 3ueiey 21 49 % U fraw & &9 8§, v& o faaft sifuss Bt
30 @ qeR T Fiw 01 B R ST R I Al verd fifee s F gt TN, see s
3R widha I A9fad FIA &1 FaE WEE FDM T_id @) A9 @ T afee § gaf fea T 2

PLA 3t ABS ¥ @1 3itt %1 wlen, 1 WA W FDM e, 3 9 g1 FDM Srfirdi &
=% qor frefafad 2—
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High performance

PA12 | PC
TPU PATT ! PPE

PETG PAB

PP PE PLA ABS PS HIPS

PVC

Printing temperature/performance/cost

[ ———

Semi-crystalline Amorphous
fa7 6.16—aufenfess wd fanfoe
et 6.1

m (Material)

ﬁﬁlﬂﬁ (Characteristics)

ABS

a=3t IMA (Good Strength)

o<1 d9EH Fq0g (Good temperature resistance)
e #.feu&fas FfaedeA3iel (More susceptible to warping)

PLA

3@ g uEdl (Excellent visual quality)
e i (Easy to print)
&1 guE 9fH (Low impact strength)

Nylon(PA)

=g W% (High strength)
1 FHt gfadi® (Low humidity resistance)

PETG

wra g&d (Food Safe)
3=t drha (Good strength)
a9 fie & (Easy to print)

TPU

agd arEren (Very flexible)
T w9 4 fiiz F gfeFa (Difficult to print accurately)

PEI

Iphee U 9ifs (Excellent strength to weight)
Ihee Al 3t TEa® ufadig (Excellent fire and chemical resistance)

3=g @rd (High cost)
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69 FDM @t &nw 3R 'Fﬂ":ITQ (Benefits & Limitations of FDM):

|. FDM, &1 guieieay aml 3k WeeRy & Ided & g6l ity wra-warE fafa 2

2. NS F 39 ST F HRU FDM H Age G FH B

3. mmﬁ@ﬁ@mmg,ammwﬂx-mﬁmm
SFTA 2 F fore SRk 21

4. FDM # 371 3D fiifén shefifeedi 3 qorn # Ged F7 ST G A Fohed ¢, FAre 7
et faaror A Wi ¥ fo Suge T 2

5. FDM mﬁwm%@mﬁﬁaﬂnqﬁm% W@ﬁﬁwﬁw%mtﬂem
F TEvEHA Bl 2

6. Wd A 73 FDM 9l 1 SFRigiius s 2|

43 & ¢ @™ FDM % 7 fRash @1 dafuw e m 2:

arferet 6.2
T Fused Deposition Modeling (FDM)
Materials Thermoplastics (PLAy ABS, PETG, PC, PEl etc.)
Dimensional accuracy | +0.5% (lower limit % 0,5 mm) — desktop + 0.15% (lower limit = 0.2 mm)
— industrial
Typical build size 200 x 200 % 200 mm — desktop 1000 x 1000 x 1000 mm — industrial

Common layer height | 50to 400 microns

Support Not always required (dissolvable available)

610 3MS @1 9 (Rules of Thumb)

e FDM, gmiwnfeay g %1 0F fawa 4@ 4 %5 ar[ W AR 9 ¥ WeRRy iR SEes
IR I Fhd B
o | Zmmarg FDM 3D fiiet o1 fafene fase 3R 200 x 200 x 200 fidt 21 siehfie 7o &1 SR
a2l 2 2
o T U &5 W T 3N A9 FA F qfgH (fillets) SEHL G2 (warping) F FH F B
e FDM @vifas &9 ¥ %A@ 8, 3afae 98 d5aq weeyvl SeFl & fou srqwifaa 7 2
\/611 U{d-<3-Ud 9% femfor (Laminated Object Manufacturmg)

—_——
_OS—

mmmwwwmﬂq&mﬁﬁu% Rl U e faee Hefmd
@l e fagEt 79 9 21 3% de 3k G F wfu ate fEw i 2 3R R 3% = @ s
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ﬁwﬂmmmmﬁmﬁmmélmmmmmmﬁ-m*W

ﬁ_@mﬂzﬁmmmmm@mﬁmm%mmwmﬁamm
e R E A IE IR sifem A #) e e o 9 T W A 8
e T W IR F T ST ey sy ) i v 28 &

Laser beam
Q{/s:(-? moving optic head

Current layer
Part layer outline ‘and crosshatch
Previous
layer
=% "’
e ¥ 3
Material —>{, = ¢ Kf
supply roll t‘&i" Layered part f
and support (
material 2.0 < Waste

fearg-6:17<Laminated Object Manufacturing

% ¥4 § #iafaa (@@ s 2adrsta) g EHEd, LOM WF UF qiel @ 39dam e
dr wfeE i Td AT, Wz F1 U faved e ved 7 afed fEm o mwa #ww e
ot 3w A g 21 favEA AA e F frrem € s el w e # A am §ous e
7 7 7w vy Roaifgd 924 F1 F2 Za F A AT TE U A ¢ afE @ oar § g
¥ v vs N 7w I wZd # w2 Ea €1 A A, fae wewd vE o # a6 o 2w #
s i T e S A W w2 9§

mmwdaﬁmwaﬁi%ﬁmﬂfﬂmiﬁﬁmﬁmﬂmﬁmdﬁmﬂ?ﬂm
E&iﬁ#ﬂiﬂ?ﬂaﬁéﬁiﬁﬂ?%-mmﬂrﬁﬂﬂmmmg.m?wdﬁ:ﬂmﬁ
.:e:wrm:mminmﬁrgﬁazraﬁtfﬁafaﬁlﬁmwm’lwwﬁv,mmmm
c‘“f’mi;ﬁmqrgmﬁarﬁmwhﬁmﬁﬁlﬁm,ﬂmmwmn- ‘ _

q ur ¢ & TwAm A W W v T, AEE R I S gl ave

LoM e & Fe _ _ s sy
o 3 AnAET A H WA & AME W, LOM HEm @y strfin

® wug w wwA B Tem fEU WA AT
W g 5 9 v g wT P
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Sealed
., /~Smoke stack (E) /_c:a n:ber(E)
Y e 2 |
Ly A
3 \ E Heated ?/4— Movable mirror (C)
Loy roller (B) J
i

\

7

: /

\ Object under

\ construction

: Wasle

]

: F;aggr tgl?g-irp
. o

: roll (A) foll (D)

&7 6.18—Laminated Object Manufacturing

m—m—mﬁaﬁﬁﬁﬁm@mﬁﬁhﬁﬁx%ﬁﬁmﬁ(mﬂmm)mﬁ#ﬂa
ﬁmnm%uamwm%amwé.wﬂﬁméﬂﬁWEﬁmﬁmﬁaﬂxmmmm,
wmwmilwﬁ%aﬁmw,nﬁﬁaﬁtmﬂaﬁ.m Wt 7% Ird § Al T R

LOMﬁﬁlﬁﬁﬁ,mﬁﬂﬁ?ﬁﬂﬁﬁ@@aﬁﬁmﬁﬁﬁ@ﬂ%lm:,mﬁﬁﬁm
mm%méﬁaaﬁéaﬁtﬁmwwﬁﬁaﬁﬁ%mﬂwﬁﬁm%lmaﬁﬁﬁ@
mﬁmﬁmmﬂlﬁmm%ﬁmﬁqﬁwmﬁ%ﬁﬂﬁ%wﬁﬁaﬁw
ﬁmwme%m@mmemmWélmﬁ,WWﬁ
S Sf=dEg ¥ T UF wiiE g & F T A g

T = S 0 fie € I, R TEE # wE & o0 W A I E| S HIS Hl TG
2 R W TR A ¥ o ¥ W ae gy W e S e

L Gi-:-g/ [/

1. Slice cutting

2. Stacking
v §
WS
N
! 5. Finished
3. Lamination 4. Conventional binder component

removal and sintering

fa% 6.19—CAM-LEM
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gz 30 BT TS ¥ ww swam @ @ i

qzﬁ"ﬁ“*aﬁ_"aﬁ@"%wﬁ*ﬁwﬂ%@iﬁwﬁaﬁﬁvﬂmmmwmmm%
QWWW%M'WW—WW,Wm%ﬁﬁWWﬁ@mw

mﬁﬁﬁﬁ%‘“ﬁ"ﬁaﬁmaﬁﬁm o A | He T 1 FREA F
o 35 T S 1 A 1 7 Y Fe § Fifr 7 w2 ‘

Wﬁﬁ%mmﬂﬁmaﬁwmﬁ%
613 TA-T-UE | g fmfur 3

(Applications of Laminateq Object Manufacturing):
Lomwﬁﬁ@m@ﬁﬁﬁ@amwmW%mmﬂﬁw%‘;wmmaﬁxﬁﬁ

maﬁﬁﬁm@?ﬂé,ﬂééwm_amm-mmﬁMﬁgﬁlmm,m
mﬂq@ﬁqﬁaﬁﬂﬂm%ﬂﬁﬁﬂm%ﬁﬁﬁ%ﬁmﬁﬁn@w),mw

Laser/Optics/
Scanning mirror

B Leveling roller

Powder bed

Part-build chamber

I Powder cartridge

f& 6.20—The Sinterstation 2500 System Process Chamber

1. Input STL 2. A layer of heat 3. An initial cross section 4. An additior_la!
file fusible powder is of the ob;ect und'er layer. of pqwder is
deposited across fabrication is selectively CT— > deposngd via a roller
the part build ‘drawn’ on the layer of mechanisms on top of
chamber. powder by a heat the previously
generating CO, laser. scanned layer.
{ 6. Success layers of 5. The process is
e 1she powder are de);)osited repeated, with each
l;er'lll((i) Vitigg);l ztmd and the process is <1 layer fusing to the
uild ¢

the loose powder is
removed and reused.

repeated until the part layer below it.

is complete.
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6.14 T & FIAT (Advantages and Disadvantages):
@9 (Advantages):

1. 99 SR & ST F IARA F07 F1 & & 30N T57 TR F A AREH H ST FR §
2. T ¥ R wet wg e gme)
3. THE F ST

4. @A F foau efers 768 2

wifat (Disadvantages):

1. 9%9 99 F FEvEHA et 2
2. AW H G B G 2

3. T, Al AR F awgel F feear s RP faftl ¥ g s w9l ¥ w9 § s
& 2l

fraw wifEn ¥

YR T TG

fafeeiT-TaR S Tew ¥ fae ared)

fire s

& 394

® N o w A

r 3 5
%5 IS S ﬁ:l?.ﬁ'ﬂ_‘ (Selective Laser Sintering):

e r—

IR T & 999 &I B A F o fred 10-15 Tl A Additive fafrfor ufrarsi =) fassfag fe
w%:mﬂaaﬁ%%%uﬁmﬁﬁmﬁhﬁqaﬁaﬁﬁmﬁﬂmwmm,
W@gm@(CAD)WWWW—WWWWW@&%—WW@
mﬁ%%ﬁwmélﬁmmﬁmmmsw,w3Dﬁ5rﬁ11(3DP) GERC
I, TR T (SLM) 31 % fere, fafvrt w1 v Frfon oo serey &
am-ﬁizﬁnarauf%,%ﬁﬁﬁﬁr'maﬂaﬁm—a—wmmm@f%ﬁnfmﬁmm
%lmmmﬁmﬁaﬁzﬁﬂaﬁﬂam%mﬁwﬁsmmmm%m
%ﬁﬁﬁuﬁaﬁa@wélmmqhﬁfﬂam%mmﬁﬁﬁmmm%l SLS

ﬁmﬁaﬁwﬁaﬁaﬁxﬁmnmﬁﬁm(&&)@ﬁmm@m%mm SLS wuredt =

ASES e 3 6,21 F frmrn T 2 SLS T 39 ¥ § WS U vad % for wh v i F
9 X TF AR A9 1S9 F@ D




" ;if’:‘: !% z}f“%’l \ .lﬁ | ;
2 —— -\,: .’..‘:11 ng‘l‘.

Laser Fabricated

object
Powder bed

Powder Lo

delivery

system ™.

fa= 6.21(h)—ﬁ35|'€ faeftn ufeman (Laser sintering process)

ﬁmﬁzﬁnmﬁmﬁmﬁ%@ﬁ%ﬁmmé,mmﬁmm
'ﬂwmmmmmméanﬂﬂﬁwaamﬁmzﬁm%lméﬁtw
T ¢, 58 S A ¢ o T F O e W G T A g
“Wmﬁé,maﬁ:"ﬁﬂmmaﬁﬁmlm@mﬁﬂﬁwwmmg,
L2 faerar 21
Rsﬁgﬂmmmmmﬁmwmﬁ%WMWélﬁm

lidification method) % 1 % ST % 10 SLS 7 W4 & fee SLM & orem g ¢, ey

ES
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s 6.22 S SR ) 30 I £ S TR W O At 81 IR srEen ¥ @ I R
¥ SR T e fea otk SR iy % mem § wee ) e w Yo R S e,
i T W R 3 R ST S $R o & e S 9 21 SLS #fik DMLS SR €9 ¥
& 9 2 SLS ® 39 Shea &) deftd w0 ¥ fo fe s 2, i a8 i TR 6 wa,
fes, Fa, fRfi % frm 2 21 Sefs DMLS Whea1 1 Seera wig & s YTl W AT B B

e
ok

e . S
—_ Z\Nettmgta s 22—

Laser
radiation
1
b Standard ::
material cell e

i 6.22—ua® derd |t &1 Alse (Model of the standard material cell)
A foefin el & v ¥ fo Feefafaa weri fafiel srh s @
(a) osR faeftn
(b) &9 e
(c) dr= TEfET
(d) weTd ¥ YR 3R
(e) WIH ThfsraRfeT

S famefir aied % See S faft & R s 3 9 el i w R R /) sws
fargah 1 Bem fefarad ST ¥ el <

»|

Powder layer

Sintered |

6.15.1 lﬁ UE&H{0T (Pre-processing)
qﬁmﬁmaﬁtﬁzﬁﬁwﬁiﬁmﬁ@mmﬁaﬁ%éﬂ,

(a) TSI I ¥,

(b) 3R AR A1,

(c) TR <X

TSR Y WA % e sintering % o, T F I A A WR For I 7, IHIE
SR 3R SR o ) fogyel T S 2 SLS Va1 W H ¥ TER HT R iR G A
W@ fr s 31 e whear TOee) st e, SR it T Tiia A F W Hh TS
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T

ﬁfﬁ”mﬁ‘iﬂ“mm%lmﬁsuﬁmm‘q‘@f%aﬁﬁwm%sﬁsw o @
Wg'*“”“*“”ﬂ“‘Sﬂ‘ﬁmmwmamm%mmmﬁﬁmﬁ

qiferT 6.3—TeTd, AR, W 3iR wataufty Wt & fawifom SLS %t ufiwar dRwfizt

(’mal Laser Scan Environment
CompOSitiOI'l Mode Scan speed Preheating
Power density Wave length Hatching space Pressure

e
Morphology Power Layer thickness Gas type

-_'_'-__--_7 -

Diameter of grains Frequency Scan strategy O, Level
Distribution Pulse width Scan sectors
Thermal properties Offset Pulse distance
Flow properties Spot size Scaling factors

6152 &2 ¥ed (Hatch pattern)

et frefn Fafer 3% T U 99 w1 e R W 81 S % e § R # SRR Wews
3 o 3 T 1 Fio wn fifed €, DMLSEOS Wi § 8= 4o w1 fewiee e wal # Th w1
ﬂﬁsnaﬁé?ﬁgu@nm%,ﬁmﬁﬁaﬁﬁ@ﬂﬂm%l%ﬂﬁ%w%mwﬁm%aﬂt
éx,yamzr%|1%36.23(a)xamaaw:aﬁnéﬁzﬁnaﬁﬁ@m%aﬂrﬁas.zscb)y%mqﬁni
S 31 zvia & 4R x 3R ¥ A frddha o R R, @ W T Qe A 8, Th
WX ¥ T ok fox v < f fa 623(0) ¥ fe@rn w /1 X-y e § ai-a |, WA # o

(f96.23(d) & fora Shf =1 feen =er St 2

@ (b)
firm 6.23faforsr & ded a1 @af faftrat (Different hatch patterns or scanning strategies)

6153 Wz paf (agfie Sratae Ae i)
[Post Processing (Hybrid Direct Laser Fabrication)]

DLF, LENS SﬂTDMDﬁﬁtgﬁcuﬂH?fﬁtﬁqﬁmaﬁmﬁmmmﬁ@W%m

T R ww w0 2 sL.s dgifew 7E F 92 Hfoww H AfGF TH W T & Y A AFR F

q@%ﬂ?ﬁmwmm%l%ﬁfmﬂﬂﬁ?mmmmzﬂm@mﬁa

mﬁﬁma,mmm_wa;mﬁ@ﬁmﬁmmﬁ@nmﬁm%m
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SRt fifex v 1 W & S wr: S s % 80 wfoww @ s @ 21 SLS &R Ak
YS-3TFR F feell W8 fom w2 mf fopu smgaiedfes IRT (HIP) SR T 70 W 90 &) wqy
fere s fRan ST R1 SLS/HIP ww i werer @R Frefor fafr & S SR whRmel Y wwe
F1 St 21 <l Fh 1 faf v, TRORe a1g % R T S, O Al SR % g
® 9 T Trfve HikeA ¥ mehreem o fea Wl (SLS TR o we smsedfemd iy
N TR) Tre-iRre #REe wois w9 @ Wi RRae % WY ot We ¥ 9dy @ ¥ SLS §
S T 9N T M2 559 T Wi TRt ol S T RO T oA €1 R feefiT whea A
g et § fefefin sik wifvfeftpey w23 1 fadwar @) wWaar fmfor fafe % Hro, 9§ = fiteg
TR gt 2, f Sfad i seR ek st vRRIns BT w9 A1 ger ST g 21, 2R Ti6AIV
# ffifq 9l ASTM F1472 (Sf¥ieret Toariau s % foe aeeh e 9 rmefem fis ug &
fore wre faftredr) it savamael w W@ w0 ¥

TH # @R fiefin fen % @t fmfa 2: 3D fred, Inc. 31 EOS GmbH.| TfeT 6.4 ¥ SLS
T & YR SR SLS el % Ieed % o St #t W Al g W wehe <ren @

TRt 6.4—SLS wgist
Technical Sinterstation® o Sinterstation
Building vol- 250 x 250 x W381 x D330 x W355.6 x 380 x 330 x
ume (includ- 215m H457 mm D304.8 x 450 mm
ing building H431.8 mm
platform)
Laser type Continuous waye 50 watt CO, 25 or 100 Watt 50 or 100 Watt
Nd:YAG fiber laser laser CO, CO,
200W
Scan speed Upto 7.0 m/s Upto 10 m/sec Upto 10 m/sec Scan speed of
5 m/s
Power 32A,55kW 240V AC, 240 V AC, 240 V AC,
supply/Power 12.5 kVA, 12.5kVA, 12.5kVA,
consumption 50/60 Hz, 3-phase 50/60 Hz, 50/60 Hz,
380V AC, 3-phase 3-phase
12.5 kVA,
50/60 Hz, 3-phase
Material EOS Maraging steel | LaserForm™ A6 LaserForm LaserFrom
AlSil0Mg - ST-200 (stainless steel)
EOS Stainless steel LaserForm
17-4 ST-100
EOS Cobalt Chrome (
EOS Titanium Ti64* 1
Ti6A14V




3 ri--ﬁ.p '-4

T MPI1 (Knee Implant m Cobalt Chrome MPL Lak

6 ﬁﬁ'{ 'FﬂZﬁ"T ATRI q ag<h md (Material Used in Laser Sintering Operation)
6.1 SLS uffemt aerd (SLS Polymer Materials)

fatfemﬁ.sﬁ'SLs éﬁaﬁﬁwmaﬁaﬁwmlzwmwéﬁ&ﬁ%l
arferent 6.5
o Tradé name Supplier
DuraForm_PA 3D-Systems
" Pa 22002201 EOS
‘\ Orgasol Invm__s_m_om‘l Arkema
3D-Systems
3D-Systems
EOS




200 HT ST fovied T dghaafin

4. ASTEE ST-200 (LaserForm ST-200)

5. 17-4 ©09 €4 (17-4 Stainless Steel)

6. 15-5 RT09 €& (15-5 Stainless Steel)

7. FEe %M (Cobalt Chrome)

8. =S wiat MS1 (Maraging Steel MS1)

9. TH 2 ¥R-¥IE WA (M2 high-speed steel)

10. T 718 3R 625 (Inco 718 and 625)

11. UegHitrm fus 9ig AlSi10MG (Aluminium iloy AlSilOMG)
12. <™ Ti6Al4V/ELI (Titanium Ti6Al4V/ELI)

6.17 SLs Wfmar & fawarta 3139'0}11 (Extended Applications of SLS Process):

SLS 3 DMLS 3 fii 9 @, Sqsih R, WX 91, T, ugefed Gefaa IRl SR Het
@amﬁaﬂtﬁﬁﬁaﬁmdﬁélﬁmaﬁ@mmﬁ%ﬁmmmﬁ@
s e fas O Ti6Al-4V R SLS Wil 3 e wfeT uika # STE Soat d ’E ded
1 IAEH T F forw fEa 9@ 21 S 9 F MR I @ S A gerdar w81 wREgd $9m b,
S99 1 1T 3 W I F oy e, Ui SerEy a e % fag 1 de w1 s fRen s R

Afewa Troifay 30 o, FE0.e frefes sraiz S He Th €21 ¥ Fawehe T A H St
¥ T o1 T 2, R o Mg o B ST T WA 21 SLS ek S, ga faatr Suwl ok
& ¥ uiew ¥ Fmiv ¥ fou TEEfetEi & 49 ¥ o 9reH © W €1 SLS &1 3vEm uw ffEd
= 1 TR = % G0 1iea fIefad # # MRI 3R @it @ (CTSCAN) & 21 &1 394
5 G ¥ Tied Y &R e w2, sk <R ¥ o =R § o wow
fapa T €, et 9% Sifad R mn @ fF drehd % g I SLS W 31 3-D fiifen faferdi S uieior
qFF W I Ared $ ol | 3w AT T B

SLS ITtu S8 T@A-W orthoses ¥ fmfur ¥ sft swanit &1 SLS 3-D fifén srefera s & fow
U A a0 2, S 6 FEu 99, <9 S iR vreafeam erefay snuifia fas O wee w9 @
eI SIEar ¥ ded andrifes it <q Syl % fain & foag swm fe s @1 @R feefn
¥y syErh § 4w € @ g A afire SIS R A W W @l gg SE ok s @
e FN T FEfeE % §9 H 3T fHY IR A "o g aigell % e gor 9 9 2, 99
fis 316L ©erd e (190210 GPa) 31 Co-Cr {39 (210-253 GPa), %1 Sr=gR | Ti smafd s
o W T9 ¥ fo s ame wefifa #d €1 T AR 9T sintering U FraieTd w9 4 Fiied
e ¥ @9 < TR F Foio F U U I alw 81 e & a6 §, SLS aw & var o
¥ forg fog) Seifrftn Shwiesn ol 9RE 3reieg R fhe e, o g w1 | e/ fatfre ol
FUNTEH A ifead e Wi 2

AR foeftn # srneiic wifeT, S Aifeen & foau ug & a9 o =8 wifen ¥ fau 4ed, ok
[ T % fow Fu-u 99 ok #) & 357 F@ €
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6.18 mm (Stereolithography):
B8 S

ereolithography (SLA) 3D fifen = s wfsfen d=gibrafin 1 7€ Tt grentTn! 2 9w v A
- & O Al % 9Rafda FTft €, 9o Sfa-agesiEa (photo-polymerization) T Wiwal H T
@ A 1 ST B I ek A 2 smwmﬁﬁﬁaﬁn,mﬁgwﬁﬁmﬁﬁﬁ“t
o fafe, TR, ST T i e 3 A s sy 3 forg e, ey, e S I |

2 @R ¥ faw ST s 2y
-——X-Y uv
light source

Z Stage
or
UV curable elevyt
liquid resin
surface

Formed

oot R By <R Support
R structures
o 6.25(a)
1. Machine accept 2. The part is built 3.A laser scans the 4. When one layer is
art as an .stl file in a vat of resin. A surface of this complete, the platform drops
and slices the file C— > layer of [—> resin, drawing the C—> lower into the vat of resin,
into thin layers photocurable resin bottom layer of the fresh resin washes over the
(0.004"-0.006" sits above the part part and the layer proceeds to
is typical). z_stage elevator build the next layer.

shoWwn,in'diagram

5. When all layers are
complete, the part

[j is cleaned and

post-cured.

Scanner
system

Solidified
resin

fa= 6.25(b)
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SLA 9iFa Teeht R 1970 % Tk 3t Ywarm ¥ ST ¥ S 6, S SR A Dr. Hideg
Kodma%ﬁmmqﬁmﬁaﬂmmaﬁmm&ﬁmwm?ﬁﬂmﬁ%m@ﬁﬁﬁm
& T WRE e = anfreer fra o v ARG @9 Charles (Chuck) W. Hull zry
mwm,ﬁﬁﬁ1986ﬁwﬁﬁﬁﬁmmmmaﬂtsﬁmﬁ$m%m¢ﬁmm
I oy W. Hull 3 36 fafr 1 9o Tl s gm0 afed @ e 3t el Sl 51 i
W Rifen’ #t% 3D sitsvme T ¥ w9 F o Nl S A F T A i wa 9% 9 o 1 A
¥, T9H gRsm =y fpe) ot w1 F foaiita foran T o S sw sifoes feafs S A A wew
¥ e @ e, 3Dﬁﬁ'ﬂ3ﬂTE@ﬁ'ﬂﬂ=§§ﬁaﬁﬂ(AM)W§m—wmaﬁﬂWﬁaﬂﬁ%,@r
Wﬁmw,wéaﬂxﬂﬁwﬁaﬁaﬁwmﬁmﬁﬁﬁﬁﬂm%l

ﬁﬁﬁzm%m%ﬁaﬁﬂéﬁm@ﬁaﬁ,@mﬁmﬁ%ﬂﬁ%m%ﬁﬁﬁmwu@a
ﬁmﬁm,ﬁﬂﬁﬂmmﬁmm(mm%ﬁm@mh@mﬁﬂm@mw
Hﬁﬂm@qaﬂm%mﬁﬁn%WWmW%Miﬁwﬁﬁmﬁﬁm%
Wﬁﬁﬁamﬁmﬁ,mwﬁmwﬁﬁ%mﬁ JAISd, I59-TENF IR0 Wewqy ¥

sm%mﬂéﬁﬁh%mmmwwm,mzouﬁFomﬂabs%mﬁaqma
famam) sm%mﬁﬁ@msnﬁﬁnaﬁmlﬁmﬁﬁa@ﬁr&aﬁtﬁwmmﬁﬁzmﬁ
aﬁaﬁﬁawﬁﬁwﬁﬁawmﬁﬁzwﬁaﬁwﬁ@mmwmﬁﬁﬁﬁuﬁmw
mﬁﬁmmﬁwmmﬁ'mﬁmmﬁ%mmﬁﬁnﬁmﬁml

SLA #rsafafafor (additive manufactiring) Seififrdr 3 TF H9E ® Hefog ? R s
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@ Sweeper

@ Printed part

@ Resin

(4) Build platform

@ Elevator

@ Resin tank
@ Laser beam
X-Y scanning mirror

‘ @ Lenses
x‘ /J @ UV laser

&= 6.26—Right-Side Up SLA

6.18.2 Upside-down (Inverted) SLA
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@ Printed part

@ Build platform

@ UV laser

(®) Galvonometers
(7) X-Y scanning mirror

Laser beam

9) Resin tank

fa 6.27—Up-Side Down (Inverted) SLA
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&z &1 W R A fafen stew o warm o dfrdem wRw % R 40 T i 7F H T
@ & 21 TR At et = f ffem ¥ fer see fean < T 2

Horizontal section

Movement of the
\\ L supporting disc

Centrifugal
farce

Rotation of the milling bowl

o 6.28 g 3R urss famor #} 7f (Motion of the'ball and powder mixture)
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(ROBOTICS)
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7.2 WEIE & YRWTET (Definition of Robot):
“Yire T T & 79 e @ P g & T A S HW A g @ T I SR e
g T F Gl =1 .
Fowlto FHA ¥ AR “TF Robot YR ®Y ¥ Faifeae faan mar Artificially Intelligent e
S sdifier S W YME TR 9w T © ,
@ﬁﬁ%(ﬁﬁéﬁq\ﬁaﬁfé})%W“w@m%@‘m’mﬁwﬁam%ﬁt
O §agT iR Wi it 21

73 &R & sﬁm (History of Robots):
mmﬁmmﬁwﬁnsﬁﬂa\z(kobot)aﬂﬁmMﬁﬁmﬂﬁﬁwﬁwélwmwlsﬁw

mnwmm%ﬁammﬁ1932ﬁnz?ﬂanwmﬁr§maﬁa3owaﬁman
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7.4 aieam & 139 (Riles of Robotics):
1. wﬁzfﬂ@mﬁwﬁmm%mﬁmﬂ%wﬂ%ﬁmaﬁw

TEar # IAgafT o &
2. wﬁaﬁzﬁwmﬁqmaﬁaﬁmwmmﬂmsﬁﬁwm%mm

FAT & 9 G HU
3. @ﬂﬁzaﬁaﬁm%aﬁ%ﬁaﬂmmmmwﬁmmwmw@mw

FF F 99 God T F 2
7.5 TEIE & WRT (Parts of a Robot):
{4 § g7 ®9 F 5 TF T 8 —
1. f@=o1 yumedt (Control System)
2. W™ (Sensors)
3

. #fitgetet (Manipulator)

4, TFU (Actuators)
5. 9w 3mgfd (Power Supply)
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?1 .1 WoTeit (Control System)

e
i

atﬁﬁaqﬁgﬂﬁ%wmgﬁmaﬁwmaaﬁtﬁ
it S 21 T W &1 C
PU AW W&

Wﬁmwmw MR W T8 1 ey 3

ﬂk Central
controller

LIS Open network —

¥ CC-Link

3

i

Y

7 e il _

; S L Rl systom network — CC-Link

il fa 7.2—Frg=n qumret (Control System)

cAL-

) B (Sensors)
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g é|

Mir:rog:ontroller Chemicel sensors

Microphones

-, Senuo Mofor f

!5 el Infrared sensors

= e S =2
quisition S =

Ultrasound sensors _
j. /Data ac
{ Camera sensors

Acoustic vector sensors : I

I |
i
't
s

fax 7.3—@4T (Sensors)
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3 ﬁgﬁu (Manipulator)
AHE BY W1 qtE, T 7 FE Wige 3R fdw 2 €, % manipulator e ST 21

4. TEHUET (Actuators)

T e A W F AU, T ST § us ard et wifen s owed d90 9 yfafRn o & fa
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AR H HRAE W TR W S G 9t 6 U G 6 & O T I & 91 U Ty
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4" Actuator ] s

l 5t Actuator
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l 2nd Actuator

fe 7.4—TaUST (Actuators)

5. vitsh ﬂqﬁ (Power Supply)
w1 w0 ¥ fou e § T 2 i AT @ e § @ o S e @1 gk @H & A
Wmm%ﬁnmﬁﬁﬁm&ﬁmﬁﬁqﬁaﬁaﬁm%u#ﬂwﬁﬁmﬁwﬁ@mﬂ
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g et S S F IR S 1w Fe (Robot) W F1 e 1 wde w A e (Robot)
g aferT 851 5 S TE T HT F I v ¥ S fo fo &l H Yalte F fee w1 W@ wW S
@ S-S € T T SR WA H g w3 e Foe

E 1, Slrenfie TS (Industrial Robot): 35 77z 3 TEIe 1 3T a2l-aet higefd 3 HIErH]

3 e ST €, SRl ST etz W ey 9 Sefern, A st e 1 S A
T 2l

L e T

faa 7.5 14 (Industrial robot)
| 2 5Re] T2 (Domestic Robot): SIS 2 3 Sfal @il & 98 G 1 A9 & U ¥ T Jeie
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H WEE 3R W F UH B2 g FH (GUH FH G99 GE o ¢, T N 9 ol 2
3. Wfewe Vare (Mediedl Robot): 9 a¢ 370aell § %8 Mg & Afesha w1 3k goi o LS
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4. ﬂmﬂa’lz(ServiceRobot):wm%ﬂ@@ﬁfﬁm%@éa@mﬁmﬁﬁﬁﬁm
ST FehiE A ¥ I T

5. ¥=1 Q&I (Army robot): m%ﬁﬁﬁﬁﬁwaﬁ%ﬁﬁzﬂﬁmm%m
ﬁwﬁmﬁﬁmmé,wm%ﬁaﬁzmmgx%ﬁmmm%mm%ﬂ
aﬁwmﬁmﬂmwﬂuﬁlwm%ﬂ@zﬁmﬁﬁwwﬁﬁam@%%t

AR _ ¥

6. TS Wate (Entertainment Robots): ¥ TH % ere gARSA 1 FE A T 5
sfaeaiEie (Interactive robot) e ST S St R i fen F e T €l

7. dﬂﬁa'ﬁ'ﬁZ(SkyRobot):ﬁﬁmwﬁﬁ%ﬁw%ﬁm%ﬁmﬁm%,
WWMﬁtﬁwﬁﬁnmﬁaﬁ@mmﬁwmﬂMW%

8. ﬁﬁ(ﬁﬁz(KﬂlerRobots):Wﬁmﬁw%ﬁwaﬁmﬁﬁﬁﬂﬁmﬁﬁ@ﬂ
mém%ﬁ%&ﬁffwm%ﬁﬁfﬁaﬁ%ﬁﬁﬁﬂmm%lﬁma@ﬂﬁ%mﬁ?w
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T Wi S ¥ AT Ea @ e

9. &z {1z (Spider Robot): I ¥ T TH
FE1 (Robot) FI T I gl fa @ il SR
ﬁ@ﬂzéww%ﬁﬂﬁr{s%ﬂm%l
7% Udie FIH A IR a9 €1 Fie Jae e
T1geX (carbon fiber) { AR T B1 SHH A5
@ T ¥ SR €1 ST F AR §R S
T 79 TER F T T e H GRERL e
T &1 A wEeiE s9E uEl &1 fd 9eH
FTl € 3 T F1 3 A qhd <At ¢ i
3 < frm 2 5 39 ot & T4 &1 3R a9 fam 7.8—ate Ve
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77 -a-a’ra & WTET (Language of Robot):

Jdiz P ST SR FTHR FT9 FEH % 0 39 2w 241 2 R g e & e &
s el T SIS S R | R SR W) 2 firu e ffvd W ) enavasdl et o Jee
o @ Tt ¥ T % Yot S s v i S a2 o6, S aree A agd SieT o
o 9T S-S TR T & v § s w o e 6 1 @ 1 and § Jee & HAe
i 1 T T € WA T 7 S U o derien S o W SR 3 R

A 8 T A AR F o o gon 8, 99 @ SO & @ T % meay, 449 F
T 1 S Ao H A T € AR W, 39 Fegex S wersh # farg gl S, e w5t
Sfet TS HT T HIA ¢ gufA 7w e i Srs (RPLs) Feerd £1 sifete faen § et
Jfe AT WA-T R0 Uz Vet Ty ¥ Wy of gufw B9 8

Talre FfET et w1 wE w9 ¥ A o wwa 21 7w @ Aee i smwsi i Tewrgol
vl B fnfea fFen w2

1. fafore BigeeT 9T (Specialized Manipulation Languages)

3 el S oS T aE ¥ e w0 s T 2, 3 e & g s
T ST HHAT § S Uete % fafre & @ ot W § waltug e 21 Seee ¥ fAv VAL 9w 2 R
sreife Asie 1 FEfa w0 F fou fawfog fe 7o 2 VAL =1 fa¥ig ®9 § #9727 (manipulator)
# frf #7 & fau 9w weer #oww F &y § fawta e T 9 9 w1 SHesie O o
Fid Te A, I 9A1 T F1 THLT T Fargl

VAL T HEHT0T, V-1I, ST GRAErs 1 ¥eH T 8 39 9N F a00m S0, Ve o w5
T gaund +ft wite 21 LAEE gfEfed A fwiia t R fgee w5 T e e AL 3
T AL W11 379 3T 1 319 8, o of s 3o favivard S 5 Frison, wuen snfe ardt st
Afewte sy srisl e frer 2 :

LN woex s %, ford elie wmgat

(Robot Library for an Existing Computer Language)
¥ T rfii ranadl 1 cAeRlya HEL Ao a9 Jee F ffre waedw w1 aead % W ey ¥
e feemfiga fopar & (S ) | T ST Yo & RN b weRed S # s
TIVR & B9 9 9T TFA 21 TF 379 IR AR-BASIC R S srfent % famday (Cimfiex)

mmmw@mﬁwﬁﬂﬁw&fmmm&ﬁaﬁmma
IARS, 71 % Sz roeem weited B fehfEd €, 36 TE F e Wl e W W s @)

7 v e @t e & fog e @

(Robot Library for a New General-purpose Language)

. A8 Snnfi sroel @ i B & A0 TE TR WA SR aell AT @ Wi 5w
U ey @ v ) T TS SR e e A # | T o % e S
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78 SivefE qEle dgeet @ T

(Steructuere of Industerieal Robot Meanipuleatoer):

i Tare Afgere (A1 M) S A Joint 2
ﬁ@ﬁﬁmﬁﬁfﬁa@ﬁfmmm '
fop fior 7.9 3 femm T &, 9 9@ I HH Jo‘,,”//(,)\
& foru g 1 <@ AFEE & 3 § E R hoa ij”""’"a"“
2| s Sirs @ ASEAATeE # fau A \uf'
=1 foit % &9 & AT ST 2SR R JEe | 1 5
2 Srz & @ TEe & T 2 fell @ W@ e Base |

sy o= & eER W g §9 H =1 b A B % ik

e SR & 3T Jae T —
. A e (Cartesian Robot)
. SCARA TEIR

1
2
2} a:rrﬁaﬂaig & (Aerticulated Rgbot)
4. gaMiaL s (Parallel Robots)

1. ﬂaﬁﬁﬁ e (Cartesian, Robot)
mmﬁmﬂmfxmmﬂwﬁmw@ﬁmmélmﬁaﬁﬁ@
ﬁ@ﬁﬁﬁﬁzﬁmﬁqﬁmﬁammm%.ﬁm@ﬁ?ﬂ@aaméﬁ%aﬁ@@%
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qgm%ﬂ,n%ﬁﬂa%@ﬁmanﬁaﬁmwmmmﬁ?wzmwwﬁmm%
s 391 s T2 2 B @ FEEA w2

Linear Robot
i Gantry Robot
7.10—=hTErATAA A2 (Cartesian Robot)
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(i) T A

(i) T HEeH Sfehar

(iv) =9 YdrS

(v) SBd SEIE! M

(vi) ﬁﬁzaﬂtmﬁmmﬁwrﬂm%
qifai—
3% FAe F % I T o0 ¥ v i v 6 2
2. SCARA TEIE

SCARA ST HATS FHD I STHTel Jale 30 o1 S sarer snféspers fere o a3
m@mmﬁﬁﬁamﬁ_ﬁwm%vmhﬁ%mmm | SCARA =t =
XY-aaflﬁaﬁaiaﬁ%aﬂtz-amﬁaﬂm(ﬁgid)@ﬂ?%@xrﬂaﬁﬁmaﬂﬁ%mmmﬁ%l
Joint 1
o

&4

| Joint 3

Joint 4

(=) o
L ~—"o//Base

f& 7.11—SCARA e

T
SCARA e w1 wqdn srdiach, Safom, dafedvm ik weie aifen & for fapan s &)

Fm—

(1) =9 nfq emaredi
(i) -, iz st ol fieh-Te- Rercher § AHGR w&e

(iii) 372 (donut) I @k &

SCARA e =1 stmdR W drerd/diet S @ AR e o st wfta e e =
e 2 2

'Y
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3. nféaqeee Waie (Aerticuleated Robot)

TS fEagees Tae o Wit W & g TH Jare
& =9 ¥ yftufim foean 1 ga@ 2 3R A Jee W
q-Srg A W 10 71 ifies eifden Siel ol &1 9ohd
B A e fed s fag o vEw wEd © wifs 9 9
AT M § & ST 21 39 Uae) Sl =T e 819
& 9O B 2
FPrET— ,
AT A F1 3TGM Teresfim ke (d9), 7 |
@agt—h%ﬁmﬁ e EFIEEI, Tee-Te %?I‘%T‘T, 500 1st axis
i Yeire % T dded e, TR e W C@)
¥ fFw o1 T 2

«oa—
o i TG
° a’@mm
o g frw, Afcen i e & SwEmm

nf—
AR W PLC/PC S oEd ARl faas & o7amar gafia e frss #1 smeavasd 2l 2l

4. GHETAT Tare (Parallel Robots)
U ASIE HGHAR AAgeied T TG Qe wicHE & 9 § ff 9 S 21 gHeEw

Yz ©F FqFEF YOSt 2 S U TIEHH, A SFA-INEE F NI w0 & fau wE sogex-frEfu
Hifgd =9 &1 ST H @)

EEURINES
TUFEIR Teie 1 SganT fafim sfrenfies sy § fan S
? 92

o TR fAeX

® @mw

o & yfhaisti o

o  HRIfE/ATTHA B TG
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m.-—-—
) ﬂgﬂﬁﬁﬂrﬁ

qifai—
iy e/ A ST T R F2NeR ¥ e waita 6 fEaE F aEeEE g 2l
7.9 Tate &t T (Robot Motion):

#fqeret A 1 el & Us-3TG 3 = fafa siw sifafaam 1 308 92 T2 AFRRd % 919 399
 Fefaa € AT 39 5 3 9@ ¥ waE W AR A9 e A gl Agee e F ST
@ & Ue-3%-m = foufa i sfufe=ma & «fordg sfafafue @ difea 2

3 fefi-aiw-Then % w9 Q1 Ifqered = e +0 w

@ 00 (adiiFe Srg) e sie =

(b) RR (0T wg) ez S b o7 7.14(b) 8 femm ™ 21

Aare Hrgdiex § W (U, J,) FR foiF (L) Ly) 7 9o 38 A 1 fell-siw—%ien 2 21 %
et § n felt-afie-shien € A e Jy, o9, @0 &% L. L, ... L, 2

femme U AR 7.14(0) F SHER SSE-Esi Fe f5E F Amg S i fefa o, dm o, ©
fam7.14(b) H T 0, 3 0, B

fast 7.14 () 3R (b) & TSI | feafa it sifafema Frergam 2

Zz ﬂ\
- Ay
Jq L1 %2 —
|
End
M ¢ effector (x, 2)
0,0 e

R 7.14(a)—00 T f&7 7.14(b)—RR Tz
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sz(lla}‘ﬂ)

P;=(8,,6,)
mwmmwwmmmﬁmma@“ﬁaﬁﬁz%
§=gaa1ﬁ(endann)ﬁ:wﬁrpwﬁﬁmmaﬁﬁaﬁﬁzﬁﬁmmqﬁmﬁmmmé;

Pw=(x, 2)

5
«(712)

(1.3)
6 S A Teie ¥ form

Pw=(x,y,z a,b,c) (7.4)
X. Y.z, a, b, c H THE ool F & Wi

ﬁ@ﬁqoints)aamqmﬁﬁz%mmaﬂ?mwﬁm:
ﬂﬁﬁ?%@'@ﬁﬁﬁg@aﬁﬁﬂﬁaﬁqﬁ‘ﬂﬁﬁmﬁﬁﬁﬁz@H(jointspace)afr{aﬁs;@ﬁ(world
space)ﬁﬂﬂ%%ﬁ'{ﬂf%!mﬁoim space)ﬁﬂ'@@ﬁ(worldspaee)W%qﬁﬁ'ﬁwmqﬁaﬂ?

(forward transformation) 991 9¢€ g (world space) ¥ wiige &g (joint space) B Iftad =1 Y9 fady
(backward transformation) &1 ST 21

Xﬁzmﬁﬁﬁﬁa%%ﬁmﬂ%l

S gREd: X=X, and =),

979 IREdA: A =z and W, =
aﬁ.x&fﬂzﬁ?émﬁwnﬁ%aﬁxx] 3R ), Wz TR F guem W 3

o9 & RR Udie ¥ fau, o ufeds =) mﬁwmﬁw%laﬁmﬁmaﬂtﬁw
H 9 ¥ 391 & w9 ¥ @ g 2

ry= {Ll COS 91, Ll sin 92}

..(7.5)
...(7.6)

...(7.7a)
ry ={L, cos (0 + 0,), L, sin 0; +6,)} ...(7.7b)

R, ¥R R, % o 71 v Wy oM
x=Lycos 0 +L,cos (0, + 0,) ...(7.8a)

Z=LO+L1 sin 91+L2 sin (91"‘92) ..(78b)
mﬁm%m,ﬁmﬁmmmﬁWx,zﬁﬁwﬁmmﬁﬁmmww
faa 7.15 ¥ gftanfia ‘w’m‘ﬁ%’ﬁﬁﬁx@nw@nﬁwmm%n

i leaﬁzzqﬁé@ﬁgq,ﬁwﬁf@ﬁmwﬁaﬁaWelaﬂwezﬁﬁqmﬁmm
Tﬁﬁﬂ%:

X +z-Ly) -1 - I
2L 1, ...(7.9a)

{(z=Ly)(L; + L, cos9,) - xL, sin 0,} o
(L + Ly c080,) +(z - Ly)L, sin 0, -+-(7.9b)

tan 0 =
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"Above” (% 2)

configuration

“Below”
configuration

fo= 7.15—RR TEE o 1z Py

#7 e (joints) & WA T&H Vale & fou 3w i yy= afad:
o TREd F A, x ol ; Frwis B S we § T S EEd € o R feed RR TEe & fag
JEn fm s 21 o 7.16 | x 3R 2 % AF wonor R # ST aEd 2

x =Ly cos 8; #LycosA0; +6,) + Lycos (B, + 8, +603) ...(7.10a)
z=L; sin@, +'L, sin (0; + 6,) + Lysin (B; + 6, + 03) ...(7.10b)

3 % 9 FE (end effecter) SR SN AT HI0T

6=6;+6,+6, 7.10¢)

4

fat 7.16—RR W&




220 FYR TS feued T A=_ghafin
: /
e 3 (Jy) % fadwie fe E— ﬂ‘
X3=x-Lscosa (1.11a)
3=z—-Lysina - (1.11b)
T 3 ¥ Frdvie B W ¥ W, 0, + 0, % FEer # g & S A RR FEERE e
% TUE A
. i+ - -1
cos 6, = 2L L, (7.12a)
(z.(L, + L, cos0,) — x;L,sin 0,}
R Lt Bl 2) ~ X3, 2 e
! {5 (L, + L, c0s 0,) +z3L, 8in 0} (7.428)
Sre 3 % A frer ywR @ fuffa e saewd @
{112y §

@3=0t—(91+03)

210 EE YA a1 HE VA (Robot Cell or Work Cell)
ammmwﬁa%rﬂﬁzﬁaﬁmﬂ—mﬂa&%ﬁa%%mﬁmm%lﬁﬁzaf‘ﬁmﬁsjémm
@gﬁmﬁﬁaﬁza&@a(ma&@m)mﬁﬁwm%lwﬁﬂmmaﬁmaﬁ st 9 el §
<7 =l 1 F F T wifhe R S 9EANE = ST @ e el B §) Frderor @ weer foad
ﬁﬁuaﬁmﬁﬁﬁ%mmwﬁaﬁzmﬂﬁm%mw siftrepl 1 e o W € |

fa= 7.17—Ee 9

s Se oI H e ST 8 9 vew] W o ¢
. sz 99 Ta % fese § wafua fwd uw a1 0 9 aﬁﬁﬁﬂﬁzaﬂ?@@a@ﬁwﬁwﬂﬂ

2 g 2l
/A wﬁﬁwmﬁﬁmgﬁmﬁa%ﬁmm%mnﬁﬁuﬁmwmi
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) 3 X R T 3 w3 e e o
() FoTEF % Yo Waw a wpegiaem

e 5 ST TG TR A &1 wrien, 7 % e e e e o R

i) T ¥ T A

(ii) -9 ER 9% )

(i) TR a9 T
() e @ Th dw

Eﬂﬁﬁwﬁmﬁ,ﬁﬁﬁﬁaﬁa%ﬁﬁwf@mém%lmwaﬂxmaﬁw&;wm
@ﬂmﬁiﬁ'mmﬁmﬁm%l%ﬁmﬂaﬁz%mm%mwﬁréﬂ%nmm
& ST F T IUAF € et O whel T @ W s e e w3

Machine 1

NS

Input buffer Output buffer
r— e——
Robot

[

Machine 2

fax 7.18—Taz Ffa 7 8F
W &fgm ad ao & sEan
(a) 1-=nf=n 3 syefen ufe®9A (Loading and unloading applications)
(b) 2-miifH71 (Machining)
(¢c) 3-zZR-mfr=n (Dic-casting)
(d) 4-zm afezm (Arc welding) | o
() S.veqfrzs mfezn swam (Plastic moulding applications)

. R k Cell)
i) ¥3-vmg vz @ @A (In-Line Robot Wor o
TH W v B e T U - S A 5 bl



222 wr s feumed w dgheEi

M 9 79 YR AR fRa 1§ @ GRaed el g Aae @ A (parts) WA fy
WY YT USIE F9 THE0 I1 el SRIA Fl 2

| =3 == — -

Conveyor

Work part

Robot1| Robot 2

fax 7.19—3- 73w Tae @F /e

ST TN ST TR F ST FR ST B Tz F % for R S €, S SR W

s F IR F@l 2
-1 UarE 99 qd § 3 TFR F EeA-ToNel 1 ST R S 8 —

(a) STAUTaes TIFEIA (Intermittent Transfer)
(b) @ ATl (Continuous Transfer)
(c) 1 fash9 Tt (Nonsynchronous Transfer)

(a) TGS T Junet (Intermittent Transfer System)

FHES B T DA GRYA W OEA % 99 ©R-Ue-wI 1vA ¥ wHEaika fHar g W@
er%'la?(synchonous)@ﬁiﬁmﬁmﬁm%ﬂﬁ?wﬁﬂ'@'gﬁmﬂmmﬁﬂﬁﬁlﬁ%l
T YOIl 1 A9 GeE f FrEe #1 U& FfEd ™A | siEd 6 S § 3R A6 F w9
SR TR FEEY § IHEIHT a1 @ g
(b) {ad TMEI0T Wuet (Continuous Transfer System)

FAEE F R U A A F 99 AR ARG R S 2 e 1 % @g-wg Qee
F FH ST o1 21 o F O R off fiftee e & d@dy ¥ erige 9 fefy sk afufss
AR a9 @d 21 fET H Herdl § e FEe & TR % g9y § o Iueiv & any fefa
3R S T TEd §1 6 F FEE T @ R % GEAE o W A S A e
faeen g1 2 guen #1 #ifF €9 9 7 a1 1 g1 2

Y 3G T 2 yoned # freforad $SifEr g o e f—

1. Had ed 4R & U YAE HPIVAS AR e emard e e

2. TEre &1 e 521 vafa o & 2 9ifeu)

3. ¢ S & 9 T fafm el 1 weuE 0§ fou g faem)

4. @I F ITHV F YU Feld FIAGEES B oF I F a6l
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 Eass] ZE®T TA=T (Nonsynchronous Transfer System)

& “aR 8 W faed’ & am of S T 2 e e 1 fre o feedl § WA w9 H
ZWWWW—WWW%mﬁﬁm@mmmﬁ@zmmmgﬂfmm%,ﬁﬂﬁ
ﬁmmWW@W%lwmﬁwmwmm%mme
ﬁmmﬁﬁﬁlméﬁﬁﬁﬁmaﬁmﬁﬂawm—WWwwal
T ) T WA 1 e sie warers o= 1 ) qoen A aifees few & FArw woiF
ﬁmﬁm*mmammﬂ@(cm)%mammwmlWW‘@“"?‘
ﬁmﬁwm\ﬂﬁaﬁWMﬁfmaﬁzﬁﬁmmﬁaﬁmmmﬁﬁﬁ
Wﬁmaﬁa%wﬁmmfﬂmmwaﬁaﬁamaw%mwwmm
& < e F1 3 P X @ A e e S AR g e o
gonferdl 1 IO ¥ eI ST F7H e

©

(iii) WaTger U1 T Vel (Mobile Robot Work Cell)

wmﬁ,ﬁwwﬁwﬁfwmﬁaﬁaﬁ%ﬁmﬁﬁa%aﬂm,ﬁ@zaﬁqﬁaﬁ%mm
e e T €, S iR Thierse Sm TREEd 4 B9 Hee % @1 St e fawd @ W ¢ S
e %1 Hgw T W A TH F AR T 1 e T i BT 34 gfasEl & A Sew
3 £, el e 1 TF W AfaE R (S 7eE) MhEa w2 2, fed T g 7@ T
5 T 3 it TEe-Hfa Aot FEE § e % AUE- L F T T H S Tl 21 s
w1 4 T T TEE @ A g T ST I A DY F fon f ggw IwEdm fn S ) 36 T
i 31 feoed T ¥ forn DvEl 1 aeir # s W F ud @ U e 2

Machine 1 Machine 2
a 0O
4y Robnt Stop
Rail system floor mounted /
i— —_— Track
— ————m——

Output

conveycr Input

Machine 2 conveyor

N

Machine 1

fo 7.20—WtaTEe TEE 3% A
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THae e & omavas faamR—

o To W I TN & AU doveq

o TG &I fufy 3k sfufram

o FHEEE F TEEH

o €T T T

o STEIfEN

o FM HE # fEEm

e E{&T{

T ¥ e 3 & v Frfefed T8 W SE 31 Afee—

TH T & 3 TSI &1 GyNEA (Modifications to other equipment in the work cell): I
T T ITEON 9 TR J TTORY ST F U G W STavasEdl gt 21 faee JehR e fris
ITHO F THIFd G F fau @R fwn s e

Fdgs fufa 3k affa=® (Part position and orientation): F19@E @i 3% ¥@ ¥ faaia
FE F fau, (-39 WH &1 $91 & 99 6 G99, @fya fea s =ifew) A4 o1 92 9 4
FE T ¥ (o0 FEES F I G iR =g § 39 9ty FEEe W 999 31 ORE FdEe
Af9fe=aE & ga@ T8 e el

FAGS & TEA (Part identification): afe F1Es T% ¥ 31fus YHR F ¢, 9 @afed Qe
Z/1 fafiE 9l F TeuH F F AvEHa B, 99 & Afesa -, gahg aes @ g fam
S faft TR 1 I &1 SUEd Bl Seaiae 2R &1 SYAn e ¥ Wiy W fRa s e © afw
T F1E 50 F T IEER 9 A0 S 979H H A FH

qgieer | Ee & 'Fi'i'&NT (Protection of the robot from its environment): T ufem, &fe e
T HEITE, ATTEF FFAT, U T Hele SwEn S8 SHwEr ¥, e w1 gaifad vl
AT § S9E SE et

IGIfTETe (Utilities): 9fedl & fou fasiell, a1 ik engifes <am, 19 ¥ fau smawsast ™
faan fe 91 =1few 3R wem fean s =few)

& Tl T FJ0 (Control of the work cell): €2 H1 Tfdfafu 1 3 a1 F 231= ITFON F
19 gEf=d fear s =il

FIET (Safety): F14 Fa1 § THT TR&T % ITA S AL, Y, A IFF AHUH FW F T
&y FAHH YOcl Y H 9 916Ul 98 FM Ha & fesed & yesmd wwon o fem s afew

711 9% A« g0 (Work Cell Control)
Fd Ha F1 @ go T Q AHEA PR, A g i gean Fr 2 —
(a) THA 79391 (Sequence control)

(b) FIE T2HY (Operator Interface )
(c) Fean fRFR (Safety Monitoring)
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(a) TR T (Sequence Control)
wﬁﬂaﬁmwmm@mﬁmﬁm%
L. AR % Srphm 0 fafra
2. T WA R w5 g
3.??"&’?%%%% |
4, St Tl 21 e i A st e o wrEs A e
W ™ 2 R
5.%ﬁzﬁ¢mﬁ§mmwwél
IIELT
@ﬁﬁﬁﬁ,ﬂhﬁrﬁﬁfmmmmﬁmé;
L W_W_Wmmwﬁ(mﬂﬁ?)wﬁmﬁmﬁmﬁl

;
i
i
;
:
.
g

- (b) GO TR (Operator Interface)
%W%mﬁzﬁﬁa%mammﬁﬁmwmmmm% TR 3
= L A | ARR TG

I T&ie H S, HefEa e S (update) FE

% ﬁqwmﬁmﬁmawwmm%tmmmwﬁfﬂmm
%ﬁﬂ%mﬁﬁqaﬁtﬁcﬁmﬁaﬁaﬁwm%ﬁrm%maﬁm%u

3. UMa TR g 22 wfafte fran wm 2

4. S9dHIc Tfafateat S A

(¢) e FAmFt (Safety Monitoring) _

eI #1 feafd & o @k H A T F o0 O Toh ARER F o G 2
(Rt sirara feaf girem SifoRex 1 GETST T W T 2 €)) gafery, Ao Sw H wwen sk
mﬁﬂﬁ'ﬁ#mﬁaﬁ%mwﬁwmﬂ%ﬂﬁtﬁmﬁqmmmém@mm@
ﬁﬁaﬁﬁmnﬁm%mﬁmmwﬂn@aaﬂfwﬁaﬁmﬁﬁfuﬁfqﬁﬁm%ﬁmﬁmm%,
e srefis o1 wenfam srqefi Feaferdl 1 T @ 1 | X -l YR % SR ¥ R 3w
W e % 3270 & fau foran o1 whal 2, SR F oy, T T, o wieee Wt e, yam
WiT, ok i gfiel
- Frefafen war & e fore 91 ol oitfefe ¥ sihen 33 % fru sm fem T d—
o qF wfafafeai &1 i I8TEl
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. nﬁaﬂ?ﬁﬁgﬁmﬂiﬁzaﬁﬂﬁraﬁ@ﬁt@awmﬁm1
o TETENE FHA H TG HA & fAU IaqmEr
. Wﬁﬁﬁwmﬂa@mmﬁmﬁa@ﬁﬁ%mﬁﬁﬂmﬂmﬁmml

7.12 m (Interlocks)
toeit 79 % FT T ST A A 1w FeE w v @ g9 FREN

ﬂﬁfﬁmmﬂawmaﬁﬁﬁmaﬁ@a@ﬂﬂﬁ@ﬁﬁw%,sﬁnﬁﬁfaﬁ%mﬁﬁﬁﬁa
m%lmﬁ%wmﬁm@m%mmw%lmmﬁﬁ@ﬁ
¥ fore g9g N sgaE W FqEfd 2§

frafafaa stw & fag seals & 3TN fHRan STem—
ﬂﬁgﬁﬁﬂﬂaﬁ%ﬁqﬁ%&uwm@aﬁaﬁmm,mmﬁaﬁﬁzzﬁm
F P F@T 2
. m@mmmﬁ%mﬁmwﬁmm%m%mwwﬁw%

. mgﬁamﬁ%mﬁmmmﬁmw%aﬁa‘mﬁﬁﬂﬁwéﬁl
Soveits @1 & Tl & fawifa fRan 1 wahdmE—

oﬁ'ﬂzm

° Wﬂzw
¥Ye §STElh (Inputinterlocks)—sﬂgzgmﬁﬁﬂffﬂﬁﬁﬁﬁﬂﬁﬁ A T Hohall T YA

0 #1 % 93 23 £ 5 go v @ QU R T # i FERRE F FH T @ wehdl 81 ST
%ﬁmma?ﬁmmm@mﬁaaugéﬁaaﬂﬁ%m@mﬁam%ﬁ?mm%m
foran T 21

JM32Ye Fet@id (Output interlocks)—3AEIS SoTElE Frigs | 99 U Hehdl 1 STEN T
¥ ¥ 371 UGN A1 T & AT AT 1 A Th YE F K foq WA B h Heha 27 o faw
w%ma@%m%lm@ﬁﬁwmwm%ﬁﬁﬁammm
St § Ars feaL T £ ok e AR @ gRE g W A S T @) 3 Rl Fsmar ® S
Sovelts Harem A Fuifa e s ) w1 F Fi fesTed I A, T 7 e WHE SO &
2R weel ¥ frafe sgEA W fER T ey, dfew @i st sk e et w o fEr
T =ifew) Frafia e 8, fafvs el & @g-Tg Tafafed # wem S e, o @ § o

HAGEF WAl B G FE A

713 Wi ﬁm (Robot Sensor)

FW e otk sraere F amEe F saifida s siifaes o0 6 TaGT A SR AR % fog S
o &1 I fufy, s, 3, @O-q0, STER-I9, &U-A9AH, YT, 9R 3fE



Qeifead 22?:,

) et wTS (Ultrasonic sensor) (b) 2fd ®¥T (Torch sensor)
g Fe B A W g frm o w4
o IMF HH
L 3@ W

| FaftE da7 (Infemal\Sensors): HAeh A/ =G Ta & IR ° SeErl e S €1 S ffa
gy, &N HEY, T W, WX T (torque) A, afz)

fa7 7.22—(a) ToTVIA WETH (Optical sensor) (b) &I @UT (acceleration sensor)
(¢c) AT WY (velocity)

AR HET (External sensors): a8 97 HUE & @A § AFFHR ¥eH &4 &1 99 awed

WA AR 8 FEF T TFd —

™ duy: [REFAT, a9 19 FEE, e qar A

Wwth 3l frmzar @87 Photodiode. IR f223=23, RFID, 71 #fa)

¥ HHT: Strain Gauge Transducer (19 TS ZEETAY) Piezo-Electeric Transducer (UTST -38ifaR e
3”-‘?5[“’) Megnetostrictive Transducer (ariffaa TEeT) el

114 'ﬂirz GIW'I (Robot Applications)

B fifverm st ard, < fa 2fae i, WU wifen, =i afee, fw s afegn, @ e,
M wiy sfire 48 s ffoe &M TR AbE FEEW F FR T @ A §9 A
R e w4




| S s e

sheifies SEANT (Industrial Applications): :
IR FEEs B

(i) TET¥ EeR (Material Handling)—<1 I g & ot W W
Are 3l e S0 ¥ faw A8 F I R T E—
(a) TF TYIA Hi IO T T e (a robot tending a single machine)
(b) FT " H |a1 23 91T T TSI (a robot serving several machines)

Workpi/;::e
o 7.23—3fefie Jrae
(i) =T (Welding)—
(a) e AfeST W@ (Spot-welding Robots)
(b) 3% AfeeT T (Arc Welding Robots)
(iii) B A& (Spray Painting)— T Tare 3= &I ¥ 2n & oin T frafafen faRsand
e
(a) Srgare fAgomar #1357 &L (high level of manipulator dexterity),
(b) B2 MR FEdE ST g M i 73 (large working volume for small-base manipulator),
(c) ﬁﬁ'@@é@zﬁ (compact writs),
(d) BT Jare (small payload)
(e) ¥4 Fwal #R Wﬁ'ﬁ"[ (low accuracy and repeatability)
(iv) €4, (Assembling)
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v) wyftfa (Machining)
(a) T&feT (Drilling)
(b) TSR (Deburring)

5, I FIAT (Other Applications)
(i) fafear (Medical)
(i) TR (Mining)
(ifi) HSEX (Underwater)
(iv) 99 (Defence)
(v) ToI&m (education)

fox 7.24—f% ¥ qee &1 @

(vii) ARG (Space)—aialel favm & e ww Jaied F fdiwand 2t =fgu—

(a) FileeIg 3R [GIECEEs] (Compactness and Lightness)—J4ie & a7aftey § Y03 Ht AN
W8 3% FHR 3R a9 | Faft[ 21 39 o Jee eek a9 ¥ ER SR

(b) HASSdr (Robustness)—U&IE & Y AT TSTed 1 = ifgu

(c) 3@5@’1 gfaer 3R NWW (Versatility and Adaptability)—t=rgur (exploration) ®
el SR Widifas €9 ¥ A €, YHed F Y9 9gM % A SgHed awa 3=

g =g



230 R RT fEwEd wE Ay

puemk ek ek ek et e et e
N0 LA W N = O

X XN A LN -

e FTH T R, T W
e & 5 W froqoft |

e F aftar Hfd aen o e/ w ywmw St

Tefesa &1 == fram @2

e F fafis wr 3«0 yone s

T2 RY WA 1 9 Al S 22 e

Teie fFa R ¥ 22 frer gde 3ol

siteifis e igdex 3t o wemwEw)

SCARA Iz % #/ &9l W W& ST 9 3931 9 iR i &1 Scora #ifa
TEe #t fa F Frdfim 1 o 22 Sfaa wie g Sy

. TEE S | Y 1 99 827 SHEy
. 9% | 0 @ 3y = wwen 22 A R TR F e Y0
. ¥A& (Interlocks) W feooit fead)

Az FW (Robot sensor) 741 B 2 Ve .83 % T3 S Toew)

. fafim &= & e F gwErT # avfa &Y
. fFa yor & e Mee =1 svE fwn s 22
. & e Qe wt T fadand &2

L

Qad
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PRACTICAL No. 1 "\{

3T (Object):

Hiers %+ ITET ey
St 3D FA(E N YEeH Fm

1. ARRAY (Pattern)

TWW (Array), iy (mirror), TIH (rotation), TrHAYH (translation)

Oﬁginal%

fax P.1

f& MT Blue Circle =1 Solid works ¥ Pattern command F HEHIAT ¥ Hﬂﬁ j&l
T TEe) iR # i O o o 2

23
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SolidWorks Prerriium 2014 x54 Edition

B2 Circular Pattern I T Axes of Revolution I1fgT 1 faF 2 Circle % Fg Y oTread SITUTM| Axes

Editing Part

fa& p.2

1 activate 3 F T View =1 TF T View Temporary Axes T I919 &1|

s B2 gF a; hole (Extrudéd Cut) W fas #d 2 f& Toolbar ¥ Circular Pattern T fife s &

w&u an *lth

/ S v ’ e~ = B 22
[ “P @ Swept Bcss/Base rj@ @ t{a Swept Cut s
\ /3 Lofted Boss/Base Extruded Hole Revotved (] Lofted Cut et T
Cut Wizard Cut
) Boundary Boss/Base T Boundary Cut -
E - &8 32
» - - - By -
*\' ol o
’ @ N I-o
Y Pait2 (Defaul<<Default>_| =
History -
(5] Sensors pIEE
\J Annotations = @]’E’ ok 5 o pat]
= Material <not specifiec> S View ‘l’empomy Axel
2 Front Plane Control the visibility of tempo
__zk Tﬂﬂ Plane axes,
23> Right Plane
-4, Origin
& I8 mr:mau
@ EE T
< R T A ., i o [ [
Model
SohdWorks Premium 2014 x54 Edition Editing Part

faa p3
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. g agcircle F I B as a Revolyi :
} ot <@ enter F T ing Axes i T& T4 ¢ 31 Equal Pattern W foerdh &Td ¢ it

fex P

2. MIRROR
': 1. New Part s910 8—

S SOLIDWORKS

faa P.5

= o A e e e



LY

i

a 3D arrangement of parts and/or other assemblies

a 2D engineering drawing, typically of a part or assembly

o= P

)

fax p7
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Tl
QAASE- P @R

B T I L =, TR

ma:m mode; T4 & G4 Plane ¥ia F3% Mirror icon W click #Xd €1 AfE Mirror FEaI
%78 % 9 Insert § ST Pattern Mirror ¥Mirror W faei w1

S SOLIDWORES - ) L . oo Riptdt .9 - B =
S p2 4> |- s«:ma&nm : g , ll swept Cut )
ptredec  Resowes L Loted nf‘m‘-u trruged  Hete Bevowwed Wl totted Cuon Eliet ioe

BosiMare BoivBase

Cut Wirara A

T Mm Bosi/Dare

11'5 lound.lryCut-

1 —:uanamw > - & - G

» Parts (Default< <Default>_,. -
£ m History 5
{B)] Senior .‘;"'

#-[A) Annotations
4= Material <not specified>
25> Front Plane

= ke Ungin "

l im Bon Erudal ",
l:}- . -Exrude ",
5 .\

e et
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3. PR A e ® Right Plane % 3 Mirror Image s ¥ fore fag § fa@ © T & %9
options 1 A FId ¥ 3 ¥ T Model F1 S Mirror Image W<l Bl 21

—

fa= P.10

3. Rotate
1. Rotation origin % coordinates %1 ﬁqﬁz %) Default'Values, Object % center of mass

coordinates BT 2—
* X Rotation Origin (e

¢ Y Rotation Origin (;;
* Z Rotation Origin (o,

2. Value Set F3d §—
¢ X Rotation Angle m . Angle around the X axis.

¢ Y Rotation Angle m . Angle around the Y axis.

¢ Z Rotation Angle S . Angle around the Z axis.

"3, Click’y?” .

4. Translation
Translation &1 ¥4 79 g1 @ 5 foret fa9m fawn & Object & Movement, S&f% Rotation &
Object 31 fa9Y IV W rotate FI
1. Move/Copy W foreter &td &, forerd Property Manager active & STQ| Move/Copy T option,
Insert Menu ¥ it select fomam = ¥aar 21
Property Manager &1 page fe@mom—
* Translate/Rotate-Move/Copy/Rotate F%{ % T Parameters &1 faivor sea &
* Constraints-Object % Y fargail i few ¥ Translate/Rotate FT ¥ ferg)
2. 379 Property Manager % 3d #, $3T9R Translate/Rotate 31981 Constraints T fore 3 £
3. 99 &3 T R # arEo w—



! i
=M W right % FT R f9998R options T aﬁ%ﬁiﬁﬁm TANT FETIFATAR HT B
PANNING—S4 Object =1 fa 1 disturb T Screen #1 randomly move STl Brar 2 A 9 'Fl't'fl"l
&% t1 Mouse ¥ Rotating Key 1 press f& 'g'a ThA &1 Drag %% %I

fa= p.11

g-?omG—Objecti?l 21 AT B2 FH G % eIt zoom in FAT zoom out T FHHI; T4
‘ Z@ln. Object %1 real size change T8 F1 2l
| ﬂmc_arm frafii SOLIDWOKS SIMULATION # U ﬁim tool ® foreat 3wdm Plotted

el fifde e 1 srem-srer & 3 e fora o 21
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| st ok i om0 2| 0@ 0BG e B ‘Q“?Lx{ f
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:Izm € e Demien o m«‘uu + (@ oo magrtor ot 8 Mg et
o S _ :

8 oo PEEREE U+ 80T e e

SN Y
f‘ “ - ‘ ;v
Lo Tl i

: L ]
[ Top e e -.'.:e-m :
() rgepune |/ e
L. orgn B Lt Seected R
< snem
% Ocomed heut . Rl

e SRl w0
O Sexic (Defaui) @wu oL ANeml
¥ ot 28X | Y8 e
» gm as""‘- s
Qe | 2eM
T3 e Optione l[“'" 16
v mu !X Deise 108ee8t1

§ Ospicomont (25 dop) | ‘ i
§ o i) 1 Py
I_ —p e Srengtx LiTee B
,I w e e s L e o ——————————————————— ,7H_________‘4J
T T Oen ey WSt [ r
%mp—nmwm — e 9
fa= p.12

Iso Clipping =T 931 &4 @& 915, Property Manager Tab Brem S € e =91 Iso Value 92 F4
F EvEFA Bt 21 TF 919 B Iso Value I FFd 2



fa= P13




240 g 2T femea wd Ay

PRACTICAL No. 3

IRTT (Object):
CNC Programming for turning operation.
40

20

40

100
80
50

100

o= P14

CNC PROGRAMME
N05 G94 M06 T0101
N10 G0O X0 Z0 M04.8600
N15 GO1 X50 F30

N20 GO1 Z-40

N25 GO1 X80

N30 GO1 Z-60

N35 GO1 X100
N40.G01.Z-100
N45/G00 X120

N50'G00 Z10

N55 M05

N60 M30
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Pl (Object):

NO5 G55

N25Gl1 Z0

N40 X42 Y38
N50 X47 F300
N60 G0 Z100

N65 G49
N70 M30

|

PRACTICAL No. 4

CNC Programming for pocket milling.

42

[

_i_____

Py

22 _\
Depth 6 mm :
Depth 2 mm
3 L
&
VAN
R B S s
‘ G4 a 20 A
54
faF P15

N10 M6 T2 H3 G43 M3
N15 S1000 F60
N20 G0 X9 Y9 Z1

N30 M98 P030035
N35 G0 Z1'G90

N45 G1 Z-2 F30

N55 G3 X47 Y38 1-5 J0

PROGRAMME—Milling Cutter Dia 10 MM
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39T (Object):

PRACTICAL No. §

CNC Programming for profile milling.

Thickness = 20 mm

20 40

30

40

20
\

i 100 40
20

SIMULATION MODEL

fax P16

ABSOLUTE MODE (90)
G90 GO0 G54 G17 G21 G95

TO1 MO6

G43 Z50 M08
S1000 M03

G90 GO0 X20 Y20
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E _—
601 Z-20 F100

690 GO1 X120 Y20
G90 GO1 X160 Y60
G90 GO1 X160 Y140
G90 GO1 X120 Y190
G90 GO1 X70 Y190
G90 GO1 X20 Y140
G90 GO1 X20 Y20
G01 Z50

G90 GO0 X250 Y250
~ G9% MO09

{  G90MO5

G90 M30

PRACTICAL No. 6

¥4 (Object):
CNC Programming for facing and drilling.

FACING

@54
l @50
=1
Ca i

fex p.17
CNC Program
%
N10 T03 M06
N20 G96 S150 G95 FO.1 D2500 (D = Maximum spindle speed)

N30 GO0 X54 Z-2 M03 MO8
N40 GO1 X-1

N50 GO0 X200 Z200 M09
N60 M30

-




044 wrEX TS TesTeA T AgHaR

DRILLING

p————110.00 15.00——1-—-‘
[ O\ Ls
p s ”\D) ]
Ha.00 Countersink
4 x 310.20 mm
M12 x 1.75
i ——) |
e’ =
fa= p.18

00001 (SPOT DRILL FOUR HOLES)

TO1 MO6 (16 mm spot drill)
G90 GO G54 X-55. Y-55. S2500 M3

G43 HO1 Z3. M8

G81 G98 Z-6. R1. F200.
Y53,

X55.

Y-55.

G80

G0 G53 Z0
G53 YO
M30

%
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| ' PRACTICAL No. 7
| M(Object):
perfonniﬂg operation on trainer Lathe.
STEP TURNING
75
75
100 60 e B
2 7
—3 % ] 1 B =2 __? L . :
First cut \—Stalﬁng point & \—Starl.ing point
V) econd cut .
end point
fa= P.19
Parameters
First block
Parameter Description
U Depth of cut.
R Retract height.
Second block
Parameter Description
P Contour start block number.
Q Contour end block number.
U Finishing allowance in x-axis.
w Finishing allowance in z-axis.
F Feedrate during G71 cycle.
S Spindle speed during G71 cycle.
671 Turning Cycle Overview
* G712 =k R Countour HI TR~ e & St p Q weiten ¥ fean e R
'ﬁaﬁaﬁm@aﬁumaﬁﬁummﬁﬁﬁHMGﬂm%u
* Y-t UW finishing allowances # S o 2 §Ha € A MY G70 finishing cycle. % |
T Fdl FHAT 9ed €
' F3fin wie § sk § fisa wits (Iws-wiie 3 ) 2 S G71 =M =% & e 3w H
IJ St 21

L
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246w TS fewm wd d=giherafin

Note—PQ &% ¥ 3ict fgu mu F sk S &1 Sw@m G71 =fin =% % <M 7@ fofan s, % Gy
fefifim =% % Y 3w fFa s 2 afy e § s S )

G71 Turning Cycle @rdifafy
N60 G71 U10R10

N70 G71 P80 Q90 U3 WO F0.25
N80 GO0 X60

N90 GO1 Z-75
W& G71 2 =56 wer S @ g s frefataa SgEe J fE s —

First-cut
1. IO YR fag A programmed feed % W19 X-314 U (F2 1 TEAE) W S
2. IUHTT X-3T1 H T F WA T FIM K- H o fig PQtRT H fean w R
3, SUHT At A X-X 3R z-ufEa (45 feit W) SHLE RUfw Freer 2
4. IUHU SN F YE T & fou Z-o1@ H A FW e

Later-cuts
5. IHTO A W 3w He TETE TF S B
6. X-axis (first-block U depth of cut) ¥ wie % g T HA Il 2
7. 7.3 N HIs 9 % Y TR PQ-blocks B faw T 7ig=x fag)1
8 TYFI X-axis 3 Z-axis SW-amount (45 fel) & G0 ¥ 93 T €
9. T& I ¥ FaAS Z-axis ¥ start point F T =G 2

80 10 20 30 30
f
= \
= =] o
© < P z_
b a
c
a] | %‘
e
— S _
| e =
~—— N N S —
N = o e Ll
Starting point T
(200, 10) :
2% 2 ?‘
1Lx

fa= P.20
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ngramm!ng

Nj'OGw X106 Z5 M3 S800
}éﬁOGﬂ UI0RI10

N70 G71 P80 Q90 U3 W0 Fo.25
N90 GO1 Z-75F0.15
};100(;00)(2002100
N110G92 S1200

N120 T3 G96 S150 M03
N130 GO0 X106 Z5

N140 G70 P80 Q90

N150 GO0 X200 Z100

N160 M30



el Uul-1 :

Te—aef ¥ & T S
L R q vwlt ¥ s Sfm—
(@) CAD/CAM ¥ fau sepe faeen &t €= 1 ®?
(®) CIM fa=n % yq@ @ =1 aof7 =
(c) CAM ¥iFa1 & yge 81 a1t <01 st SHesd|
2. %= QN F s AR—
(a) fFR q feoma s = famr | avfF R
(b) SECTION, SHELL, 3R SEPRATE %Hi %1 S9dI1 s
() 2D iR 3D wftad ¥ fore wferm, e, fem, T S fFafiT HA0S H1 3
3. fFt <y & sw SfE—
(@) oTFHACE The ¥ oMUR W UE war i wufhdiy e & o . ey @2
(b) Wicw WY 3R IR DY & ST FY FA 82
(c) Frafafaa & ¥ fedt @9 =1 wfiafig Si—
(i) W& (Projection)
(ii) W&9UT 9 (Plane of projection)
(iii) 9% object
(iv) g9 f9< (Observer-or:Station Point)
4. 5 Qq W & IW S~
(a) CAM wuTelt A NC U™ sHH & 98 993sdl
(b) CAD TIRII V. .CNC U3 F ST IEH Ut 1 auiF il
(9 ¥ ¥F gHeE
5. fFs Sy SW S —
(a) /0 A3, TS TEY AN R TGl & AR W I T HL
(b) SRA ITHTIT F TR0 G|
() “FMS Frer 3R fsor yomelt 1 v )
6. fF=t & avl & IW qfa—
(a) WA-Wd H I FEfor & wEm w4 872
(b) FDM i &% 3R € sasy|
(c) 3D d&FAs & Y fF Wi %1 S fF =1 9 €2 Seord Wl
7. {58 @ w9 & S HfR—
(@) &R & fafq= ar it S Jomel g ?
(b) e feFa ¥R & &7 @R e vl W)
(c) fafim & & e F AWER F1 q0H



