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IRRETT FAfT gk
(Unconventional Machining Process)

RIS FMAT 9fehAT T Non-Traditional Machining 7 &gl ST &1
ORI AMAT T 3ATT 37 FBR (Hard) 3R X (Brittle) werdf S #wefifelar & forw famar
ST 8, e 9RuRe ALMST S Lathe, Milling, Shaper, Planer 3¢ & #7fd FT HideT AT
3EHT g g
3o Yerdi # Carbides, Stainless Steel, Hastelloy, Nitralloy, Waspalloy 371fe; enf@er &1
T A AT T A FGFArAT AN, HARET AHeTauT, fAAge Tl 3R 37 3egmem A
39T gl § ST

e 3Td Strength-to-Weight Ratio

e Heat Resistance

« 31 Hardness 31X Toughness $T 3TaeTshar 81T g1
qRaRer FMNfAT H:

o FNHT F 340F gHAT oforar ¥

o Surface Finish && gidT §

« Accuracy (TCIehdT) & gldl &
Safeh IRRETT ALMfHT #:

o FHA AT H AMT AT §

« Surface Finish 3i¥ Accuracy Sgd 3T glar g

RN FMFAT 7 &7 ge (Metal Removal) & forw frdlr o1 fanelt wopre &t et

(Energy) T 393191 fhaT SITaT &, 3R 388 Tool 3T Workpiece &1 e @ush g gar|
gTellich, & HIFACl H Ig Ulchar Agel, THT A arelt iR Ffker snpfaat & v wfea ar rdera
st & T &

HRRETd #FefifAT ufthar & amsr
(Advantages)
o 3Td TEHAT (High Accuracy)
« Sgd 3T Surface Finish
o SIfeel 3MRIcAT (Complex Shapes) T HMfT mare &
o Tool Life 31f8 gt &
« Metal Removal Rate 31f&i& gidr &

IRRETT AN gfvar fr gAar
(Disadvantages)
o W ¥+ Eﬁ?ﬁ' %'

o FAA (Skilled) T H ITTLTFAT BT &
o Setup ufhar Sifeer 8T & w




HRRETT FAfAT 9fshar F yoR
(Types of Unconventional Machining Process)

1. gifF ST reRd Qe #wefifaer
(Mechanical Energy Based Process)

1. Abrasive Jet Machining (AJM)
2. Ultrasonic Machining (USM)

2. TERfF FaAT ITenRa 3rq7u T Aifaer

(Chemical Energy Based Process)
1. Chemical Machining (CHM

3 fega-tarafas s srarera wefifaer gk
(Electrochemical Based Unconventional Machining Process)

58 YR & wefeer A Rega ik Twrafas e 39 X aig gers S
sUh YHK:

1. Electro-Chemical Machining (ECM)
2. Electrochemical Grinding (ECG)

4. ar9-faega Feit e IrqTeRmErd Fefifaar
(Thermo-Electric Energy Based Unconventional Machining)

58 Uishdr ¥ 3eq av AR Rgga Fer @ 39AeT fHar S B
sUh YhK:

1. lon-Beam Machining (IBM)

2. Plasma Arc Machining (PAM)

3. Electron-Beam Machining (EBM)
4. Laser-Beam Machining (LBM)




IqIAE St TR rRREra Jffaer gfssar
(Mechanical Energy Based Unconventional Machining Process)
1. Abrasive Jet Machining (AJM)

Filters

Power and Supply

'_E Mixer

Exhaust

Pressure

Regulator Moz2a

Foot Control
Supply Vibrator Valve

Workpiece

Abrasive Jet Machining

Abrasive Jet Machining # 3= 3 (High Velocity) aTell @Y 4T, ATSEISIA AT FTael STIATFATSS
AF 1 39T FAT ST g, orae Sgcl DT abrasive T (TSI 0.025 mm) el g1l gl
g oic & Aaa aRFEufaat & workpiece Fr Fdg 9 STeT ST §
S abrasive 0T workpiece T Tdg & cald g, dl:
e TAE W BIE-BIC shah (Cracks) §1d &
. FHIM cea e arel §
. ﬂ?@fﬂmabrasivemﬁgﬁg‘é%n@%%ﬁaﬁmﬁm%
S gishar #:
o 3T FT cEG AITHIT 850 kPa BT &
o Sic & T FIHIT 300 m/s Th & Tehell &
. Sic & 9fd #r Valve gart afa fear amar &
AJM &Y FITFAT (Construction):
sH 9fhaT #F TH Mixing Chamber 81T g, T9T@# [3<T abrasive &UIT &7 39T THAT AT &:

e Aluminium Oxide
e Silicon Carbide
o Diamond Powder
o Glass Particles

ST abrasive SUTT &I gaT AT AW (Nitrogen AT Carbon Dioxide) & ATY AT ST &1
Mixing Chamber & I fA#0T Nozzle T 1ol ST &1 Nozzle S Holqd HTHA T T &I &,
ST Tungsten Carbide

Abrasive Jet Machining (AJM) & T8

(Advantages of Abrasive Jet Machining)
o Jg HOR Yeryt S Composites, Ceramics 31T Glass F1 Fiet F T&TH ¢l

o 3 et & AU IugEd § S 3T A1 @E Ad X aHd|
« Hard 3iX Brittle materials # Sff¢el 3Tl (Complex Shapes) 3T & &S ST Hebell

3 N\\»{

4




« Heat Sensitive Materials T #NT & AT 39gerd gl
o YRfAF AW (Initial Cost) F37 8T B

Abrasive Jet Machining (AJM) & grfarat
(Disadvantages of Abrasive Jet Machining)

. I TH AL uFATE
« Flaring (¢ =isT gl) 31 g ¥ehell &

« 318 T@I@E (High Maintenance) & RUT Mass Production % faT 39g#a 7@ gl

« Metal Removal Rate €T 8T gl
o Nozzle T f8HTE (Wear Rate) 37T 8T gl
. #TeNfer & s1g falReda aw$ (Additional Cleaning) T 3Taedshdr gl g




Ultrasonic Machining (USM)
lachine Head —l

| oo | Power

2% supply
Electromagnetic a
Transducer E E j

. s “he Connecting Body
Ultrasonic Transduder|
Ultrasonic Horn

/

Tool Holder

Abrasive Tube-

_ Abrasive slurry

& Workpiece

wWark Table

Abrasive Slurry

ULTRA SONIC MACHINING

Ultrasonic Machining # Ultrasonic d3T 3c9esT I STl &, Sif Magnetostrictive Effect & #TEIH &
Yer gIdr & 3R so¢ & w9 (Mechanical Vibration) & gRafdd far arar g1

59 FMfAT gfshar A workpiece & YT &Il I FI
e Micro-chipping
e Erosion

& C@NT foham SITem &, forea 3reda g&A abrasive 0T aTell slurry &l 3UAET fRaT ST B

I fafr (Working Principle):

o Tool &r T8I 20 kHz & 3MgRT (Frequency) T &Usl T &

o HUA T Amplitude Ige FH gell &, 1978197 0.0125 mm & 0.075 mm |

« Tool FI 3SR 3T cavity & AT IT ¢ Tora #LMT fohar ST gl
USM &Y |3==T (Construction):
sq 7AMT A 5T H19T B &

«  Electro-Mechanical Transducer, it AC supply & SfsT gl &

« Velocity Transformer, St tool &I HegAT & Uehsdl &

o Abrasive Gun, ST abrasive slurry 1 il & &
Abrasive Slurry = Abrasive 0T + YTl
Ig slurry tool 3R workpiece & @I garg & AT varied & AT &
Ultrasonic Machining (USM) & &TeT

(Advantages of Ultrasonic Machining)

o TMfHIT F 1€ workpiece H HI$ 3rafdse d=r@ (Residual Stress) sT&r &Il
o AT FOR IR IR gSr AN @ #qMA T ST TR &

. wgd 31eT Accuracy 3R Surface Finish 9red gidT B W}(




HdTeleT ST (Operational Cost) e gIdT g
TE WfERAT TATEROT F 3R (Eco-friendly) § Fifeh:
o WS TEfAE FfAFAT FE g
o g HUF dT 3ol 8l gl
o I§ RIHITABAAH &lcT &
Ig gfshar amfd® (Economical) g1
Sgd] Efficiency ITcd T ST Hehdll &l
Ig Conducting 3T Non-Conducting &=t SR &1 A&l & foIv 3ugea g

Ultrasonic Machining (USM) &Y g1farar
(Disadvantages of Ultrasonic Machining)

Metal Removal Rate F3 glcll &, SEIAT &3 cavities & foIT 3ugerd &t &1
YRS RT3 Tool Y aRIT 3fAF T &

Tool & &A@ 31f8& gle¥ & FRUTIR-GR Tool FEe=AT ISaT &

Soft 3 Ductile materials & U 3uged =7@r gl

Power Consumption 31fI& gt &1

Slurry &I IR-gR SEelal ISl g

Tool Life FH 81T &1




TAEfAF FaT TR 3RETd #Jefifaer

(Chemical Energy Based Unconventional Machining)
1. Electro-Chemical Machining (ECM)
Electro-Chemical Machining & Teh Electrolyte, Current Carrier & &9 & & HdT gl

Tool 31X Workpiece & &I 3T a1 & g« araT Electrolyte, workpiece & f@eholet dTel Metal lons
P i el ger &ar 8, fed I tool T S&AT (Plate) 78T g1 Tl

- Constant Feed
tve ve Pressure Gauge

* Pump

= N
\ ) { 4
% Flow Filter -

Meter

Insulating TI

base

ELECTRO CHEMICAL MACHINING (EGCGM)

Electro-Chemical Machining (ECM)
Electro-Chemical Machining @ Electroplating &Y 3erél 9fshar (Reverse of Electroplating) &gT SITar

£3589 ufshar & Affiea ¥Mf®T ¥ (Modifications) &7 3uaer Rt @t & fow Far s &

e Turning
« Slotting
e Trepanning
e Profiling
soT ey Ufsham3il & Electrode & Cutting Tool & ®F & &RT HaT &

Tool 3R Material:

ECM & Tool a1 €1d3it & S« am ST &

o Brass

o Copper

o Bronze

e Stainless Steel

Jg Tool workpiece T FMHT FT Far & forw 3uAer fFar Srar gl

Electrolyte 3iT Power Supply:

ECM # 9o Electrolyte Teh 3eaf&is arels (Highly Conductive) 3T faes aaor aler g &, o9

e Sodium Chloride + Water
e Sodium Nitrate

g Electrolyte:

« Tool & 31X & passages &
« 3T A (High Rate) & 99 fhar rar g @




ECM & DC Power Supply (5 — 25 Volt) T 393197 fRIT ST &1 594

Current Density ofdTdT 1.5 — 8 A/mm?
Active Machined Surface 9T §<TT I@T JTdT &

Electro-Chemical Machining (ECM) & @TeT
(Advantages of Electro-Chemical Machining)

FOR 3 IR werdt $ir FMfeler 3redr Surface Finish 31X Accuracy & &Y @97 gl
Complex Shapes 3 TAT & #LM $Hr ST Thdl gl

Tool Wear ST T & sRTER 81T &, 3ATIT Mass Production # Tool I dRTd Fdd T d-
T e gidr g

Tool 3R Workpiece & &g 1§ &t @ush 1€l gIaT, AT Sl (Force) ST TANIT AT &IdT|
Heat T 39T 81 &1dT, fTo/ @ Workpiece #:

o Mechanical Stress
o Thermal Stress

Hﬁ' 3ol m|
sgd Close Tolerances 9Ted $r I ghar Tl

Electro-Chemical Machining (ECM) & gifarar
(Disadvantages of Electro-Chemical Machining)

Non-Conducting materials &7 &N T31a LT £l

Tool 31k Workpiece @1t T Electrolyte BYel & AT (RIS T & YT g1 30T+ gl
Tool &T Design 31X f@&AToT &8 81ar &, 8Taler Tool Life o« gy &, safaw Ig ufshar
Mass Production % T 39g&d Al ST |

Tool I Feed Rate 9§l IS gloil 1T




Electrical Discharge Machining (EDM)

Electrical Discharge Machining &

o Electro-Discharge Machining
e Spark Erosion Machining

8T gl ST Bl
Ig Wishar Spark Discharge aRT €T & &ROT (Erosion) & fe@id WX 3menia gl &
EDM &Y ®IE=T (Basic EDM System):
EDM 9uTrell & {3t H&7 #1197 gl ¢

. 3R fear g3 Tool (Electrode)

e Workpiece
e DC Power Supply

« Dielectric Fluid ([degd &I & non-conducting &d)
Tool 31X Workpiece @F DC Supply & 18T SATdT & 3 8¢ Dielectric Fluid 7 I@T ST g
& fafr (Working Principle):
S Tool 3R Workpiece & &1=T 3T Potential Difference 3cde<1 fhaT SATAT &, Al
« Dielectric Fluid & #TEI# & Spark Discharge 81T &
o Spark & HRUT Workpiece FI &g ﬂag?r QS AT A 4T < ATl ?
=g gfehar #:
« Voltage IT$TIT50 V& 980 V ek &IdT &
o« Current RTHIT 0.1 A®] 500 Adeh & Gohdl &
Workpiece @ Tah Tank d TR @1 1T &, I8 Dielectric Fluid 8T 8T g1

Rack Pinion Gear Box
\ /
Workpiece terminal +ve
P
Dielectric k/ Switch
Solution = c——
DC Power Supply
il

Container ;

ELECTRICAL DISCHARGE MACHINING

Tool 3T Workpiece & &= T Gap (31'?IT)EI§FT HAgcaquT g gl
gafeiT Tool Fr AT T 3T Feed F THh Feed Mechanism garT =ifad forar Jrar &, S 319er

31T Constant Gap o110 IWdT gl




EDM # HHI::
o Spark Gap 9T8137 0.005 mm & 0.50 mm & &= gar g
EDM & W& Dielectric Fluid:
EDM & Jad 319 393191 fohw S arel Dielectric Fluids g
« Mineral Oil (/& Kerosene)
o T4 3w A Distilled Water 31K Deionised Water
IIHATT FAT H:
« Clear 3T Low Viscosity Fluids &7 39ater 318 fhar &7 T &, Fifes 3 98aR flushing
3R surface finish & &1

EDM & 3uaifarar:
EDM S & 3uier: frelt oft && ward @x fmar s w@ar @ S fagga &1 gares (Electrical
Conductor) &T|
Electro Discharge Machining (EDM) & 18T
(Advantages of Electro Discharge Machining)
« 3dd FOR gerdt At #MAT & AT Ig gfthar 3ugeFa gl &, o1l & oot 1M gl
« I 3T Dimensional Accuracy ST I@dT &, 3ATAIT Tool 31X Die Making & forw s&ehT
fawrfker fr s g1
. Sfeer amFfaAT (Complex Geometries) 3THT & FATS ST Hehell B
« 31T Critical Sections 3R FAAR Terdf 1 FwMfeiar fo=r fashicr (Deformation) & & S
ohd! &, Fife 39 ufshar & workpiece 9T HI§ TcdeT ga1d &I I3dTI
« Fine Holes &I AT 3R A&ehdr & 3o fham 1 Tehar B
« 3= Non-Conventional Machining Tfsha3il &I Jofel & 3=a Metal Removal Rate (MRR)
gred foRar ST Fehar B

Electro Discharge Machining (EDM) &Y grfarar
(Disadvantages of Electro Discharge Machining)

« §3 3R & workpiece T I ThdT o] gl i ST Hehll, FiTeh workpiece HT 3HTHR
Setup & PR A HfRAFT AT &l

« Electrically Non-Conducting materials 1 #Ffif¥9r T3a w1&r &1

. H%ﬁﬁﬁ&%?ﬁﬁg’ﬁﬂﬂﬁ?mm@ﬁ%ww qelel AT ATl oM A fapfar
(Deformation) T FHTGAT I8! gl

« EDM 9fshar & Sharp Corners A8 §ATT ST Thd |

« EDM# 9rcd MRR 9R9R& #ffAsr it Jeram & Fa giclh 8, safav I8 Conventional
Machining &T quT fasheq €T Bl

« Deep Holes & AT Tool T SR-SRX Redress (Ja: HHR &aAT) HIAT ISl ¢

bl




dr9-faegd 91 AUIRT FRRErd Jffaer
(Thermo-Electric Energy Based Unconventional Machining)
1. Electron Beam Machining (EBM)
High Voltage Cable {30kv, DC)

Cathode Grid

Anode
Optical Viewing

System Electro Stream

Magnetic Lens

Deflection Coils
Viewing
Point

High Yacuum
Pump

Waork Table

Electron Beam Machining

Electron Beam Machining (EBM)
Electron Beam Machining &I &€ (Arrangement) R & f@@me 3@ gl &1 584 Cathode

HTATIA: Tungsten IT Tantalum & ST &IAT &1 Cathode & filament &I S3TH3T 2500°C ATIHATT dh
IRA fRAT ST 8138 3T di9ATA & SHRUT Thermo-lonic Emission GaRT Jelerglal &l 3cdaied
BT & Chamber & 37eI g HfAF Vacuum 11T 1@ & SoFClal T 3cdole 3R 38+ ¢
ST §1 Cathode & &1eh 916 Teh Grid gIdT &l

9 Grid I 3T Negative Bias o7 STIAT §, dTfeh Cathode & fehel SelargieT thel =Tl (Diverge o
gl) 3 379Ter 19T Fr IR Ter f6emr H §¢1 3T G Anode 8T &, Sif Beam & ®9 H gIdT gl
Anode SolFelel S &I TR T § R 38 dR-4R Accelerate (ds7) LT &l

Electron Beam Machining (EBM) & T8T

(Advantages of Electron Beam Machining)
e SIIBIE O & Y B¢ (High Aspect Ratio Holes) T &, & EBM g 34 Drilling

Rate ST gl

o IE JHT Tt gHR H ARG FF 7AMNT FT Fohar §, 3779 Mechanical Properties &t
SICICAURCE

« Mechanical Cutting Force sT &It & &RUT Work Holding 3iX Fixturing Cost 9§ FAEA &l

« 3TfAT Fragile 31X Brittle Materials &7 8 #ffaer gsra g1

« Short Pulse & &RUT Heat Affected Zone (HAZ) Sgdl A giar gl

« Electromagnetic Coils gaRT Beam Deflection & &Y fohdl #T 3T & &G 3 Accuracy &
T F10 ST Tqhdd &

o I T Fast Process gl
. FNFBHT % T CNC Table F1 ST R o W 31 W




Electron Beam Machining (EBM) # gifarar
(Disadvantages of Electron Beam Machining)
o #MT 3R Vacuum System & HIROT IYHIOT $T dETT J&QF 81T § 2T Regular

Maintenance &1 3Ta2IshdT &Il &

o 3T@2TH Vacuum UTcd a1 o folT Pump Down Time 91T g, ST Non-Productive Time gidT
gl

o 3HH Hdd B FeT$ (Small Cuts) & THT &

o ©C & SR Workpiece Y IGUE T wefaa giar &1

o 3H& foIT Highly Skilled Operator # 3TaTehdT 8T gl




Laser Beam Machining (LBM)
Laser T Optical Transducer &, SiY Electrical Energy Y Coherent Light Energy & gRafdd &tar &1

Laser &7 931 &TH g
“Light Amplification by Stimulated Emission of Radiation”
Laser Light Coherent #X Consistent Jehfl #T gIdlr &, foraeh sRoT Ig 9§ 3T9 Power Density

3cTeeT AT g

Laser OMATIA: Man-Made Ruby Crystal & §a18 STdT &, o aa:
e Chromium

«  IT Aluminium Oxide FlS[g g &
Laser Beam Machining (LBM) #:
o Laser Beam ¥ Light Energy &l 393191
« Material Removal & foIT Vaporization 3i¥ Ablation gaRT fRaT ST g1
« 39 9fshdT & Coherent (JHIA) AT Consistent FhTer fHI0T &1 Optical System HT Ferdar &
e AfRTd ¥#7T @™ v Focus fRam Smar g1

Z Total Reflector

4« Flash Lamp

A4 4 1 4

Laser Tube

=

t— Laser Discharge Tube

N

Reflector {Partial)

-«—— Parellel Laser Beam

B TR Lans
\ [

Table

Laser Beam &T Pulsed ® & 393teT foham Sram &, fad Aseisy arell FaiT Workpiece #Y Tdg W
T& Impulse 3cdeeT T &l

$H Impulse & HRUTUTT Rererclt (Melting) 8 3R Y arsdigher (Evaporation) 81X g€ Silcll €l
3H YTshaT H Metal Removal Y fafr EDM & A gIdT &, eifdheT Heat 3c9ed &t HT dllaT
A BT &

LBM # Heat &T 93YT a5 &% Focused 8T &, STafeh EDM & Heat 3(9&Tehc &# Focused glcil
gl

Laser Beam Machining (LBM) I EI==T

(LBM Setup)
Laser Beam Machining Setup & fie=T #19T &8I0 &:

o Laser Tube W}(




&l Reflectors (Tube & gl f&RT ™)

Flash Tube IT Lamp

Amplification Source
Power Supply Unit
Cooling System

TR Setup T Enclosure & 3ieY fthe o SITem &, fSideh 37eX 3= ora«r #1 Reflecting Surface
grar Bl

Laser Beam Machining (LBM) & &T8T
(Advantages of Laser Beam Machining)

foe afEar & i oRafs Rt & @wa a8 d, 30 LBM garr #efier foram o
ET I

sH HI$ Tool ALY 8T, STFAT Tool Wear sTgT gdT

Heat &<l Focused glcl &, ToTe® Workpiece ST Q9 81197 s T & T &iem &
Precise Holes 31X Cavities WTcd &¥ ST Tehall ¢

Metals 3¥ Non-Metals g1t &r #efifer dsa g

Micro-Drilling @Ha gl

Rubber 3¥ Plastics $r ot #NfAT $r I FheT &1

Tool & Blel & &RUT Tool Wear it a& & 18! graTl

Laser Beam Machining (LBM) #r gifaar
(Disadvantages of Laser Beam Machining)

YRf®% &mra (Initial Cost) 3R @eTeeT @WETT (Operating Cost) 9gd 31O gl &l

3cqteel & (Production Rate) & 8l & HRUT I§ dhaol & AT Frf & v & 39gwd
gl

8% geahrer wrafdda (Highly Light Reflecting) AT 0 HT 39T 18T fohar ST ThdT|
38 fIT Highly Skilled Operator &Y 3TaIshdT &l &

=9 YfehaT <hr Efficiency & gl gl

SN IUANT HLIA: Idell FHTAAT (Thin Materials) & forw € fhar Sirar gl

Material Removal Rate (MRR) ¢y} &Il &1




UNIT-2.0

> 9R™T (Introduction):
FITEEIT (Casting) Teh TATAATOT UTHAT (Manufacturing Process) & forae el gé’ RIG| (Molten Metal) T Th
Tge H AR fRT AT RN (Mold) H STell SITdT &1 38T 81 3R STHa (Solidification) & dTe;, YT & T
HHR o oIl §1 38 Gid § deX [AFrera HIfEear gl J1ar gl

Hel TROT (Basic Steps):

ERGRCGIGH (Pattern Making)|

HAes 3R &I FAT (Mold and Core Making)|

RIG| rererer 3 ST (Melting and Pouring) |

CE G (Solidification/Cooling)|

HITECIT I fARIIT 3R ATH AT (Fettling and Cleaning) |

Gating and Riser Design (AT 3R IBoR f3ams)

HIECIT T IOTTEr WY AR R 580 910 R IR FA & & Qoel g8 arg @ 7 &7 9ar & &l

- F FFEEE

> A 3R USSR BB (Gating And Riser Design):

Blind
Pouring basin (Cup) riser Vent
Open riser
s I Pattern
- — Top i'lser
| Pouring Cup
Choke
Parting : I o
Line -' —
,;._0 - “ _‘f' == —1
= .1 ez == Mold
well b e Cavity i
< Gate Mold Core Ll oale e
Runner Cavity e

Casting

ATEIT TAESH (Gating System):
AT fATeH 37 el (Channels) T Acas g foaes Ategd ¥ feel §§' arq AT T HIAEr (Cavity) &

TdT HIA Bl SHH HET TH ¢ w

I




+ Pouring Basin (131 af&e): memgﬁ%mm%l W%?Wﬁ
GRIECE OGNS

Sprue (¥9): Ig Teh aféanor (Vertical) dsTel § ST 9IR9T Sf&=T & 4rq FI A of AT Bl

Runner ({oX): Jg T gIRliecel (Horizontal)ﬂ?—lﬂ g o 4rd HI Fg[\?f AT d& of I &l

Gate (91€): IE aF 3ifde f§g § Sl & a1 Hes HAE & yaer i gl

TS (Riser):

TSR TUee §'§ YTq &1 Teh SR (Reservoir) T HRSE] LI CEIRIEDTS ﬁl;ﬁ?—ﬂ' (Shrinkage) g dr
TSR TARerd Grq T ATYfT FaT § difeh ST # HIS TIell 978 (Voids) AT & & 31T

- F F F ¥

» Working Principle, Set Up, And Parameters (H'o'lﬁ' mﬂ'l?l' ik qﬁWT)
et et 3ea1d feeer ufgmansit &1 favor Rar o &
+ Evaporative Pattern Casting (Epc) / Lost Foam Process

N

1. Pattern
~ Molding

%

3. Coating

l.l
o \
X }-:-

2. ga“" Filland 5 - cingPour 6. Shakeout
ompaction
FRY fAgyTd (Working Principle):
g UfhdT H Grele A (Polystyrene - JHTRIS) BIH & FoT Ueh Yol STAAT fohdT ST g1 S el

?%mﬁmm%,ﬁﬁé?wmﬂwaﬁﬁ(Evaporate)ﬁm%wiﬂgmm
o oI g
TTIT (Set Up):

% I YT (Foam Pattern)|

< bl FIfEIT (Refractory Coating)|

< Afesy sag Fas Sar CIEELSCIC]] 'ﬂ:&ﬂ' d (DrySand)E)IT-ﬁ gl
gfshdT (Process):
BH & Yed IR T Srar &1 dead ) Rbaedl Fifear fir Sy 1 ded & Aves Siew F W IRT
3R FE AT &8 S § 3 FTT (Vibration) SIRT 38 He fobam STraT &1 Teel g5 o1 stel Sreh &, 5
PIH &I ST 3HA SHE o ol gl
T (Advantages):

1. SAfed H’Iﬁ(_*ﬁ'ﬁ (Complex Shapes) HTHTAT & FATS ST Hehall gl

2. UIREIT &MSaT (Parting Line) 3R &R (Cores) &1 3TaRIHhdT =Tal grdll \ »“




3. Wag 1 AR sga <y gl &
HIHATT (Limitations):

1. g e & v 7737 deol §=1aT 9sar &l

2. o ¥ T FETT 3w & Thal gl
3-F:|:'§|'€I>I?T (Applications):

v ACIAETSS 391 seileh, @eist g3, sy fhfcar|

4+ Hybrid Epc & Vacuum Epc Process

» Vacuum Epc (33’&3? S
Ig Epc (Lost Foam) IfhaT T & Teh Ioaid &7 &l Whaﬁ%m%@rm%mﬁﬁwm%
WW(Vacuum)ﬂWWﬁﬁmmwwwm%I é@y%Wqﬂﬂ%
STl ¥ Aperer arelr A off S argT PRt ST &
ST 1T H I IV (Gas Defects) HH gd § AR 4T T 9dig SgR BT gl

» Hybrid Epc:
g Qs 3FTXT Epc UThAT o TATT 3T deheilohl (ST Shell Molding IT Investment Casting & dcai) T
Ao & Geaf & 39T Far Srar § arfe sifeaar 3R adierdar &t serr o1 | sad Sl wie
Yo & FW TH ARAR A (Ceramic Shell) TGTH HITEEIT T SATAT B

4+ Centrifugal Casting (3T9ehel HITESIT)

Mold Free roller '/A Mold

-4— Pouring basin

Drive roller

CL LT LTI AN, LA LLAAT S LSS LSS S LS LS T T
End view Side view

FRY ﬁ?{fﬂ?—f (Working Principle):
3H Yfshar H TUeer §é’ arq FI TH ‘EEFT §'U AT (Rotating Mold) F 3Tl SITT &1 39ohgl of (Centrifugal
Force)?WWmﬂmﬁMﬁmﬂwm%waﬁmmgl
TCIT (Set Up):
< ‘EI;USI?-T FL arell 4rq 1 AT (Rotating Metallic Mold)|
% AX 3R AT (Motor & Rollers) T &l %ﬂ'lﬁ & fou

gfshdT (Process):
| T 3T I T GHRT ST §|GFT §U A el onq srelr S §)
YETGaTel BIY 1] &l @ & GaRT W et ar 8, [9@d & 7 woh @i@elr (Hollow) T § STl

| >




oITé (Advantages):
1. 939 S W@ deledlhR (Cylindrical)gﬁf Follel & foIT SR (Core) I TR A&l gidl
2. HIFECI &7 Gelcd (Density) 378 BT § 3R HQW (Impurities) shg & 3T ST g Toleg AT
q gl ST HeheTl &l
HHATT (Limitations):
1. hael SefellehR (Cylindrical) 3Tl & foIv 3UgeFd &
2. 39T HEI BT &
3-F:|:'§|'€I>I?T (Applications):
v Ul & 918y, I SRl (Gun Barrels),g'f‘ﬁ?T (Bushings), st Red|

4 Pressure Die Casting (Y2R 31§ HIEE)

SPURE
MOLTEN
METAL

CAVITY
/_

gfector . O
/ PINS

T

PLUNGER
_\

—> I

PRESSURE CHAMBER / Hj
/ \ CASTING

COVER DlE-/ \- EJECTOR DIE

FRY ﬁ?{ﬁﬂ?—l’ (Working Principle):
3H Yfshar A TUeer gé’ LIG| Pl 3TT a1d (High Pressure) s AT Ueh TUTAT 2G| % O (Die) H Solac
farar e
9 (Types):
+* Hot Chamber Die Casting:
= & Ielelich (Low Melting Point) aTell 211?:3[317 (S i, o) & form)
» 3OH arg Tees arelr 34@'&' (Furnace) #efieT ot & feear gl gl

= AGT: Sgd ST 3catee (Fast cycle time)|
++* Cold Chamber Die Casting:
o 3T IeAeAih (High Melting Point) aTell &T31 (S TegfATAIH, s1) & fav|
o FEHA U H HeW 7l # Tuereny AMA # ST AT &
o 3YANT: 3T IelAich drel ‘EJITTSFU e Uﬂﬁﬁ'ﬂﬂ (Aluminum), HIAT, ST |
o ®RUT: ToIFATATH a1 gl W olig (T & uIdH) o A FiAfhar aX Fohell g, AT

S 3{eleT WM ATl gl
W




oITé (Advantages):
1. 3c49igsT &¥ (Production Rate)a§H 31 gt gl
2. ag?r Udell &1aR drel 'flﬁf (Thin Walled Parts) §TT ST Thd &l
3. Tl A TR 3R SIHIST TgET|
AT (Limitations):
1. mh?raﬂ'{'sﬁa?rarmaag?rma?ﬁ%‘l
2. Shad AlT-HA (Non-Ferrous) QTIT;B-]T & faw 39geFd gl
3-1?:|:'§|'€I>I?T (Applications):
v FHERex 9181, f@als), Al BT & HI{9T, JierAsd 9|

4+ Slush Casting (TereT HITEE)

IR ﬁam?-r (Working Principle):

Ig TEell HITEET (Hollow Casting) STl 1 Teh fafer & Torasl I o1 3u2T w¢T giem| el arg
mﬁﬁmmﬁaﬂ?@éxaﬁaﬂaﬁwaﬁaﬁr%ﬁﬁmaﬁra—nﬁgéﬁasﬁmgﬁw

fepTer forar srar B
ol (Advantages):
| G AN WEE TEE S & T 36 3
2. ®N Tl T TI I ¢
AT (Limitations):
1. 8RR HeTS F A w9 F P F AR ¥
2. Iif® Afda (Mechanical Strength) e gidT gl
HT:I,WT (Applications):
v Hfdar, AT 99, f@elle, 3R Hetradr ||




4 Shell Molding Process (2fer #ifesar ufsha)

Heated
pattem

The finished casting Box is inverted Box is repositioned
with sprue removed ; -

Sand Dump “
with box

resin
binder

4 .+ « o Sandshell
¢ { ¢ % ¢ heatedinoven

J cf”“

Flask

e o)

Clamp

LIS SIS

IR ﬁl’c\"ﬁﬂ?l' (Working Principle):
$H Yishdl & Ueh I8 4T & Yol T 3UGNT &teh ¥l 3R AT (Resin) & THHOT & Toh el Aol
(Shell) IT TR IR &I AT §, S AT FHT HIH HIAT g
gfshar WA (Process Parameters):
% Yeof &I dM9A: 175°CH 370°CH ad|
< fRsor. Ao ds + gARAfEn o (G beaifers Iae)|
gfehar (Process):
U1 & deoT 1 anf foham STrem 19t deet 1 ¥ 3R WS & @07 & dueh & o Sirar g 9t &
FROT Yot & IRT 3R 3T Y Tk T&d WA (Shell) 57 AT §139 AT & Jead A 39T & o REar
1 SEHR W AR B S £
oIT (Advantages):
1. ¥gd g1 fRIheil A8 (Smooth surface finish) 9Tcd 8lar gl
2. SHAAA U’Er"s’lljﬂfr (DimensionaIAccuracy)a'§H 3T gy gl
3. Udel Haele AU ST Tl &l
HIHATT (Limitations):
1. Yoot 3R T Fr anra 3w g gl
2. 9 FIREE F AT 3ugad = ¢
319N (Applications):

9

v R g3f@er, o=t 83d, Saifaedr UsH|




Unit 3.0
Advanced Welding and Forming Processes
Ig gfAe 3myfash AT deheliehl X e & S 3za gRLYedr (High Precision) 3R fagy
TR & oy s 1 STeh ¢

» Advanced Welding Processes (3=aTd afeser gfshamg)
sH AT | g7 3o dfeser At &1 3rtgasr 3T St 9RURS aAfesar (S Arc Welding) &
3fRF 3eotd B
1. Orbital TIG Welding (3iTfdeer &3mssh afesar)
Ig TIG (Tungsten Inert Gas) Afesar & Teh AMelished (Automated) ¥ &
& fAgUTa (Working Principle): GTHT TIG afese # dos¥ 39+ 1Y & T4 & AT ¢l
Hifdeer Afeser &, ursq A1 g« EAT (Static) T@eT & 3R TS e (Electrode) AhfAerel qrsq
& IRT 3] 360 f33 gAC & (S 718 FIST AT IR&HAT Fd § - Orbit)| FTIX garT e AR
iz & afEa Rar Siar g
HEHT (Set up):

» Power Source: MRS ITal ATATS |

» Orbital Head: Ig 91897 & FIW FoiT fhaT ST & 3R 39 Aefeer R AFfasw gar

gl

< Inert Gas: 3T (Argon) 3 &1 T eNfeser & forw gar g
wfshar e (Process Parameters):

 dfesar #e (Current)]

. T & gAT Fr a1fd (Rotation Speed)|

. 39 yarg &I (Gas Flow Rate)|
o1 (Advantages):

1. AT JfE (Human Error) @cH g1 ST

2. G de3 SN Tk AT 3R 3= I[urEar & g gl

3. 9T STITET (ST8T desT T 8T gl qg?.r Hanar) # afese gaa gl
AT (Limitations):

1. 3YHOT FHIAT AT &l B

T A R a5 WA @ TR w




ITHANT (Applications):
v BEEGREA R B3 NARET $5ET (AsdsHl # de R 7 S14)|
v TIOEE 3R HESF 3N

> Electron Beam Welding (EBW - &l did afesd)

30 - 175KV
o
|
VACUUM LQ_Q_QJ&QQJ CATHODE
—
ANODE
2 V21 HIGH VACUUM
CHAMBER

COILsS

WORK-

/:’ PIECES

g U Wil afeser ufhar § S darga (Vacuum) & Fr STl Bl
w1 fAgurd (Working Principle): 38H 3T a9 (High Velocity) aTel Selerclal T Teh Shigd oI
(Beam) T 3TN fHAT ST §1 ST ¥ Seldrelel ool AT @ T T Holg @ THA &, ol Sefehl
aIfast AT (Kinetic Energy) qic aTdir F&IT (Heat Energy) # Sel STl &1 & 1T gceir ofer
g & & a1 gia fee Sl ¢ 3k 3 o §
HEHT (Set up):
% Electron Gun: Selaeisl YeT ¥ & fau|
+ Vacuum Chamber: 90 ufsrar faTa & gidh & arfes gar & &or sclaclal & U 7 G|
» Magnetic Lenses: ol 18 FI Bl il & [oT]|
ufshar Rl
e cdis dlecal (Accelerating Voltage)|
o &IF ¢ (Beam Current)]
o dFGH H T
o1 (Advantages):
1. Deep Penetration: $HH "H1-gler" (Keyhole) T8Td Seic &, THe dgc 1631 3R AT des
T gl
2. Heat Affected Zone (HAZ) g giaT &, e 1q AR et TSl
3. IS 3feFdIoT (Oxidation) STET g Fifeh g doFgH H gier &

SAASSY,
ANNNNN

@




AT (Limitations):

1. AW 3R GoFgF AFR T R Fgd AOF &

2. dFGH Sl H AT oF1 g, [S08 3cUeeT aT &a gl Sl gl

3. R AT BT & (dFgH PFR & AR & 3AR) |
ITHANT (Applications):

v O{HA] RUueFex & gl

v §alS STETSl & Soldd & ured]|

v fAdEe & gsf|

> Laser Beam Welding (LBW - asiR &7 afesar)

Electrical input

'

] |

Capacitor bank

]-—--—-—-

1 I
Cooling system l

Work
Mirror v '
3\ | Focusing lens
r"II FAR S A Y A A A R S A ¥ A =
%
|
’i
}
1
/I
1 ;
% ;
V Z 7 7 777777 77777727727 Mirror surfaces Z
Laser crystal Concentrated beam

Opticalcavlty  y enion flash tube
w1 fAgwra (Working Principle): 38H "aleR" (LASER - Light Amplification by Stimulated Emission
of Radiation) 3T 39217 fhaT ST & @ISR U g & shiad Fehrer fHI0T (Coherent Light Beam) &
S 30 Foll ueied giam 1 S Ig for Urg oY uscll g, ar 96 39 et aifsad &
¢dr g oaa Ss gaar gl
HEHT (Set up):

» Laser Source: (ST CO2 o AT YAG @loR)|

- Focusing Lens: oo for &1 U fdg W $igd = & fav|

+ Shielding Gas: 9¢8 Yol & §9 & fav §ifoad ar 3|
o1 (Advantages):

1. JorgH T eIl AT gl (EBW & faudd)|

2. 9gd A (Precise) AfeSaT Fara

3. ool I & AfeseT &I ST Tehd! g

4. AT YT (Dissimilar metals) I SST ST Hehell B »(




AT (Limitations):
1. UHNCR FAG! (S oiaT, TegfATHTH) T dog el Hihel § Fifh T oloR AMSC &l
Roreree w2 & €
2. il &&Tdr (Energy Efficiency) & g1dl gl
ITHANT (Applications):

v AN disr afesd|
v gelacladd dfehe 3R IGAFT (Pacemakers) |
v R sag Ao
> Ultrasonic Welding (USW - 3reeraifas afes)
CLAMPING FORCE
APPLIED THROUGH
PIVOT MOUNTED MOUNT
TO WELDER FRAME 7 l
s <«—> VIBRATION
SONOTRODE TIP
TRAERRRER ERLERS WORKPIECES
ANVIL

I T Solid State Welding (a1 31a€dT afesdn) g, s@# o 1 [eemrar =gt i
s fAgura (Working Principle): 38 & g&6dIH 1 Teh GEY & FW gad (Pressure) & AT
@r SArar § 3 3 AR (High Frequency - 20 kHz & 40 kHz) &1 sregraifaia &aer (Ultrasonic
Vibrations) & STy §1 39 $UaT & il ddel & &g =97 (Friction) Y7 glar &, 9@ 3iaarss
I W g& Sl § AR GA] TR W §8= (Atomic Bonding) &1 STl g
HEHT (Set up):

+ Transducer: fdegd sl & AT HU H Feoa & U]

» Sonotrode (Horn): &9sT & ghdlg de qg?ﬂﬁ & fom

»  Anvil: IHIH T U ST & AT
o1 (Advantages):

1. &S AT (Heat) a1 Noerar anfAer a87 &1

2. SBd Udell Ye=ll (Thin foils) T AL efe & ST ST HehTl B

3. TolliEea &l Sl & fov Ig e 3= [ g1
AT (Limitations):

1. had gdell e (3mmdk) & AT 39|

2. HAIC AR S UIEH F dos G fhaT ST FhT|




ITHANT (Applications):
v Tatesd el 3R defoir
v fTa-3mae dedt & FaareT (Tab welding) |

v Solfdchd diecaed|

» Industrial Adhesive and Adhesive Bonding

3y SoNfaaRear & Fe-diee a1 afess &1 SerE "aiie” (Adhesive) & 39ATT §¢ T&T &
Rgura: vsefa sifeger ve ufshar § f9E# & dagh &I v qafas 9erd (Adhesive) T
3YANT Hleh ST AT §1 TE "HAGH HTHYUT (Surface adhesion) 3R "3 AT (Cohesion)
& fgUid W FH HaT &
vsefld & SR (Types):

1. Epoxy: Sgd #HSIed, U1 & faw 3qaeT g &l

2. Cyanoacrylates: (SR Super glue) TRel fadehat are|

3. Polyurethanes: efdields] 9Glel T g
ufrar drefieR:

%+ Surface Preparation: &g foeshel A% 3R Tl g =migU|

» Curing Time: 3ig &I @« 3R A< 8l & v & arar a#@7|
o1 (Advantages):

1. 3TeMT-3eHT YhR T FHAY (SIA ie &l UTd @) SST ST FehT &

2. Tolel &H BT § (BATS SAgTel & g 391EM) |

3. FUa (Vibration) ® TG T ¢

4. A AT RE YT A =g I1 fGFIUT (Distortion) AT T |
Hi#Te:

1. 3T di9HAT W A HHANT g 1T gl

2. T @l H FHI 97T g (Curing time)|




> Advanced Metal Forming (3#Tel &7 fav#ToT)

“

3R e Srar g
1. High Energy Rate Forming (HERF)

Quick-Release
Trigger Mechanism

High-Velocity Hydraulic
3~ Downward Force Return
System

o UR=EH: HERF Aol WitaaT Fishar3it (metal forming processes)ﬁ Teh udr Soft %,ﬁmﬁr cﬂiﬂ'
I IATAH 3TT A (extremely high velocities) T TATIT JATAT &1 TE FihAT IRIRS FfHT
(conventional pressing)@f ﬂ?l?-lT " EI§FT ast giar %’I

. gﬁ%ﬁmwﬁﬁ%(mform)m*%@a@mmﬁwm
oIS S g

o fyaT sHF Y o AMAT Fr TR Adl &I, Sfod FoiT (2T Ad) FT 3YITT 8T ¢

W

4




2. Electro-Magnetic Forming (EMF)

WO TTTT T
High-current pulsel

)P

_|_ Capacitor Bank

T (Energy Storage)

Switch

Magnetic Field

Eddy Currents

Conductive
Workpiece

Die / Form

I FAQYUTd: I8 GahrT FfAwIor (Magnetic Repulsion) & fEHTd T &H T &
1 T HAA dF A 9gd H0 FC 3T Th Hisel (Coil) H ST AT &l
2. WIS Teh HolG Yoehd & Tl &
3. e T urq (qhdie) & IR URT (Eddy Current) 3cdeet gl €1
4. 3o QAT & T U STeleed 9fashyor §of (Repulsive Force) o@Tdll & ST 4T @I 318 (Die)
AT REB Ghel ST B
o HATANT: Ve ATAIH I T [ARISAT (Swaging) AT HeraT|
o e gHUH Farelsh (Conductive) BleT HTRT|
3. Explosive Forming (fa¥®ies wifar)

—<«— Detonator

Water Shock
Wave

Water

[ Explai (Transfer Medium)

WRIEN M ANAIRR
e o]

Workpiece

Die

W AENDRTATRIN RORRRRI AR

Vacuum Line
Tank

w1 fRgurd: 388 Taafas [aEwies (S RDX, Dynamite) ST 393ter far Srdr gl
1. 4T T Ge @ 3TS & FW IWT Al ¢ AR el & S & garar S gl »(




. Olell & 3ieY faTwiceh WISt ST &l

. TaEwIc & 3cuea alfe 3 (Shock Wave) UTell & HIEIH @ €1 W &a1d STofell &
T TS &I [T (Cavity) H €8 Sl &

o WIT:FE 93 PN F IICH (S Tohe & aAtetel, TR f321) 10 ST Fhd &
AT I8 9fshar @aeTss § 3R O gl

Electro-Hydraulic Forming

A w N

o1

High Voltage DC
Power Supply

L Capacitor
Bank

Electrodes
Exploding Wire/Arc
Shockwaves

Water

(Transfer Medium) Chamber/Tank

Workpiece Vacuum Line

Vacuum Pump

Die

Ig faTmies wifder sar € 8, afh sad Iarafas iewes & swrg s fr Rl
(Electric Spark) T 39219 8T gl
w1 fAgyTd:

1. el & 37eX af Sodels & &I 85 alecs T4 (Spark) foRam STaT B

2. Ig TUTH Ul Hl IS ek Mk I FATdT g

3. QT AT G H MFR G &

. o R 1 e # qRE 3R BT a3

4. Stretch Forming (¥&& BIfaaT)




STRETCH FORMING PROCESS DIAGRAM

Gripping Jaws Gripping Jaws
(Stretch Jaws) (Stretch Jaws)

Workpiece

(Sheet Metal) ,
] !
Tension | 1-+ Tension
Force | : Force

Hydraulic
Cylinder

Hydraulic
Cylinder

Die Force

FT FAGHUTA: 4T &I e &1 Al [T & Tehgerd Wram (Stretch) ST § ST s foh ag 9=
Yield Limit IR o T o R g5 aem & & 38 315 (Form Block) & IR oder STl &l

e FEeq: $HH "Spring-back” (YT T ATHH el HPR H 3IAT+AT) SEA FA Al &

o ITUANT: RIFIH A gaTs Sglel & Sie7 Uefel dalet & o)

6. Contour Roll Forming

Flower Pattern

Final Profile
(C-channel)

Final Profile
(C-channel)

Roller
Roller

Station 1 Station 2 Roller Roller
Metal Strip Feed Station 3 Station 4

SHIIH & {EI g (Key Components):
o I8 (Metal Strip - €T #T 9Ed): Ig a8 TAAA (flat) e Aol § ST AN & 3ieT yaer
Ll gl
o« U T (Roller Stations): g Ted (T 3R =) & SNt T Teh H@ell (series) el
Bl Y VU Ul H Toe AT A Jorar # st 3R AT (bend) B W




« WATAT BIfFT (Progressive Forming - #fA% fAATOT): sHF &1 &I 3R €R-ER Feera
g1 3 39 "Farax deai" (flower pattern) F ST Hehdl ¢ (STI &% TXUT oh PIA-HRIT Dl
THh & I TH (@R @R JArar §)|
o HfAHw NEFS (Final Profile): 3 & o1 &1 9&& 3Tl R 3MhR (S U-deTel, C-2FeTef,
a1 w1g Sfee Afesa) & gy AdaT & aET Feperd! B
I fAUTd: I8 Tsh fAaR (Continuous) Ffshar 81 o7 &I Teh sl gedl &l AeRT (Rollers) &
%e et (Stations) & IGIRT ST &1 X T €I T UIST-AST HASAT g1 37 e qgﬂﬁ-qgﬂﬁ
T IS ITHR (S U-deTer, C-UeTel) o ol
o YN AT & XATS, Yeld T & Yefel, T 1 A |
o W AT UisaRrA (Mass production) & forw @& oot fafr|

@5&

BHUSHAN KUMAR NAYAK




Unit 4.0
frax _fAAT (Gear Manufacturing)

T - Frx ve AT @if¥e 3raaa (Mechanical element) § it &idt (Teeth) T Hg&ar & e
AMFE { GEX ATHE e 9T Frell deleT (Slip) & a1 3N ATFT 1 HROT LT
IR & 9K (Types of Gear)
1. AR eM¥e rad (Parallel Shafts Gears)
SIS & AMFE Teh-gHR o WA (Parallel) 8, I 31 Taq® &1 3UAIeT I &

A. TX 11T (Spur Gear)

Pitch Circle
(TSen agq)

Taes

Face

Space Width
Bon

\ Flank o _|
4 Circular | — Face Width

Pitch (@®-3)

Flank

Tooth Thickness oy~ S Root Circle ~ *|— Keyway

7d &Y A1)

Fillet

Circular Pitch o
(e Y <erd)

Ig T8 Wl 3R WAT YR &1 I g1 380 ald A & 38T (Axis) & ool FATAR
e g g

o RUwan I FA 9T W SgT T T )l ITT AT W T AR (Noise) I ¢

o 3YART: Selfdee s, afsdr, 3N Araror #efedy|

B. gfa@er T (Helical Gear)

Fillet

Hellx Angle
FaceCircle ey
Tooth Prof Ie \\ ll' I // / / /— e g / Bon
\\\ ﬂ?ﬂ {// Flank ¥ 7/{
Pitch Circle \\ 1CH / Circular % 3 Face Width
(TS agq) \ Pitch [/ (Fr-0)

/

Keyway

/ q /
7 i\ \‘\\\ ZZN
-
(Nsedim Clrcle)

g% oid ATFE & 3767 & U AT AT (Angle) R Fe 8 &1
o frwam foR® aidl & RO, &Y gidl & & &1 Jud dR-ER E g 81 36 ¥ T
frR &1 e 7 §ga 2N (Quiet) 3R FATE (Smooth) T & W‘




o 3TN AT PR 3R aafAe|
C. Y& 3t RfA¥a (Rack and Pinion)

Phon Gear

CESEINN

Pitch Circle
(YrscH agq)

ey <ar

Pinion Gear

(aftrs ayq)

Pitch Line

Gear Rack
R TS

;
//4‘ ) Bon
Z
Circular Pitch {1 Face Width
fore g (&r-=)
* s Keyway

I goil a1fd (Rotary motion) &1 YW a1fd (Linear motion) # dgee & eI 3uter foham ST &
SHH & T d@er R giar g 3R Afeas e oler MR R
o IYANN: FR FT TR BEcH, 3o0d ¢F (Tors are)|

2. gfa=adl emFe A (Intersecting Shafts Gears)
SIS & AMFE Teh-g@R 1 fohdll AT IUT 9 e § (3MHAN W 90°):

A. dad faT (Bevel Gear)

4 QA% (Cone) & TR & BId | FeToht 3UANT rfercd hr feRm St o faw fahar ST &

Pitch Cone Apex

Gear Wheel

(F7R €ie)

Gear Wheel _

(PR efte)

(G TR

Gear Wheel
(TR 2t

Face Width
(9 grod)

(@147

Pitch Cone Apex
Apex

™ Facs Width

(@-3) |

Back Cone

Shaft ! Alaxis <]

\ Face Width
(9 7@)

Back Cone

Back HIF

Root Cone

Shaft Axis

<

<§.

L]
|
|
|

7R
V) i

Rtoot Angle

Toth Fillet

W




« Straight Bevel Gear: g/d @& g1 g1
« Spiral Bevel Gear: &l gATGER gld & (38 AT FelefaT) |
o 39T g3 3o 7N, Bwriftge fAarered|

B. #leT frax (Miter Gear)

Pitch Cone Apex

©

ke
IPinon Gear — <
(Pinia &i¥1) 3

(%]

Rot Cone

9 & 99 AT T AHR AT g 3 I aoe I 2m Fr 90° W dead & §ar afa
(Speed) g, Al 3o HeX PR gd gl

3. -gATR 3iv I-gfa=addr awe (Non-Parallel & Non-

Intersecting)
S A o A HAACR & 3R 7 & Th-ga FT Fled gl

A.a® 3R T e (Worm and Worm Wheel)

Helix angle

.20

Worm \/ \/ | )
\ // \\ [ =
), ||((0)) = +
/
Input //

WipnridO G

dorm (Worm) gy et ’/\/\j . g ot

(Worm Wheel) (Worm Wheel)
SHHA Teh ‘g (S & SN fe@dr §) 3R T Tl frer (M) @i &
o faetvam 7E sgd 3118 Speed Reduction (17 3 =) el FHIAT &1 TE "Self-locking”

BT &, AT a3 SEIeT g I oIl GAT FehlT|

o 39T fA%E (Elevators), HeddX dec, 3R Hlld arggadll & cgfar qeq|




B. g18uiss fa¥WR (Hypoid Gear)

Helix angle
20
. 7
| 2 |
o P 114
1 ' //
<]
Plorm (Gear) T et
(Worm Wheel) (Worm Wheel)

g il da 1A (Spiral Bevel) ST @ §, oifthel SHeh ATHE Ueh-g@Y &l e =6l ol
o 3N TH 3R PRI & NI tTa (Rear Axle) H, STl e & IRR & Fg & AT A
IGT BT g

4. AT g & AT (Special Gears)
A.getdd T (Internal Gear)

Internal Gear

MafRke TR

Pinion Gear

MR

Shatf hlt'rAxis

Root Circle

(forr &g

Face Width

e)

SeToh gid IR o 3iHail B W & g &l
e 3TN Tolaedr X BTed (Planetary Gear System) H|




B. gReralsT AT (Herringbone Gear)

Helix Angle
(BT PTe)

Worm Gear

9

26)

SR

gt itet

(Worm Wheel)
34 "Double Helical Gear" 8 @gd g1 39 af gioieral T I S V' IR TA1AT AT g
o WIYEL Jg gielehel AT & "Axial Thrust” (JTFE 9 of3Tal dTell HISS GaTd) I WcH HY
LI
o 3 AR AR 3R I3 cETEA|

> e R_fastor i e Ao

1. FIfEEIT (Casting): 3 FIH & AT, 58T HEHAT (Precision) H# FAgcaqoT gl

2. WIS (Forging): 3T TR (Heavy loads) gl @t arel Iy & faw|

3. AFATT (Rolling): A T &I I AT 33T Hleh o & oI gaTehY &l TATT ST g

4. #\MfAIT (Machining/Metal Cutting): I T&X 3T AT g1 39 & HEW H dier ST Gohd
g

o R wIfffr: 58 e F7 3R TR F ar aidl & & & Trell TATH ST giar
g (3 Milling)|
o IR SfEem @A T AR sl & &9 T Wlarges aifd giar § e
geTdicge WHrsel (Involute Profile) 3cde=T giaT g
1. TR BIfdim 2. TR et

(Gear Casting) (Gear Rolling)

2. R Afe 3. TR TRAfART
(Gear Rolling)
TRfHE B
~5/
y =
A
&




< fAX 89T (Gear Hobbing)

Hob Rotation

mmme | |
S A
- 1IN B
Sl 7 S =
(Hob) = =
Fae
J Blank Rotation
@250
i 8
CLLE R - &~
(Hob) g
IR Face =ieff

R g G carge &G @ UG T S dlel [P SeRiea gihar g
w1 fAqura (Working Principle):
o T (Hob): g1 Teh i (Worm) e TR & Hecl-UISc Hica ol Bicl 8, o TR gicieher
G (Flutes) e 8T § ST ahfcdl UsT T A I ol
o 9fhRAT: AR soler 3R 819 gl & 396! Fafd e O TerT SITdT &l o7 &l & &g
Teh fAfRE R 37eqaTel (Gear Ratio) TWT ST &1 Si¥ €1 819 HHT g, 98 Soleh &1 Hclg
# {1 SATar § 3R T @redr gl
o AT BT & seleh & WY-ARY FA FHr R (Feed) I & Tl § s gt @is$ & g
hC Thl
R e & y&R:
1. Axial Feed Hobbing: €of faIX sefeh & 3187 & AT ToidT &l
2. Radial Feed Hobbing: Tef sefeh & g &7 3N §¢ar § (Worm gears & feiT)|
o1 (Advantages):
« Mass Production: Ig faftr sgd dsf &1
o YEHAT: FHS AN 3cUTfed R &1 gaalede NHISel Hcdd T i ¢
o TS U &1 BT ¥ 37RT-37019T S (Diameter) & fIIT (FATT AlGel &) e ST
e
AT (Limitations):
« Internal Gears: 2TFC & EEIST & FRUT ATdRS FIIX AEH FIC AT Tohd |
o Cost: 81 el & AT 31 T@I@a #gIm giar gl

w




< R AT (Gear Shaping)
(Gear Shaping Generation)

1. g sez fad 2. Tk hex fagd

(Pinion Cutter Method) (Rack Cutter Method)

(Pinion Mthod)

Gear Blank Gear Blank

%’N
@ TRl TR
Internal Gear)
()
ST BT HT o & (S F ForreX TR a1 Sedaa RR), a9 iR After &1 3uaer foear
ST 81 389 Jearem#t afd (Reciprocating Motion) &7 fgyid T &dr g
I. Pinion Cutter Method (Rfeaer ®ex faf)
3O FeX Gg wF R (RAfaaen) & @ &
o FREHR I AT FAT § AR UG B Fredr g1 Tdw i & WG, HX AR solw
ael A4S @ gAD § (Indexing)|
o 3YANT: SHHT 3TAT Internal Gears 3R 39 Y & fow fFar smar § Sae g S8
% Bl & (Shoulder gears)|
I1. Rack Cutter Method 3% ®eX fafe)
SHH Hel T el Y& & 3R H gIar gl
o FEF FX HE-NS AT AT Bl SG-S1 Tg I T g, TR sofeh & & IR
oIgeha (Rolling motion) g

o WALYE & odarg WA I & SEIAT FT & Fleel & dlg soleh @ BT T AT (Reset)
AT g5 B

w




oy gifeer i Af¥er @ gem (Comparison):

ICEAGI Gear Hobbing Gear Shaping

ol AT e gof= (Rotary) >UT-=ird (Reciprocating)
ECUICCT) SRGEEIECY HETH
Fal® R KIRECH g R 3mErT
et & 9FR Spur, Helical, Worm Spur, Helical, Internal

4.4 Frax AT ”/@AT (Gear Finishing Methods)
FMfeT & a1 P & "#=ffeAer A" | Sa &1 3= aifar 3R od darelsT (Quiet running) &
for fefARIer 3ifFad g
« a) Gear Shaving (R faer): I8 ve ' wicer ufshar g1 38 Teh QAW AfAT Fex T
39T fHAT ST & S &Tdt A T8 § §gd & IS e Aprear §1 98 7T &9 4
371-gT8+8 (Un-hardened) o & forw giar &1
« b) Gear Grinding (FrRIX IM8fEar): s9& 3vea¥s 9fgdl (Grinding wheels) &7 393ter fhar
SITT 81 F€ Hardened Gears & v @98 39ged § Fifh Ig €ic dede & &g gl arel
fa&qor (Distortion) T FERAT &
« ) Gear Burnishing (X afsifRer): a8 e ‘@ies afder ufspar &1 3@ FRR #1 ar g
8 FOR AR Iy & &I qarehy AR STl ¢ I8 Helg &1 qalrend faehedl &Y &l g,
S8 gag 1 Forar ff ¢ I gl
« d) Gear Lapping (X afdan): saat 1w 3R v Qfter gor & o dAfder surss
(Abrasive + Oil) T 39d1T & STar &1 ¥ 3ifaw geor Al & fav g
o ¢) Gear Honing (X @\fA9r): I IsfEer & a1 T AT &1 3TH T TollfEes-diess
TSTT ol T 3UAIT dHleh Gl T Helg & HAShI-FgeFe T URT STl § olfeh AR HA
gl
. f) Gear Tooth Rounding (R g w3fE): Femsfsar frararerd (SR &RT #) 7 g &t
AT F WISl XA o foIw 37k gidr & RRT & e a1 fTaRST (Chamfer) fRar SiTar g




1. Gear Shaving (MR Qﬁﬂ)
g o

[ ©

2. Gear Grinding (TITE"T)

£\Gear

4. Gear Lapping

3. Gear ﬁﬁ'ﬂ

5. Gear Honing

6. Gear dfoeT

6. Gear Tooth Rounding

P>
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Unit 5.0
CAM # 3myfas ggfaam (Recent Trends in CAM)

> ufsfed AsghaaRar (Additive Manufacturing)
1. 3D CAD Ar3& 2. QAT 37 G-BIE

(3D CAD Model) (Slicing & G-Gode)

By

T

3. WRa-=X-0=d faem 4. 3fafir ygee
(Layer-by-Layer Construction (Final Product)

Nz 3o & RN IR

ufsfea Aegharaiiar (AM) aRURE Faefdea A=gthaaiier (o efefer ar fAfeler, sl arg &
H1eehy fAehTeT ST 8) & ool fawla &
«  HYUROM (Concept): $TH 3D CAD ST &1 IYANT &leh FHIA (Cellieesh, €T a1 faRTAR) @
TA-GI-9Xd (Layer-by-layer) gl 31 & 1S STl ©.
« 3D Printing: 9§ AM &I T WHAT T ¢l 3UH T e g3 BfSca vga & 3R
HIHIAT I STAT FIAT &.
« Rapid Prototyping (RP): Ig Teh UHT deheileh g St Tohdl T 3cUlG & f3oT8el &l Sear
#Hifcreh &9 (Physical Model) 7 scelel T 3T el 8, dlfch 99 YA TR IculesT & Ugd
3T ST Y ST T,
> 3D fex &Y gxgar 3 sRvmelt (Construction & Working)
3D feX veh gRshd M § S Hevfolenel 3R Felarciicier =0T &7 A F
AT HET (Construction):
o Extruder (TeHEsT): I X &1 ‘Afass § S e & diar g, 38 a1 aar § 3R
ASTel & ATEIH H S8 TAHreldr g.
« Build Plate (3 wole): a8 3MUR Sl a&d &1 AT glar &1 39 3/ §1es a3 8l gt

ST § drfes Ao e w®.
W

« Stepper Motors: & &isTel 1 X, Y 3R Z 316t X T a1 Giafad e &,




(3D Printer Construction)

—(
X\\ (Nozze)
\
fthaliment Spool \
(Filament Spool) S
\\\\
" \
Exctrcuder Assemliy [~ | )
(Extruder Assemliy) \\é\' /
/
NV /// (Heated Bed)
X-3T | \\\\QQQ\& <
W
LCD Control Panvel _ P N '
g7 SN F
7 SN a "z
& # oS~ Mz
~ A 4 /;/z//"/////// LCD Control Panel
& G

<< K ,
Power Suppliy \'\,\ \/}\‘/@///@ §) //é/////i///f//
YR BIRef Board ——4__ J\Q\o\y}v 77
& Control Board L z
+ FEYOTe (Working):
1. Slicing: AIFcdIX AlSA I Udel &ifdsT @I (Horizontal slices) H HTedT .

2. Deposition: #ilsTel 3T g fOerelr §‘§ AT F 95 W TS g

a3

Build Plate/Heated Bed

——— Timing Belt

3. Solidification: Teh Wl G glo & &1G, 95 A STl § AT sAlolel FH 3T &, 3R 39Tl R

ool Wd & IR JIH JdT &.

+ Wt & YRR AR 0T (Materials for 3D Printer)
3D eI A Woal &7 T 3curg T AT 3N 3TAT WA e &

« PLA (Polylactic Acid): HeFh & Fed @ &al, GITERUT o 3fefehel 3R 3TN A | I

B3Il el & fow qed 3reoT &

« ABS (Acrylonitrile Butadiene Styrene): 31fleh Folgd 3R 3Td dYAT Hgal dlell (S o=l

foara).

« PETG: ¥§ PLA 3R ABS &1 fAHUT §, St Holgdl iR oreiieusl &l erel & &.
« Resins: e HaeAT & g1 § AR §ga & 3= frfafier 3tk f3awor (Detailing) el #Fta &.

+ BISd WIHc: STL (Stereo Lithography)

e STL T Aged: CAD TIFCAIR (SI¥ AutoCAD AT SolidWorks) F =TT #Afser WY fiex 71ET ue

HhdT| STTAT 39 .STL Bide & Sear ST §.

W




. Rguia: I8 v Alsd H T Tag F FAAGd B¢ AR (Triangular facets) F deer
gar g, foder 318 fanior gier, Idg 3deir & Risher gef.

+ 3D fRiex iwedar ufhar

TSTear gfshar 7 AFedzy $r ffAeT Hcdd FAgcaquT ¢

1. Part Import: STL BISdl I TASAY ATFCAIX H oIS Ll

2. Orientation: g dT T b AlST & 88 W fhg feem & @r arw (@sr ar 3msn) dife A
T A U H TR IS,

3. Infill & Processing: AISeT & 3{eX &I AT (Infill percentage) T &TT HR 'G-Code' 3cdeeT
h .

> HYEX Thigd fAfAATOT (CIM: Computer Integrated Manufacturing)
CIM &hdel Ueh Tehoileh &16l, diesh YU HRUM hl Y & ATCIH § Tellol &l Ueh Gl
(Philosophy) .
o aRemT: f3aTse, fAATor 3R caaTie Hl @ v Tehlehd gl [AEeA cart FEfa e
CIM FgdlTdT .

« &9 (Areas): CAD (f3=is+T), CAM (fa#ToT), CAPP (Telifaier), CAQ (FaTfeler ahelel).
(Computer Integrated Manufacturing)

o o o o S e O B
CIM Database
(g emam)
1. CAD 2. CAM
(Computer-Aided | (Computer-Aied
Design) Manufacturing)

A

Central
Computer
Control
System

\4

3. CAPP 4, CAQ
(Computer-Aited (Computer-Aied
Process Planning Quality Control

1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
|
1
1
1
I
I
1
1
I
1
1

o OTY: 3cUTE T 0Tl H FUR, 3cUlesT THI (Lead time) H &al, 3R 3eT T g Jaered.
+ TIdATll (Automation)

HTEHAAA FT 3 § AAT gEdaT & [0 #fat ganr wraf s1 qure.

e (Types of Automation):
1. Fixed (Hard) Automation: 7=t & T AW 3cdrg & fow fharg & fear Sirar g1 3=9

3culest X (High Volume) & T 3uged.




2. Programmable Automation: ST 3TeTeT-37e19T 3cUTal & folT AMFedaX WA &l §gall o
HhdT § (S: CNC #7MA).
3. Flexible (Soft) Automation: Ig T8 3ooAd ¢! 3TH Teh & THT H [§aT Toh HeleT-37el9T bR
% gof 91T ST Fhd ¢.
+ 9 TFAeTa (Group Technology)
Ig oheileh 3cdIcd S FAAA Feled & [N FHTAAT T 39T FIA g

1. (Geometical Shape) i 2. (Manufacturing Process)

Welded Parts

(Sheet Metal Parts)

« Part Families: 3o Joil &l HHg Tl mc-lOb:I 3R (Shape) AT fAHATOT 9fshar (Process) Teh
ST @l
« Coding: Isif &I fafiise s a1 (S OPITZ system) aiféh 3o 3T & aafiha famar o

.
« Cellular Manufacturing: #T &l 'U' 3Teh AT 31T FHG (Cells) H Taiedd el dileh

HTHIAT HT 3TTareiar S a8l

[Image showing part family classification based on geometrical shape and manufacturing process]

> ordier AT gumelt Flexible Manufacturing System (FMS)

+ 1.3rqarom AR gREmT (Concept and Definition)
Flexible Manufacturing System (FMS) Teh 3T& ¥R #T Tehiehd (Integrated) fafeiaTor yorelt § forers

WER 3T gé #s CNC Mt 3R ver Taanford Artely gsfolar ™Ted (Material Handling System)
gl &, 5 U AT Fege garT Hafa g #
o ORHNT: Ig T VAT 3cUIGaT YUTell & Sif ALIH 3cdiesT &3 (Medium Volume) 3R my

fafatrar (High Variety) & @Y 3c9rei &l ATOT el & TETH gl




o oHege (Flexibility): STeT HET o3 g & foh #AMeT Fe3rq A o1l sgonra he fo=m g
3TCTIT-3769T YehR o Yoil (Parts) T &eilel o T Te &l aTel Hehll &

+ FMS & #EF dcd (Main Elements of FMS)

Teh FHET FMS HET &9 @ dled geahl & TRt &= gidr &:

1. Workstations (®TF &g): T AR I CNC JMeA (S: CNC Mill, CNC Lathe) 8T & S
arediae Hfcar 3R Bl &1 & Far gl

2. Automated Material Handling and Storage System: Ig #2f=il & & ded AT 3R dIR AT
Pl FATATARA (Transport) T &1 395 AGVs (Automated Guided Vehicles), dedax

(Conveyors), IT J&CH T 3IET &IdT &l
+1
3. Computer Control System: Ig R f&¥cH T ‘ATETSH' § S A Asgfoiar, AMeT aAfsar 3R
AT & garg Fr HIREET FAT g
FMS MAIN ELEMENTS
(Main Elements of FMS)

1

i . = .

' 1. Workstation - CNC Millirjg Automated Material 2. Workstation - CNC ’
E i Handling 1anding System Tuming E
' | ' '
1

. —_— i

Central
Computer

3. Workstation
(Drilling/Tapping)

5 _CNC Milling
! (@K $a - CNC fefeim)

1. Workstation - CNC Miling A& 3. Inspection

& =
H I Oy &l

i 2 ! =
— —

<— Raw Material Input Finished Product »b

+ FMS &T 3m3¢ AR Agea (Layout and Importance)

FMS oI31m3e g fAeiRa aar § o &fier 3R ameah gsfolsr @eew %@ sgafeyd gl geg
33T geR Arafaf@a &

o In-line Layout: #elel war Hrely Y@r & gidr €1

« Loop Layout: AT U d¢ ST (Circular path) & aRT 3R cgafeud g gl

« Open Field Layout: Sf¢el 3cdTeel & folv @&d &3T 3R afiell of3113c|

« Ladder Layout: ¢l & 3R I cTaeAT @l AT & faT QAiche TET g1 ¢ »(




FMS LAYOUTS

(Flexible Manufacturing System Arrangement)

1. In-line Layout 2. Loop Layout

Frisind “@
%é' ! é ! é ! .é" xl_’ ol
= W) loar

o) & E

3. Ladder Layout 4. Open Field Layout

Ry
Matgnial

[]e

il

O
e 5

)

Agca: T 33T 1A 6T AT & THT P Hd Tl § 3R 3cared ¥ g&Tar (Efficiency)
eI gl

4 FMS & @mr 3R 39T (Advantages and Applications)
A1 (Advantages):

o FH TH-ZA-NAF (Reduced WIP): S=del & FHeaT 31 B

o #MF 39T (Higher Machine Utilization): 7Nl @ell w187 d&dT Fdifeh dre Fadlfeld & &

IS

o caRa gfafam: e & |67 & 3R 3esd & Sied! deara a4 g

o M AN A FHA): 3TT TIATAT (Automation) 3 FHRUT FH STARIEd DI TIRITSAT Bl g
ITHANT (Applications):

. AN 36ANT: Affied HR AlSal & ol gl A gl & fav|

o TR Ffee R T faae geif & =ator A

o AMT Tow: ACTH TR & 3cUres drel 3N Al

W




QEifesFd (Robotics) - Unit 5

V& FAT §2 (What is a Robot?)

'3

o UdIc TS AccIhaereTd (agwm)mﬁ?r%mfa@mam‘?aﬁsw TR T Férehdl
3R TeTar & @Y A F v W R &1 Jhar g
« TG U YRShd AMeT § 9 T &7 & (autonomously) AT AT fAT=0T H HRT it

& o f3omss fohar am & |

o SIc Hhfadd, Seiacifcale R ATFCAIT TThi (components) T Teh SAfcel THHOT § |
o ST AAGAT A IR AU & aTATOT H AGHH el (sense), FAATIHT I TAH e,

AT 7 3R Ied@AT T HdT & YT F Fsuried s HT &THaT giar & |

2. S & FAET °geH (Components of Robot)

Uae et 3maeas dedl ¥ A o1 § S U &Y Thihd glad i add § |

Motion
planner

¢ i

Trajectory

generator — | Controller [—#

Actuators

Sensors




(A) #AfAgaeX (Manipulator)
o IE VaC FT 7AET WK & f5@F o (links), S5 (joints) 3R AT=eTcA® ded Bl & |
. u'g,':m?rq'SFIT(humanarm)%W@HT%lmwmaﬁTﬂgW%ﬁquﬂ
Hhell &, 3 TR AfAYeIeR & Sz Qe H fAafde Rufadi a6 9goa & we@ sard
g
o AT T er@r § ST6l 3T Hel Hecaqul HeT fherd gl ¥ |
(B) U8 s%h&ed (End Effector)
o I% AfAYelex & 3ifdF SiIs (Hand) & ST 81T ¢ |
. Jg AEE gy AR 3ufaai s a@e 7 war g 5w e 39e adeRer & ATy Selde
X Tohell ¢ |
o R TE3T T GehsaT (gripping), ST, T Téh HY T |
o 3eTeor: Afese e, e ¥ 91, Tef ST aTel 3UHIoT IS |

(C) WU (Actuators) / AlRIANRIST BarsH
o Sog AfAYeleT HT "AEIRAT (Muscles) FgT ST & |
. Saf Fersa aifa & forw AEARIET 1 39T SR §, Adie Aed F 3T W § |
o ¥ FHelel ¥ I 9o & el & Sirst 3R foien @ gaArd ¢ |
o YFR: Hal A (Servomotors), T HICH, =gATCeH (Pneumatic) 31X grsgiferer (Hydraulic)
TFgUeH |
(D) §ET (Sensors)
o TTT Ve & 3T A" (Sense Organs) FI TE FH FI ¢ |
o I qdle Fr HARS TATT a1 I8 ATAEROT &F TR H ATHRT Thd Hd & 3R Helek
&I HIsd® o § |
o T YA (position), 39T, TeT, AIHTA 3R fASRcAr (proximity) ST ATAT3T & ATIS g |
. TT AW, faoe T 30T $85 36T § |
(E) &eraX (Controller)
« iR Asie F AT ARTSH (Brain) 1 ARITH & TAF Iar § |
o I¥E AW ¥ FaYC WIed el ¢ AR TFgUeT A1 Sigh &1 a1 & FHAfead (coordinate)

T & | w




o HAOR & 9T, Adie P15 o TP TR 8T X FoheT |
(F) AT (Processor)
o AT A HT IO FAT &, S F ITAT TF TgI b v el A Fir smaasdr
g
o TG IH AR W U FYX g § T [AT &7 @ Vel & faw sa1mr Jrer ¢ |
(G) WIFeaAT (Software)
Udle & AET §9 4 il JohR & FiFedd 39T U S &
1. AT RTeH: MW H Ta= & fow |
2. Ve WIFEAAT: FISa e THIUN & YR W I T 0T T & o |
3. uCelthere WanA: Aftse wrat S el a1 R Uz o & fov |

4. Q&Ye T FafRIT (Classification of Robots)

St 3efen Aste TEfATT (JIRA) & 3TAR, Ul T 6 9l # ier I &
FelTH

& FT IHR fawor
(Class)
Manual >
Class 1 Handling S8 AT GaRT I AT # |

Class2 | Fixed Sequence  Ig Ueh ARYA 3efshdl H &R ol ¢ [ Scolell Hide ¢ |
Variable I8 3% R &1 T ¢, oifched 5T Hofshdl T SGell S Hehel
Sequence g

Ig HIST SaRT ThT 91T &R T RIS X & 3R a1 & 38
arerdr (playback) & |

Numerical 39 3R Vel & AW & T Teh HaHc A

Class 3

Class 4 Playback Robot

Class 5
Control (movement program) &l & |
Intelligent | T 379=) ATATAROT I TASA Fohehl ¢ IR IRFEATIA 7 seena gt
Class 6
Robot R A FE QT Tl ¢ |

N




4. Qdte & o 3R & (Advantages & Disadvantages)

(1 I (Advantages)
o HfSA ararERor: Udic [Afeor, 31, 713t a1 gl & AT S8 W ardraior H i
Tohd B |
o 3CUIGHAT: UdIC IcdTeshdl, IaTr 3R Iuradr serd ¢ |
o FAur A ArgeITHar @gh: 3¢ AC, QN AT AR @ FI&T AT ST g1 gIell |
o fARERET Tsie f9er g A1 SR §T AR FIA W Ah £ |
o WFAL T HISA T JofAT H & T (accurate) 81T ¢ |
o HACTHI: A& Teh AT Fs HIT HT Tohd ¢ |
[ gfer (Disadvantages)
o TaTdeRTelle gfafhan: s ImaTderelle [EAfAaT (emergency) H Te A<l T 1T FA
glc § |
o AV V&I HT 3TAFT FATST H SRR AT 3P Ffears der T Thar § |
o HEIM: FoTHT TUTYT (installation) 3R FRAGTOT SIge FHeamm &l & |
o WA W T Fad TR BT AT GAH F IFFTER HH W 8, TII-<BH A @eel H

&TAdT AT g & |
W
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