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AIMS

Computer Control System & Robotics T
" o 2

To provide the students with an opportunity to acquire knowledge, skill and attitude in the area of
computer controi system and robotics with special emphasis on:
¥ Computer contro} system -
Fuzzy logic controller
Robotics fundamental
Robot sensors and actuators
Computer vision for robotic systems.

SHORT DESCRIPTION

Computer control system, Digital Control system, Threats of Computer system security, Controller;
Fuzzy logic controller; Robotics fundamentals; Robots sensors; Robot actuators; Robot system,
Computer vision systems and Robot specification.

DETAIL DESCRIPTION

¢ - Theory:

Understand the computer control system,

1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
L9

Define computer control system.

Describe computer control system with block diagram.

Mention different types of computer control system.

Describe the on-line and off-line computer control system.

Describe Lhe application of computer control system.

Explain the techniques of use of personal coimputer in control syslem
Describe the requirement of computer process control.

Describe the direct digital control system.

Describe the numerical control system.

1.10  Describe Lhe supervisor control system

Understand digital control system.

2.1
2.2
2.3
24
25
26

2.7
2.8

Explain modern digital control system.

Discuss real time control & control stability.

Discuss basic element of computer control system.

Describe impulse response system.

Describe Z & Bilinear transformation.

Describe direct controller, Combined feed forward controller, Classical state, feedback
controller design and limitations.

Describe computer control architecture.

. Mention hardware of computer control system.




Understand the Threats of computer system security.

31
32
3.3
34
35
3.6

Mention threats of computer system security.
Expizin type of vulnerable for computer network sécurity.
Discuss area of security protection.

Discuss the uncertainties of security of computer system.
Discuss security control system generation,
Explain terminal security definition and update.

Understand the controller.

4.1
472
43
44
45

Define controller.

Describe the relay logic control sYstem.
Describe the function of motion controller.
Describe the hardware of motion controller.
Describe adaptive controller.

Understand the fuzzy Logic controller.

5.1
52
53
54
5.5

Define the terms: (a) Fuzzy logic (b) Fuzzy predicates (c) Fuzzy set.

Describe the block diagram of a fuzzy logic controller.

Compare the traditional and fuzzy logic controller.

Describe the technique of 'lempe:ature control in a room using a fuzzy logic (one-inpultsystem).
Describe the fuzzy log‘ic controller that uses two inputs.

"Understand the fundamental of Robot,

6.1

6.2

6.3
6.4
6.5
6.6
6.7
6.8
6.9

Define the term: (a) Robot (b) Robotics (c) Program Location (d) Tooling &
Grippers (e) Work celL.

Mention the types of robot. _

Describe the basic components of robot.

Discuss robot joints.

Describe the base control robot motion.

Describe the axes control robot motion.

Differentiate low, medium & high Technology robots.

Describe the robot reference frame.

Describe the robot programming modes.

Understand the basic feature of manip'ulalors & controllers.

7.1
72
7.3
7.4
75
7.6
7.7
7.8

Describe the robot co-ordinates,

Describe the wrist rotation.

State manipulator drives system.

Describe work envelopes.

Describe the general feature of controllers.

Describe the internal component of a controller with block diagram.
Discuss the master control board of controllers.

Describe the signal path in the controllers.




Understand hydraulic and pneumatic drive system.
8.1  Define hydraulic & pneumatic system.

8.2  Describe the principie of hydraulic drive.

83  Describe the hydraulic actuators.

8.4  Describe the basic component of preumatic system,

Understand robot gears and linkages.

9.1  Define the term gear and linkages, gear ratio, gear direction, gear (rain,
© 9.2 List the gear used in robotic system.

93 Describe the energy transfer technigue from motor ko the end effectors.

9.4 Describe the purposes of linkages for transfer of energy.

Understand End Effectors.

10.1 Describe the function of end effectors.
102 Describe the end-of-arm tooling.
- 103 Classify the gripper.

104 Describe the operation of different type of gripper.

Understand robotic sensor.

11.1  Mention the types of sensor. .

112 Describe the function of contact sensor.

113 Describe the function of non contact sensor.

114  Describe the function of proximity sensors.

11.5  Describe the function of electromagnetic sensors.
11.6  Describe the function of limit switches.

11.7  Describe the function.of touch sensor.

11.8  Describe the function of wactile sensor.

I1.9 Describe the function of vision sensor.

Understand robot specification & application.
12.1  Menlion the specification of an industrial robot.
122 Discuss the growth of robot application.

12.3  Describe the robot as a cell controller.

12.4  Describe the robot as a peripheral device.

PRACTICAL: _
Perform the work of ON / OFF control by using PC.
Perform the work of three step control by using PC,
Perform the speed control of DC motor employing variable fhequency variable voltage
(YVVF) by using PC.
Perform the work of control of stepper motor by using PC.
Perform the movement control of Robot manipulators.
Develop and run program 1o perform the movement conLrol of Robot manipulators.

.
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(Computer Control System)
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3.0 Qﬁ'ﬁ (Introduction) 8§
WWWW-WlﬁEﬁeﬁWMWWWIW,W-W,

fore 2f¥drrig SeT dfoticre *R-E5R fada Fhm 15 ITPRT TEE 0" | IETH ey IRATER
L™ Rt v SR

3.5 ITOR FThM 87 (Define Computer Control Sysem) s %

cu Fehm P B (Controller) TR =120 <z ¥4 T8 wry *e~130m wHm Hodw 707
FTHM FeBT Z0m SEPetal SAMIGR IR, TR W CafHTR AT (Direction) AR @i e
TR | FTOR T OB @ ww efem, TR T Ieim Febae FEER (Contoller) BT TR
TR ' '

Ffougin vhm Frobn w3l SHItGe frty, wr eE AweRT SKIYE SHME TOR TEOGWE |
YD <7 TYTE FTFR SR T ITRIMR 9T % T TR A |

TR T (RF TR FpsrdEn 9 6o e (EE- 2T FEE, st Fred, @
fowgd, ot fmedl, Gfve st fmes, Remfrem sagm Tomf) mmmmmm
FPuBEE-07 IR e e e e 3% i

- 3R T URIETPR FPATOR i T (Computer control system with block diagram) §
FqRE T (AT -3 Pigradiem S wibe et T (- e P, St R, o
frred, B e, afee Bfnw fFae, fAafiene stGm Tonf) T 2oPR O IEEER ReTE
Wmaawﬁaﬁawmq&mlvﬁmmﬁmﬁwaﬁmﬁﬁmawmq
(Cornmon) = ST ATy oAl T |

Analogue error - o |
| ; S! I Systern output (anatoguc) signal
D/A converter SYSTEM ! £ >gn
. _ H
' b 4
A/D converter Transducer
'
h 4
Computer AJD converter
.
Digital error signa) T T Paper tape] gl
. Tele type outpul
Teader signal
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5 ¢ fra amfife Wﬁ G Pt GmETR, A/D converter, D/A converter, computer paper tape
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TN | GREEMER O/P signal-B it Signal XU GtF @B A/D converter-4 WY oMb Signal-9
mma&mmw[wawmmmmmmmmm
Computer-8 *MTHT T | 9% T2 Signal-97 T Gowil I Computer-> @7 (Error) signal 3 ¥ | & Error
signal-C¥ W91 D/A converter-&3 NYTH - Signal-: FAND P System- HFSTH System-3 Farmel a1
| G 1M 3 B RN FBRG 57, GIeEDR TR, SBReERR Signal 29 T0R 91 70 4 |

fora =8 =% it B © FShi My WS A e ot TR | SN PR BT e

wAfa e s s efiFmreaer e T

3.9 ﬁﬁ’lﬁi'ﬂﬁﬁﬁm 2FASH (Mention different types of computer control system) §

BTG ATHE S0 aue foa gem | -

Y | SR-ARA TR wrge ety {Online computer control system)
3 | - TR I ERT (Offline computer control system)
o | WRfFe ¥ToR srhm Hidy {Hybrid computer control system)

_ﬁwwﬁw@ﬁaﬁr@ﬂﬁﬁwwmwmm—

LComputcr CORLIo) sysle‘|
A4

v y v
Online computer Ofiline computer Hybrid computer
control sysem contrel syslem control syslem

R GTETE TG FEBTTE GRS O T TR | -
(i) ST 917 BTG by {Open loop control system)
(i) GFI= 2 TG BB (Close loop control system)

>smwmmww(mmmmmmm)s

5.8.3 TH-¥MIZH IIHTB 1 TG B 3
mwﬁw@mv@mﬁrﬁ:‘mﬁrﬁﬁwﬁmﬂmwmwmmwm EF SH-AL

FFToR FGA Beon 7w | g B Online computer control system-&3 Block diagram (=1 oM 8
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Fd2ai® 2 Online control system-47 &G FTT o1 filmm 5 -

T (Process) mﬁmm%eﬁawﬁwqmm,mmw:wwﬁmm(coml
pancl)i?’[?ﬁﬁﬂmﬁwml _ .

mm(ammpmn:mwﬁmmqwﬁfﬁwwwmmmmm
Control panel IR FAT TN 1 ' ’

FRBA (Comparator) smmﬁmmﬁwmwmﬁﬁmmmmmm

MR (Sampler) sﬁmmmmﬁmm%mwswm @7 T T I
T Gl i Frm %1 g3 (Error) Signal &Y 3T A/D converter-4 pic): NI

S Tl (A/D converter) § TR (AT WIS SRS Frermmce AD converter-4% NN fEf&GE
FrIo1ceT #1183 378 Breot X6 St sIscB /i (B et a1 T | |

mw bR e (Electromagnetic type writer) § 9f$ ISty (4% WS 76 O/p 9%
4T FvmreTs TewgErate BIRA FRBIAA MO A 3417 W) fBTeR o1t 2w |

PR (Printer) $ TR otwer wiheire oot Fw wiae whe o weret T o=y % e gem =

“MB/IMCBF Bt (Punch tape/magnetic tape) § «ft FoiTi WISOABTE MTBTtR NigTTa fofnBrer
Signal-& AT I ITERR T Reea oot 7w ¢ o : ' _

FRATH (Computer) 3 IPTHRM ww Graifics eafes fBRo™ amy 9w 2993 Rew ae
Signal-4% M4 T 32 0T BfBrer w1BGS aa ot Seory v g FweiFic o1 |

f&e s8R ®/A converter) 8 D/A FTOGRM 3f=Com e eng fEfedm Brtyhme sy St
TR T FCEE TN R IR | ST oty o} Signal SR A0FTE ASRTS (Desired) Value
(TR)-CS 16 T #RBPH (Operate) 27 |
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T I (A RO |

AD
converter

Controller | Process

R 2

L 4

Transducer » Scanner

‘Amplifier >

.Jr

Computer |«

h 4

Operatci Input
* Output [«
fhs).wwwwwﬁmﬁﬁmwmﬂ :
"3 3 fovm e 3w St wdm Pt Controller, Process, Transducer, Scanner, Amplifier, -
A/D converter, Computer, Operator T7ift fgy siffw | _ - ‘
msw-ﬁmﬁﬁmwmaﬁﬁmwwﬁwms ,
1 @B (Process) ¢ ITHIR Mgea e Rt 2=cs 4w, SILF I T 4T | AEPRS GrSAER
BB R ety w

21 BefS8R (Transducer) 3 Transducer-a8 geH Process-d3 WESG ang Refemim ot
(Physical quanlity)-C_‘F WG (Bquivalent) 2t Gempm TS T AW |

¥
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81 W(Ampmer):wmmmmﬁnﬁwmmﬂ@mqﬁ
FASEIA AR & Amplifier TIQT F0 TN | _

e aﬁﬂwﬁﬂ(wmnvemr)smm&mawmaﬁs(m)ﬁmﬁmwmw
FHET I FATHE AR T | _

©| WIS (Computer) $ FPEBRT S FTSTR c¥ea WTe BT Signal O SAIEDA FFF AT
Wiﬂﬁmﬂﬂ#ﬁwmmwﬁmaSigmlhﬁmWMmmm
ARG FITR ST |

q1 w-mh(opemm)zﬁ@mmmﬁvmmmumwﬁmwmm_
formast = | : : - '

% 5.8.9 GO ¥ ¢ GFtere v weher Fsom A (ﬁescribe the principle of open loop
| © & closed loop control system) §

| (a) o T T Bob (Open loop control system) $ (3 FCh™ o0 FICOM N @7 STEEA
%ﬁaﬁéﬁﬂwm?ﬁﬁdﬂuﬁ%@ﬁﬂw 1R 4B (% OIS TR v Iram et e 1 (WA
(i) 2CTFGIAT (OFBR (Electronic toaster), '
(i) @WR P (Washing machine)
(iii) 3% 91185 FTHM (Trafic light control) ToTfa | :
fn o «mls oo ot BT FebTd 3% S (TG 2Tl e a7 el e At ore -

. Command Relerence Load or | System
Reference e Coni.ml » Controlled pa————»
Input Selector | Input Section quantity Outpul

femss.8 Op-enloopnmuol system _
)lmW(Commandinpul)Saﬁmwmwwmmwmm
_m.mmﬁmmemwmmmuﬁmmmmmmml
Ql_mm(kéferenceselecmr)sﬁlﬂWﬂmﬂﬂﬁmwmiﬂiﬂmﬂl‘lﬂ
(e e TRl R vt w0 « Frr IR F o
.'alMW(ReferencemPut)zﬂmmmmmmM‘?wmw
mm&mmmﬁmmﬁqﬁmﬁ@m
: anM(Contmlmtiou):@mﬂmmmﬁﬁsmai@ﬁﬁmwmﬁmm
mmwﬁm@mﬁﬁwﬁuwmmt@ﬁﬁfﬂw'aﬂ%m—wmww_m|amm
Rz fimn, ARG o1, 86 A (A0 [ICH FA W | '
¢ | (e e BThWE (PRRDH (Load or controlled quantity) 8 TS % foeiss @ @fmee faet +0s
4 TR T (PTG ] FCTTS IO 1 (TF ATHISA SHBO{S w4 | |
mﬁﬁﬂﬂ@dﬁ(smmompummmmwmmmmmﬁsﬂmwu|
b) G 7 oM FoT (Closed loop control system) 8 (8 ¥CHM™ FBT Fchm SOy ¥
' uﬁ%ﬁa%ﬂaﬁﬁmuﬁtiﬂﬁﬁﬂﬁ«tﬂﬂﬂﬁﬁﬁﬁﬂﬁ%@v@'mwm
Frstn T | @E— _ '
(i) oo % 2TH™ (Motor speed control)
(ii) CB™™CABGTA FTHA (Temperature control)
(iii) P PTT CTC=A TR (Liquid level control) Boifn |
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oo SCh™ Pt | 59
fanoa fomm wﬁmwwwﬁm%awwwwwaﬁﬁmvﬁmms

Exrror dector
or Compmston
element
> Correatian o Process >
unit Controlled
- " | quantity
Feedback -

‘-Slgnnl unit

5@ £ $.¢ Closed loop control sysiem

)IMW{Referenoemput)SCﬂﬁﬂmWmmmhﬁ@ﬁm
SPTT® (Reference input) &THI IR T | @A ﬁrm?mmm q ﬁﬁ,ﬁw a7 fEBaa 2 F=ifwee
QfSTITS STt MW |

8 | Ftiftes ufers A Wm(Compansmn element or error detector) 3 (TFTEM TG @ fersarz
mﬂmm@ﬁ@mwaﬁmﬂmwumﬁmiﬂﬁeﬁwmw
T & R (I 9T FrE <er | o om RBET wiEbel W ol | o™ I B @ I
T A | R G EB ¢ frsrre S g o 9 TR 3 e wietvS shew T
ITGE LB Fiferrs ey FoAMT =90 |

@ | ITRM LBFB (Control unit) 2 @ EBIT ore @ Fverm =G e BB Wi saew 3BH e
TR | T IR 260 rgE conmabe R w@

s|'¢Im=ttbﬁ’3((:ormuonumt)sﬁmmﬂﬁaﬁmeammi@ﬁfwwml
FThRT TBRE (7 iie FrmETE ATsam RN TR AT RS0 (At T %W |

¢ | 87 TBEE (Process unit) § FIEIH LT (37 a1 Frmm sehrre Al et = e

ety et RBME e Fwi aw

& | FrET® 2BAP (Feedback unif) $ 4 TERTEA MR ITCERTE SHRATRETS FRW 933 RBOIR @R 331
W o9 S G Ft ax s Prarem artes (Afébs frsames o) o R

(crooiie frvamtes caua) aaa B BoTe IThm 3BAW comd 3 |

wwmm@mqﬁmmaﬁmmmﬁwmms

(i) SIRFIBIR ATl BHAwiRE FATS AT |

(i) fBHeT™-az ~fme = ¥

(111)%@?@“’%&%%%’%“@!

(w)uﬁﬁawﬁﬁvmwmmwmmwmﬁmmm
TRRTReT TR 4t == | .

(v) g Bt crerer G b Bvers =3 |

>.¢ FFHTER ITHMA FETTR AT (Application of computer control system) 8

(®) Foumam qfes Girs+ fanm,  (F) Teifhue aom R,
() B=IRER IR, (%) cafswrer G554,

(8) fSemfiera rhiw, (5) e Thies,

() AC/DC motor ITRITA, (W) B STHT,

(/) BT ITHITA, : (8)Flooding SCHT,

@) P mrgEesific-a, (8) et P B |
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3. WM PBiosw "ITC#I'-IT"I IMTOM WY FM (Techniques of use of personal )

computer in control system) 3

oy () srhm bt AfRrcs IR-Bhr svhim Bt AR v oy wrem e T
FRrEoR Fohm Fredw Y WTEs TRy | FME0R =g Bredy 3l wibrate Bobt R wron anrw
TR VAV QR FEVEWR | TOPGUTR (7 TTHR IECR S 73 WO O3 I8 T FW 9T |
ArrTE AW SERYTT O IEORM Al 07 Frwmaes e fena awt Fm of e o
W 7 T PV W | W o (AT o, OTR emrenty wrifee S Besty w0 amb-a fdon o)
farn =B <trfam FFoRR T TREFIEER Frflrs i «frm sulim Boba uv 73 fom oIt ok |

Input signal source
' Powes Giry coded disc
) oW
Microcomputer . mpliﬁcrxachogmrator
preou S S A e maor §
1 1 ] 1 Anal
Computer - ¥ | detecting + .:::‘:;HEHEDAC-' > p:sosm
terminai 'wﬂware ' L P P
s =8y S 20| ‘enemreas Binary ======== lmeend '
i A, 1 error :
. 1
’ P'ure signal Digital :
Dic Q—b binary speed H
syslem output | | signal 7777 LI
si ' H <
wl ADCH
L) [ 1
. l_____.___l loenerd fronaccwaeoss
| Gray code Analogun spoed signal . PR
) y| HOpure | | Dighal |
Locat 7| binary i< :poﬁ -y —
. - 1 1 1 -
swilches sconvertor ! Lol -
and software ) Gray code output signal
potentiometers ptniatehtated

f&m 3 .4 SFE=B0E FTEm fAta =rfiam RBEw T «t 31
A 3 SIS (UTE WS SR ST (ADC) S § fefabin sweii mara fefebm
BT FeIe 9 T | MRAE GF (Error) Bremrm aae Granemnsba Brmm aqn wagm feikom s
i wEbemitm myn gafie T St fuet i oW aumemn (b S i #@ DAC-
(3 %180 | DAC (Digital to Analogue Converter) @™ P wpmms e #rew »w | Bebas
wﬁwmwmmwmcmwmqummmﬁ'mwmﬁnmﬂwwmwm
SR T A W

b.ﬁmmmmwmmmdmmemn
TIBSR QT FRTR TR ST R TR TR (e - |

Process M Feedback » Conlroller *Communicationia_ N Compuer lo_»]  Control
network g , port 47 CPU Y Fleonsolve & VDU
% 3
-
Memory/
Swrage
element

51 £ 3.4 Lo W FTOBTm B B i
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r

=foreta Tehe Pty E »
el 3 FT0 T FTRIA TS [y BetrirTaras @ fat g oo <t ¢ '
() W(M)smmmwmmmm,mmmlmﬁmﬁwm_
@m, Teeham, TG, rliam o 3Ebe 2o we a-@E o o)

() RIF FPGHRE (Feedback network) 3 SN (FBERRE 3 VGTH TS TV TS A
T ARG T TR0 FCHR-q ST T ) :

(o) W(Contmmnwmﬁmmﬁwmwmﬂwmwmmwﬁz
W&ﬁmwﬁmwanammmmmmﬁwﬁmmm
FR5R u FEEifiter A e fawEs 3t )

(8) IRBAEHR M (Communication port) 3 FCHRIR (3R IEATHR FHRT (CPU)-417 Y T AH-
e 71 RS IR o FRSHTe ool e T T

(@) TPIEsR BFRE (Computer CPU) 3 FTBA FFE TNty WRAIFT THDGWR- o3 mm e
BrebTTe sAfEsE M | ITHER T @Y AeE 97 s S g @afite ReFS et
Yy g A (At o, mvﬁﬂﬁmcmwﬁemmmmmﬂwmﬁm@ﬁmm
(oNTBA TIYTH ST T8 | :

() W ITEM GR RIS (Control console & VDU) ¢ AT 4R FT0R HHEE 3 srlafnz -

' WW(Display)mW@iWWW“]ﬁC‘NWWW'
7S TR TS 4% 0 T T

(q) CTNR (Memory/Storage element) 3 FHF TVDGWR - IATHR Frobws fisrmm &
LATATHAT (R (IR FA o) (R A79q9 o591 QW |

Y wiras ™ srhm firda (Dlrect digital control system) 8

6w Ry RfRbE SRR 97 I TR Whe a SOER oS W Gﬁ%@ﬁﬂi{ﬁ@ﬁﬁm
TR T WS SOTGA AT FHShR < PR (@t Ieee TR | oney IR AzRM A RRtm
St o e A | O (1 FEE™ et TRER SRESER TeeR 3 TE, i Tt ol segm Fly 7 |

e 3 P w3 o @Ff G Sitd RfSm wuhm Py et zone | Prebuftre oS
93 RS WP Tt GivfeBaa Yo 33t TwE | eyl GrfeseT «z wigswice MFBCHa 7 T e |
TR | A BOEHR qre NS ST RIS SIVGLERIER MW ADC-C® #1310 | ADC (Analogue to -
Digital Converter) S| Bt G S weiea # Bt ACE T IFHTOER CPU-a Ao

¥} Multiplexer | —34ADC| ﬁl : Control
— ry console -
Transducers L.t
Plant Data bus .
Digital e}
computer
Confrol valves i Address and_ CPU
' contro
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Temperature (7}

{b) Output sets for three kinds of actioﬁ
(2} Input sets for three temperature conditions .
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- 5 ¢.8 Input scts for three trmperature condition
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8 2 ¢.¢ Input sets for three kinds of action
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(Bew k) vt e 1 “cx Frm B105T I SR N 1w P R TR S S 4, O TR
wfer® FTHm B0 T 1 Fuzzy logic FRTONTR “Intelligence system™ '8 71 T | (R, R1RB, S,
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Y cafbTaba TS B AP ACHC! WiTAH + |

ERIFBEIEE (Quantisizer) THITH GIETS E(y wfers TR WA STt T2 efFurs
P& @fETas I | (- wewaR aFF fSRTF Brisk, ‘cool, cold, very cold RO ¢afEtatd Fotea ==t
T | @Yl Fuzzy truth value-(F “True, quite true, not very true” Q¥ Fuzzy quantificrs-(%F “most, few,
almost” 43R Fuzzy probabilities-C¥ likely, very likely, not very likely” ¥7TfW (ZfSTa(s Fetea T aw |
mﬁ Gt TS | TR FRCFTH W ]

(Beaf) v oo e e Twws St 0 O T GF GFF R (Fuzzy) APIS Foea
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£5fre © Pt iy IR 0T THRNTE " o | 303}
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. | Set of rules based on .
i humanoperation 1 .

| |
Set
point

___:lQuanﬂslzerl Controller IDefuzziﬁer]—-I Process I——-

!I Sensor |

Block diagram of fuzzy logic controller

Fuzzy logic STHMIRR 3% 5 S I 0wt ¥ 31 . [arifzai-2000, 53
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point

,__JQuamisizerICotmﬂlle‘!DefmziﬁeH Process |—t—»
| ]

Block diagram of fuzzy logic controller

(3) EBALER (Quantisizer)
(¥) FTHIFRA (Controller)

() feglewmR (Defuzzifier)
(%) AT (Process)

(®) ¥ (Sensor)
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. (Rossum's Universal Robots)-(% 9% (¥ w5 IPRLR P | Robot B Czech 7Y ¥ Robota (40T

PR W N Bt R S S B T B S T T i T e e e TR

A C TISTReTA
(Fundamentals of Robot)

SRR R T i 5 T G St e e S e b A

wo ‘Qﬁ'@‘l (Introduction) 8
3533 ¥ Karel Capek 00 Czech (9l 3w MBIFR S (1 @l Repetter® (Satirical) AGS RUR

G, W wiftre = T8 "Forced laborer” 1 "Slave laborer” |

v GRY, RBH, @i @, jr, B e SuHER @ (Definition of the
terms robot, Robotics, Program location, Tooling grippers, Work cell) 8 '

@G (Robot) § Webster-97 W, WTER WIFAC et TS THA (A wdﬁw Tx T oudme @b
(Robot) I |

Robotic Institute of America (RIA)-@R TS, “GR5 aﬂcﬁm BT TAAEDs, a AfEdaiw
wmwawﬁﬁam«,w,wmﬁmﬁm%mimw (Move) TS AT [”

B R BB i w3 caeiaam e (CTA— Controller W% Computer) IR 41
) o T RS cnateR Aot SRpied ﬂﬁ@iﬁf@iw e PR 41T | Prostheses, Exoskeletons,

Telecheries, Locomotive mechanism ZSJW (AACH7 71 T4 |

QRBA (Robotics) $ ARTH T @G ez, mewmmmwm
oty foa | umawmwwmﬁmmwﬁﬁaﬁmmm
BN 13 | Tl T, ~HiE P 1 TR a5 et GRba Frobs fwgs ¢ cnnfie
| R, el o STRGeE LU, e s ¢ Rufmrr w¢ fEfifive sl

! (Inter-disciplinary) 7w fion GRiba Feba sfie @ |

mmmrogmmmwsmﬁﬁwmwmmm(pw)mm i
(@RB G PP 0| ammmaﬁﬁw%mmﬁﬂ%mmnm
Cﬂwmwmmmﬁwwwmre)mmummmmmwmmn}
T4 G | IR R A mmmﬂﬁmm

B (Tooling) 3 (RIID WHH-T=TwEA Mﬁﬁﬂﬂﬁﬁﬂwmﬂﬂmﬂnmﬁmmg) T
NG, ﬁfﬁlﬂﬁﬂﬂﬁﬁ((]‘mlmmtmg)ml '

%9 (Grippers) 3 R «¥® Fews whm Prea fees, mﬁﬁ’!'ﬁammmm
ZEMBTE (T (Open) 1 TW, (Close) T FITR IJIH ¥ T |

T G (Work cell) 3 BiffS SA=atiem o) QR0 Y3 ool eI (Automatic) wvnﬁam
RO TAR wOTe, eWE o™ I | 9nE T @ wets fagp wffes mdiFn R (Auomatic devices)
(I 3 ST (Conveyor) O FUET T (Control devices) (TH— FFMTOR T G FOLEND A ST
%@ﬁﬂ(@'ﬂﬂ-aﬁaﬁn)i@ﬁw{@m| a



e ' SR Fehm Freby oS waftw
0.3 IR e e 3% (Mention the types of robot) 3

» @®9WT Robot-¢3 [Tarwy fofere oM m gowm ) 7a1 3
(®) AT hrevr oo IRgs (F1-wRewt Prbom ffers |
(¥) Robotics axes controlling-€3 s |
»  Coordinate system SFal caial f= eratm | ot &
(@) fifirst SR (Cylinder) coordinate robot.
SATER™ 3 Prab, Versatran, Antoplace, Seiko, _
(%) e (Spherical) coordinate robot. ‘
TG $ Unimation, United States.
(1) Y™ T (Jointed arm) robot.
» Jointed arm (TS ) robot AR [ o | o1 3
(™) Pure spherical
TATR™ $ ASEA, GCA, Niko
(%) Paralleogram jointed
TATE $ Hitachi, Toshiba
(1) Jointed cylinderical
B 3 GCA, Uniited States, Reis
»  Cartesian coordinate Robot WIAId 4% &% | 721 3
(¥) Contilevered cartesian
(%) Gantry-style cartesian.
> Axes FTE (Control method) LA (BT G2 SITH SV a1 TATK | 1 3
(™) Non servo controlled robot 43R
(%) Servo controlied robot
> Servo fAufir® QAT Wi R St © 3 QCe | TN ¢
() Point-to-point controlled robot
(%) Continuous path controiled robot.
> aggie Pefafesics Robot-c o w3 T | wei g
3 | Japanese Industrial Robot Association (JIRA)-% TS, GRNA M vt 3
(%) Class-1 (Manual handling devices) $ & SR fFSEPPIR Multiple degrees of freedom g, W1
AT WD I #fiwtre o
(V) Class-2 (Fixed sequence robot) 3 & G Qb wefia snefere #Rdfie woifrs ymifie
IS T AR TR | QT ST ofada v S Wit
(") Class-3 (Vaviable sequence robot) § @ TR QRDA Frérefe cafis w=ffvE, v aom
ol 3 el ot = T
V)] Ch.m-d(Phybackrobot) 3 0 AT G ammmmmm ae, oy
- WA NS G 3 |
(8) Class-5 (Numerical corttrol robof) $ 4 WY ARG it Afirdafion cemtira TroTR 39 e |
(°) Class-6 (Intelligent robot) § IR ARG ( (WA “FTICY FEAAH FACS 719N |
4 QP [@AROF wre A um w1 7
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RPN

N G
.0 RIFBF GF BAMFPR (asic components of robot) §

m NP SAMITTIE (Basic componcats of robot) 3 GG GV TotTR T d
S t WIFATeBR (Manipulator) T A
X | &% ATFWY (End effector)
O | SIFEBA (Actuator) .
8 | oif? foeigw (Sensory device)
@ | FTHMA (Controller)
& | *herm wTepfa $8fA% (Power conversion unit)
q | TR (Processor)

v | FWOGWR (Software)
o u.5 = o s TSR o T ¢ -
' Manipulator TV Carvera
{visual sensory device)
Joimt
{CoAins actualor,
Lronsmission, and eenkoe)
Link

k'k.“.m“ thla Controtier +
{position, velocity,
accalerntion)
y
Powerw - ) Power
actuniprs on conversion unit
Joinis i S
foar 3 .5 cuiet Brobom ISR

¢>

>4 W(Mmipulator)tmmmﬂm'ﬁmmﬁw,ﬁm,m;ﬂmm

BUMFPTR FCF 413 | it iy five g Foiis s g 7m0

U wmvh{ﬂndeﬁumr)zmﬁmmmmﬂamwmmﬁmwwmmw

AQTPRT T I JE |

9| W(Ammn:mﬁﬂnﬁMcﬁmmlﬂ)ﬁmﬂmm|vmmmimm

- O FEACF U F W

81 . MR RASRT (Sensory device) $ MifAEtwER fAfty weed wagl (Condition) —— ICHWRTE
WAfZS (Inform) ¥ A ARG AT e T i AR TR G THeATR e | wrwrba
fafen g crm- Aferm, SR T g Renl s w fBAE e T w0 uete
muwamwmwﬂﬁﬁammﬁﬁsﬂﬂwwtm T WEpTEsa

D Y TGS AT |




Yo , TR ITh Bt SR wafw _

¢\ FICHPIA (Controller) $ CAIBA FTHIPA V! THIATIRA WY W(G® (Cerebellum) 47 T, W
memmlﬁWWlemwmmquam
oM S ERIeYT THE MM WRpESEE e Wt TR amy IvheRE 3|
TIReRBER 3% 1, 1S © SRy P v auaredin fifes e T wa e |

1 AauR e BB (Power conversion unlt) $ Power conversion unit, sequencer (PTRITERR) Ate
arerin Femm g I mwmmPowerlcveFaﬂﬁﬁmmaﬂl
WIRFRROE TRRANR FCH ACE |

Q! mmmr)smm@iﬂmmmﬁ@mﬁmﬁaﬁﬁﬁm|mwwm
¥R @ IS TS TR Ot e | BS sty Frob, cﬂﬁrmirﬁﬁmiﬂ TEOEUR TerifA
TLER I 40T g3 Hide sies Aftstet 3w

v | TEOGIR (Software) 3 GAID bt o1 wav AP TGS TH | I 3
> 1 Wiy Frob, W 2fHEhare oD Tam W= A7w%E 9 W)
Y R Tebheum, O FREEHE ANFAY (Kinematic equation) U ARGT &S etwrda

amﬂww&mﬁﬁmmv@mm::m -

o1 WA ¢ WiftTrm TEDCTIRR STV, T @R (IR eI TR 3313 & (ol 31 2 |

9,8 aﬁbmﬁmm (Discuss robot joints) 8
@RS WErSTIR (Robot jolnts) 3 (ARG 2GS Brubew TR~ (F) AT (Lincar) WS, (V) gfrw
(Rotating) WCw®, (1) TR (Sliding) WS A1 CIPIFS (Spherical) &GS Topf (

i e waes 367t 3 el TS sE cft RS W TR Riey wrw we aft = A
IR @ R AN et e eftn | g et Idie RGO W Wt 43 W TREs W
ket careet forfRmm s bt e R F @) .
fig@ 50 Cylindrical coordinate robot joint (AT TETE (

Yaw
| :r (Teft fo vight)

- Minor axes
. . {wrist)
Minor axes R
(body b
R = revoluie joim R r P R R_ R
P o prismatic joinl )
o WA R
A Roll  Yew Piwh
' Fixed end Free end
: (ground) (tool plase)
i

ﬁ'ﬁ 3 u.% Joint classification of a cylindrical coordipate robot




{ GIRG TS »)
Rremite TEOET TEEE T NEHBE (Prumatc) PSR s fifas Brrdis SReR @@ A | o)
TTHBGTE (AR TN VWD PRI AT T QW | :
RTEPEE (Revolute) SRS (AR BITTR 70 1 e TRE o FAEive @R wrsee Resiwf
WATE A (Commeon) AR SR GBI BERDewcs GBoE Viba werat Arewion e vt 731 =0 |
At fova fafSs 2919 Prismatic 93¢ Revolute SIS (THITAY ZT°1 8 ’

g

Prismatic joint with its axis in plane of the paper

O | Prismatic joint with its slider perpendicular 10 planc of paper
|f | . ;

Revolute joint with ils axis perpendicular to the plane of the paper

artm

- ’ | ——| Revolute joint with its axis in the plane of the paper
f5t 3 &, o fafSs %R Prismadc 93 Revolute WOTS

B @.tmﬁnammmwbeﬂmhaRmmammm)s

ARG careeE @y 7% S (Formatye SiH 31 W | T2 8

3 | (A& BITS (Base travel) ¥ FTEM (Control) |

3 | AT (Axes) BTH |

. (@ TN (Base travel) 3 (IAU5E FTSA T T (I8 @7 RS (Movement)/ T @7 o fradion | wfezes
2 (%0 Robot-9% Base-(¥ FIF! (Factory)-9% (R (Floor) CTRR AR FHreT T T3 T | SR Base-(@

—-_—-..__.__...._.___.

1{ Rail S Track-a YA ¥ g9 37 Boawad w4 T fatas BT Track @ T Base Y= FLA Linear
I travel CRRITAT TATR | : ' ‘ :

M

|

f6t ¢ 4.8 Robot manipulator base mounts (Track mount for linear travel)




Wy vﬁﬂmwmwm
fipy A TR CHTT Base-CF BIAG YA I T 41T | O 4 FEAMTE Cantry mounted robot 3 |
forra foT@ Robot @3 Over head mount CTIRAT TR |

Base

Track

f&1 § ,¢ Robot manipular base mounts (overhead mount)

b, G TCE™ RIEB (AfA=-«% 3 (Describe the axes control robot motion) 8

@A (P GREGA (ot FenrieE 4R e aF @@ (Constant) s Fremm 93 TYT AR
fepta FCEM 91 W | IR @ (4 93 RE (Constrant) FrEe BT @3 T @ 73 @R
et (SRE) FTHM I T, ST AT FHW @RS T 1 ekt Fredr Maged g (Constant) frwae
BTV TR AR T i 1 A BT 3ol et Ry ReTE IThm 1) e Feba weid
TS AWOR WU (AP TR 4R 93 e FeRre wom @i AffE™ Valve T Data-CF
Srrstis eI SIS IR STRENGE <19 ) T4 FPEAT R R IS AP 932 T TW O A
b «ftet an | .

aﬁﬂwmmﬁwmmmwmqﬁwmwmuw:

S | H-7CE I GRB (Non-servo controlied robot)

3 | e FTHM @G (Servo controlled robot)

v.9,) TH-ACH FTHW (Non-servo control) §
- FE™ @EEE Bang-Bang” quuammaﬁmqvﬁwwﬁ%ﬂmﬁv
354 (Hard mechanical stop) 9% TGO <ICAT T, W1 (RTACHY HITee (F) <Itd EPH S T | (R g Jiee™t
P TRER FACT Hard stop-(% A #40S T 1 @ W0W (a3 o o o o2 en (Degrees of
freedom) i TEEIT CRIHR TG R | I &

(¥) Up/Down

(#) IvOut and

(*!) LefuRight
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o fova -t Ivlv Froba orticT wom-
s Actuator for one-axis
motion
Input signal o ’
shift directiona _l &— .
h{' Hfr ertravel
E' M detector
Prneumatic or }]w
hyfraulic power :"-‘ ——1 control
! \Directimal control
input signal 1o -
shifl directions '
Poeitional o .
feedback signal ™
Overtravel signal -+
B ¢ ©.0 T wohm e Sety

., NTE FTHM (Servo Control) .

m@mﬁwmmmmﬁﬁmww@mﬁmwmwamﬁﬁw
AN FCRIT GG A | AN ITH RIAG WARA et | gt g '

(F) SHRATUA o oS {Continuous path sysiem) G, *

(%) *FOr0-B-1erB 53 (Point-to-point system) | _ ' :

ﬁﬁﬁawﬁmmeﬁaammawﬁmmwmﬂﬁmtﬁam)Nﬁw:
ATHE QB IR e Af (e GO waR A 4T | ARG e, Cmal-cofRfe ura ST
TTiff I 4R AT TGS W ¢ 7 oTE-B- 1 BrroDrn af AT o oD e R (Starting point) @
at’r‘o‘ﬂrtﬁftﬁwcammmﬁqmmmint)mquwwmwmaﬁﬁ!aﬂm
mﬁmcﬁmumﬁﬂmﬁwmmwamammmmwmmmww
(Jerky) ®H |

IS FTRI QARCGY B foem (rame ween ¢
Acluaior for one-axis
mo;:ion )
" Input signal to - o
shift directions ™ F] I on |
erfrave
T_’ﬂt . detector
'osition
Hydraulic power =~ .F"’Wl
" Directional control
- Input signal to
shifi directions
Positional
feedback signal ™
Overtravel signal %

51 ¢ .4 TN Controt robotic system -



Pr—

8 FFE0R TG BT WIS WA
b.q of, RETm 3k TR GG @2 Robot W W0 Ay (Differentiate low, medium
& high technology robots) §

o1 (ORI ITGIGR 2aM8T (Characteristics of low technology controllers) § (¥ (B3TTM{® FTHPIM @
Reprogrammed ¥W8 I ATF | afbm bt a3 3y a8 TN Reprogrammed TR WS
G+=@ Controller 9% Movement-(& 21 Bi&fiR ﬁMﬂTM (Cam timing signa!} 991 fRarre & o | PO oSy
FIteR W RS (P SRS Cam-93 Movement () @3 ¥+1a ¥ 3@ Cantroller-(® Reprogrammed
FACES QW ¢ ATFG Plant programmer reprograntme &% F1SI0 ITA 4IF | Q Reprogramming process 3 wioe G,
AN T AT QWY ISR Low technology controller-4 Reporgrammed 41 &A1 |

% ICHECR Ay 7 SR - _ '

3 1 (¥l Internal memory (%, ¥ Data store (TR TATS 41T |

2 | Electronic signal produce 331 @3 Axis movement control TR TS, YT ﬁ’m Microprocessor base
system (7R |

- Preumatic
Maximum weight supply
capacity meusured
from lhis point

B0 ¢ o0 (1 Gareia ot
ffSu GeEmi m tAf8T (Characteristics of medium technology controllers) $ Y2 T SR
(Two or four) W TSTTCBA W= Medium technology controlier TR W ZW | fufemma Garmfa FrhvRem
TETHFAEPR (P76 T 4 Memory UIF | TREFUCIH WS o8 RN 3 wgw [y ufem
Movement RGP T4 70| OB Gewmiew wqene cfvemm fPeidrr A shlfeewe w [
XolB/iSh0 TES 7w 1 WA P, ued QR aife o gk wRwfeR @n v FA0g ) 1o G o TR
A3 T FAR U 4GS W 4T S GRS ICHINER IR Signal AW R FURWR F& (Job) R IW |
ST ORI G IR IS QETR AITE A (A [T RS SRR P P et 5% T Job-F
Pick up 3% awM | fag fovam marTe ffwn Goteme FTEMIR (T Tt
- Ready for part
Rabot Start cyele Machine

controller Part finished chuck
ﬁ— . i
52 5 4.» FfSUR GRER TR T ST

First degree: Rotalion Wrist added for
: round centerling of robot additional degrees of
u freedom of movement
Hend axis

{addilional fifth axis)

. (eddivional sixth axis)
"Roll axis )
(additional fourth axis)

A. Three degrees of freedom B. Additional degrees of freedom
5 2 &.50 Fiftwm GTTIMIER Q5



RRT FIETTOR W
L1 mﬁmm (Characteristics of high technology controllers) 3 ¥R (AeTfal FEBMITR
a3 QR =) awet aeh TRmRdEE, aaﬁm-ﬂﬁwm ARG TSarBe &= AATS)
a@mﬁcﬁﬂmwﬁ%iﬂmﬁ%ﬁmﬁwwwcﬁawmﬁmmmm
i3 | et 3
51 Wmﬂﬁ {Power supply) CT®¥ |
2 | THRTPA (Interface) CTOHH |
© | I FITS @ (Axis drive board) GTFH |
8 | W (A (Option board) GRF= {
¢ | TMEEFILTTR (Microprocessor) CTT | :
mmaﬂmmmmmﬁmaﬁﬁﬁmnewﬁm%m;%m
TIYTH End effector & T SN (AfRceate RoRem wug oo afedt 9 o6 | afd TR @R T
‘aﬁmmﬁmwﬁmwmlwwmmmmwﬁﬁsmﬁmmwwww
WA TE FTLITRCS Sieie STORTEER @ Ferafie 3 |
fAwsa fom @2l ¥R SRR raha 73 SIS GG =0 8

Teach
pandant me..__| =
Eid

-

CRT process board

EROM boord

=" Bubbi board ~ § Option
ubbie menory boards

Vision interfaching board :

Option board

F 3

CRT

Axis command
boards

External

memory 17 Microprocessor E;
External 3§, (MPU)

computer

L 4

v

. To manipulator
" axis motars

s S
Tnterfacing 170
— bord

. To peripherat
7 devices

A. Supportive components

DC power To all

supply boards
board ®

1
From ptant's. AC input > Toservos
three-phase power ™ - board

{3 To axis motors

B. Power supp]y board

 fEsuss Block diagram of high tachaology robat

gkl Sl gl LIEIS EaGlkale



 ITHEIGR Q4 G T TRWREEE, 1 s e ¢ it SRR e wm ) qieE
AT B AT ATE o1 9% GreITa oo (e =021 =0 1 IR Gt SHEE NS 31 TN
fateparm zama sivd] witR + ute TEs RSy e e TR @RS 9 | 1 G |aET 093
TR W () O3 Y ITHE IS M uzR @ft FfeTm GIEmE srhE (e Fe s i ws i |
T BTG FEHEAC T (7R CBrame TS Tom oy weEs @ Q¥ I IS RAM
(Random Access Memory) €%t ROM (Read Only Memory)-c¥ AT | FICHFRR (AR R (Range) 32K (AT
64K bytes (IZB) e T A |
. TR Beemfe Irhrmee e [(fey amm crfaream FoitA ) - External majentic tape unit, ﬂoppy
disk, bubble memory TTH® T& 41 |
- WA High technology controller 99 ANY Automated manufacturing system §% 9t | WR CAD/CAM

{Computer Aided Design/Computer Aided Manufacturiﬁg) T Qe |

CaDNCAM
erminal -

Robot -
conlroller

{57 2 .33 Simpie block of high technology robot
o1, ffSara © TR SRR @R WG T (Differentiate between low, medium and high technology Robot) 3
2fefB GatriEr Tox Y o | WFEE R @RS GFE R I TR N | TR WA 1R Fgwel s

. | R M T R e X CowTATe
YIRE L BERGMTI A1 9R | TRCFRCPR (29T | TREFLTIR (TRTE |
(Controller) HiSS HEE |
3| | GREPOeN | | SrLe GRS QG € ARG | | ARG A SERE |
w | | oIFeE™ 0050 CITE  0.025 | 0.2 (AT 1.3 MRTAGIA | 0.4 (4% | TEfo@
(Accuracy) fuferfibm | . '
81 | vian | | ieq eI GqeH | T A6 GRS 25 | e oS GRS L 35
(Cycle time) " | 4f7 5 (4T 10 OTFS | MW 65 CIVHBR «* | R 75 CIBRGR G
TR 0 | ofEER ofer o ofs | oiEer afEer ovm ofS
. o LR 150 Bt | G 175 SRR |
@1 | A-cEme 3 (ATF 13.6 ST ) 68 (9TF 150 (I | 68 (4TE 150 (afer
(Pay- load) . -
b1 | G (Axes) | WR A BRID  490 | AT 9 GHG ATER AF || TR QL TG A A T
S | B s I afE AR |
q) | et owa GRS, @ W | CUBIAET (ibe @ AP | CROOIRER Qs (ot
eifer, QuBbiawe giefr, | a3 @PR @R o |Gl of2fr, ffere,
Pl SR, SR | iy i IeRe T 1 | 6 ¢ e e Renfi
iR T TS JIZS |
TR |




QIS FrETBER . : Wq
b.b RIRG cwrm @& (Robot refcrence frames) 8
wmrhwmﬂmmwﬁmmamw@ﬁﬁwwmmmwwwwwmwmmxm
U™ 47 MY WIS @NeER. FFS et 3w @RS i aT FCHMR @7 e
wm%ﬁﬁammqwmmamwﬁmﬁwmwﬁww|
b, 7 fotaw Tty et Reference frame-Stat (Rt TATR—
(%) Base Frame (B) : G130 =TGR (M B (Base) GFTAY REN | 92 Frame-(3 frame (0) O T W |
- R SR e ot 4% QTR I TSI T 4T, T I v R Qs 49 T A |
(4) Station Frame (S) : wmﬁﬁmc?ﬁmw@ﬂawmmcbﬁmamusmmn)mwum
Wﬁim%ﬁ%@wmw'ﬂi @?ﬁWUmverseframemwml

ATF FYTS FITS Task frame A World frame-2 1 T | @ GOt TR0 (35 @R AT ﬁw%
]I

. Tool fram.e
/(

«— Pin

Wrist frame

Siation
frame

frame

Base frame

- 5@ ¢ &, 30 (a8 e oy

(1) Wrist frame (W) : WA= 6aB7 o1y s o7 =g W (Wrist) G & 4103 | TP Link frame (N)-§ _
TN | Fer Fuioa 39 (Base) 936 T B (Fixed) 4Tz, T (1 FTR AN FEGT | -

(%) Tool frame (T) : ARG (@ B AR TR (TR F (O TR I TR e, TR SR §A G A0 |
W&WW ‘I‘Tﬁmwmﬁngemps—@a ﬂtﬂ]ﬁﬁﬁ‘ﬂﬂﬂ?ﬁ'l tﬂFrame-C?F Wrist frame
43 AT el 37 <4 |

(8) Goal Frame (G) : (B B (Tool)-5TF1NE (RTA AR GR YR OTF QT 0T | 47 T4 5164 Ta=I
mmm|wmwmmmmmmﬁmwﬁ%cwmmmimﬁ
MWWW|



Y =180 Irhm Freby wirs waiby
.5 QIS5 caislifi TeoaeR 3t (Robot programming modes) §
QT qR QTN Fiww Tom Bfts I @ vy e XA T | IO F o e ey
SITATIOS! ¥ T | (TR ’
> 1 Physical setup
R | Lead Through or Teach mode
© t Continuous walk or Through mode and
- 8 | Software mode. -
31 Physical setup : awmwﬁsﬁmmmmopmmmamW(CM)mmwmmi
T TAMRBT JRECTF B I TR QRGLS TR W) FeIRT (M- PLC) @7 STice et 7
T G TS FIE A | _ '
| Lead through or Teach meode ; 9 TS IR0 WW’E@W Teach pendent-93 ANY GG {Move)
IV | FMfEFS WIGA (Location) 4R WY (Orientation) W& & (oMLa~mis FCRIERTE e
(T | Play back-93 190 WéR 517 SRY FTHITR TQHHEF @ GFTasts A3 WIYW (AR AfIBrE
¥ | Point-1o-Point Wte, (e ey *mwda g @ @z s B 9T = 2 fmet o .,
ORI QAT e eIt ’
¢ | Continuous walk through mode : 9% (8 FTH™R “F@:?-‘ wiRaesty (Continuously) e =1
€71 IW @ T mzm'mmmawm|mcamaamm
BUF AT € (Execute) T4 | WATAD @7 TUITH S @ ATy | YT WARGH R
4 93 End effector 97 YT TG 7 WOy @MT TR AR 92 TG Tgw SMET
. e TR 9 @ 1 g (Painting) (T30 W? I “AfisiRre am 9 |
. 81 Software mode ; w3 R WA WA AH-AB AT TN ez FrEe e PTG
9 TN B (el 4 (Execute) 31 70 1 S 4@k wiie IR I B &) SA @3l Y e
4TS Sensory, information, corditional statements ((W~ If-then statement O Branching feature
technique) TS SOYE A1Tas | wfirleed BSFEIT GRS Gl TE Al A QN ANF | 2iF
(AR CU-CPI] O‘-‘:’I‘WW =z {Execution) "[C‘fwmﬁﬁﬂ T @ 419 TR |

B = s aoea < ]

31 ARET Wet I ReRwr A o | | | |
@R e fESRATR T 8 Prostheses, Exoskeleions, Telecheries, Locomotive Mechanism o |

1 Breks e )

QTR R o fore @ o1 41 s Qreoes g DR (lnterfacing) FIW GRTS
Bfeie I §A (B (Tool mounting) ICA |
o) R IF T

ﬁmaﬁmmqﬁmmmﬁm@w,mﬁﬁmmmmwwﬁm
¢4 (Open) 8 T (Close) I FTH IIXT 27 | - :
81 oW o™ e & e
4R A 4T B PO o @RD Y erre i T T St s
NHSTP GUE G (Worek cell) 391 | ' " '




_ QARG FSTIORM | | ub

e\ mmﬁ'{:mwwr ' [ArRAfETR- 200y
mamﬁmmﬁm o T P, BT, W e R T SR
Wmmﬁmﬁﬁﬁammﬁmﬁ@wwmt

v % B0 (End effector) FTF IN? Rt 3o34]

wﬁmwmwmmmwmwmﬁ@mwww

TIF % RTH TA | _
q1 ARG PR (Frame) 3T AIN ¢ #N’Tr . {2~ o0e, o}

W1, Robot-«% Reference fra_tm-!lt"l'lﬂ‘ﬁ? : [A=TR-2033, 5&(?1‘&)]

EFzw]) s cm ateine A ewm | W g

> | Base frame % | Station frame
O | Wrist frame 8 1 Tool frame
_ @ | Goal frame . _ '
v @RS e I asm s Ry _ [rfiteal- 203, Se)

(B f) b cotanfie e v e 1w

(i) Physical setup

(ii) Lead through or Teach maode ..

(iit) Continuous walk through mode and .
(iv) Software mode.

»1 mmﬂwmeﬂﬁr '

ARG GRPI 4TS R ST (W ¢
S quiirc@r(aase travel)
3 | af A ITH (Axes control)

30t i Rt QIS T aR o

f3 Reasen QIRG 1R &P/ (74 3 ;
3 | TH-TIS SR @G (Non-Servo controlled robot) 9<%
3 ¢ AT TR ARG (Servo controlled robot) |

5 1 Robot »rsa.ad &y |
Robot 3918 Czech ¢Pitw =% “Robota” (ATF QTRR, TR o 2 "Forced Laborer” 91
"Slave Laborer" | _ '

3 | QIRD FITE I ' : [aiRTa- 205 (1))
T, e e : - [QifETa-205, 2053
ﬂﬁmwwﬂwwmﬂwm“m%m‘lﬂwmmn |

%9 | (IRG Component ST (MY | : farpfeTal-2004}

' we3l, G o G-« R weterR AR iy [Ri=Tn-105¢]

a“ 3 | WifReTABa (Manipulator) T A
3 | 95 B (End effector)
© | SRGTEGA (Actuator)
8 | oTfA {EEIEA (Sensory device)
@ | STLETE (Controller) :
) Y | MR Fert FBHD (Power conversion unit)
. 9 ; &4 (Processor)
b | STELE (Software)



W0 N ST S —

58 | CAM CAD %y ' " [AfMat-3008, og, o, od, 33, 3%, ¢l
CAM CAD-49% ":[‘f =< ZA Computer aided manufactunng @ CAD 93 74 = T Computer -
Aided Design. :

¢ | QIR arw Twws Fi /e - [Arefiat-300y]

(Eza ) carasa e wfar e SR CR TGS Rrme TGS TiTe ST e T TH O GG
IR SR SAECTRE TS0 FOTALS oS 2 TR | 9% ISAIGTNS EN A1 57 |

S | -7 At Hy farfil-x00¢]
Wﬂﬁ@ﬁﬁﬁﬁﬁm%ﬁ?ﬂ*@ﬂﬁﬁﬁﬁ@ﬂﬁ(ﬂﬂ)wmmmw
m,wﬁﬁmﬁnﬁa@mmmmﬁm,m@ 6T FBTE (3-(3F GRE 0 W |

nlﬁﬁmwﬁr » : [FfRal-30)8]
- Bzl R ol e e v Frdw fewiee, s B e ey T i 2
10| (0pen) Q TF (Close) TR IS 459 =4 | .

v | I B Pt T A s | ' [FrfTat-2058)

aﬁ@ﬁmmﬁwwwws

Manipulator ' TV Camera
{visual scnsory device)

Joint

{contains aciuator,
trunsmission, and scnsor)
Link

IE)

i Ui

T

Joint sensor data

. . Controller o
{position, velocity,
acceleration)
L 4
Power to Power .
actuators oo CONversion unit
joints

ARG FTO0R FUMITSAIR



| (ARG PISIOS e 93

31 G P T T | :
(=) Webster-aa v, e et et %5 s TR < 31 RSz (A Robor) 2 |
X! Robot joint-4 SFRTST (4 | [Frefeat- oob, 33, v

W3 Robot BTrbemai & &y [FifiTat-300u)

8 |

¢

Y|

i

QAL TGS SIS T (¥) BRF (Lincan) wTw®, (%) g (Rotating) W5, (o)
TRIER (Sliding) TS Sy P (Spherical) WG Ryt | '

QbR I9re $ @y [APEL- 2008, ob, ok, o8, 30, 33, e
w3, it Py
mmmm,mem'mmemmﬁmi %
umaﬁmmwmﬁmmwﬁﬁamﬁmmﬁmﬁﬁmml
ST TS $) 3y

R, @RS (- o e e ) [Rrrfret-xos 8(#1f7), 3¢
Emf)) ci-sfers reva s s fom evmrm ) 7 |

> | Biftfe oo e | ‘

R CFREI - G

© | TED Wl qRb |

S N A1 ity o afwig | e g

(%) A% CHAFIR (Pure spherical) |

(*) “neEIETAN Tt (Paralleogram jointed) |

(%) wroe il (Jointed cylindrical) }

GIRG G G T I vy

mﬁﬁmﬂw_wmﬂwwam)wqm,mmmmmm
amm-m-aﬁﬁwﬁammﬁﬁmm;mmm
RS ¥R (Store) T AN T e RS SeleeR e s st (Recall) 31 20 | FN=R
wmmmmeﬁmml _

mcﬁﬁawﬁﬁg [Frefizat- k00¢, ov, 3al
Bzl cresa am ar it oo e |

3 | TReRETR. N 18 N R e (Manipulator)

R | 9% TP (End effector) ‘

© | WIRFTAGY (Actuator)

T8 ofR sz (Sensory device)

@ | ITGIME (Controller)

b | TR TSR FEHE (Power conversion unit)
& | A (Processor)

¥ | AESSUN (Software)



aQ FOAEER Tl s s At

bl GRS ISR P o |
B2 TR TN AR 7Y TRHW (Cerebellum) 47 W0, T TSN ¥ (Controlling)
F® I | FTOR (TP T 4 I HRFEOER MOE UEe W aw o e waE A

WREOHEA M T INE IEIRE I | Mmbr wE e, 4 ¢ g Rde e
guisrAn Mfifos s ITHME @ AT |

3 Gl word =f (- 00¢, ok, ob, o)
W31, Robot joint-d% PRITSA 0w =1 37 | [ArIfTt-2033, s8(fF), S¢)
3, Gl et 3T o | [Ar1fTat-2050, 33)

NG TGS WD TR~ (F) WS (Linear) Wew®, (%) gfumm (Rotating) WG, ()
TRfSR (Sliding) WTWE W4T (SRS (Sphericul) Wart Fenfit |

¥y ewr warby afa1 s -

CTPTF(S S STTem @t T3es T | B Ry T Fw aft WA W T 9 WoR el
frraet w31 wit?r | o st e Gt @ W aw-?:wnwmmmrwmmﬁﬁm
W B Wt R = AW

ﬁl'ﬂi fota Cylindrical coordinate robot joint CHATLT TCHATE |

an

Roll (rotation about center of jzws)

Minor axes
Minor axes (w::sl)
{body)

R = revolute joint

= prismatic joint

nen uzu Ru
Rell  Yaw Pich
' Fixed cnd Free end
" {ground) (lool plaic)

Joint classification of a cylindrical coordinate robot

; feeafts wwdonn AW 1 REMB® (Prumatic) Bt weat ffium Sorsts SR o <Te |
Q7T GTTOOTH UFE AT WAPS FA N QR 4 T |



Ot BQBIE S kAl il gt

«

| @RS FOTES | T
>o|m"a‘m'1ﬂni=m=rw=lﬁﬂi

% I (Base travel) 3 QIR e W W cqw qg s (Movement/q% a7 B

e | wfimne cwgg Robot-43 Base-F ¥R (Factory)-a7 qoig (Floor) 3 (WA v giifery

'QI'I?WW!WBase-WRnilWTrnck-awmm'ﬂﬁﬁmwmIﬁmﬁmﬁack
mmnmwmuMmelmml

Robor Manipulator base mounts (Track mount for linegr traved)

' ﬁqﬁummamwmwwmmu 4 YT AGIPIE Gantry mounted robor M ¢
o fow Robot @2 Over head mount (A XA | |

" Robot Manipuiator base mounts {overhead mount)



q8 ﬁmmﬁmwm
».aa-wmﬁnmwmw

(Benf)) -7m¢t wrim @O BangBang® GIRG W T | 9 WHW Q@INH ARACR TR @

wi&m TET 3B (Hard mechanical stop) A THIT AT W, T AEA Jrees (I91) o grot 3
T T g Gt ¥ IR FAC Hard stop-(3 ARASH IS T | 9 WACH @RTA (57 @om

ﬁﬁﬂm@m(nepmsof&udom)mmmwwﬂwmiﬂwS

(¥) Up/Down; (X) In/Out and; (™) Left/Right.

o fooa -1 ST RSB (TG v
' Actumior for onc-axis
notion
l i ]
Input signal 10
shift direetions i -
. _}E Efv ) Overtmv:l
. Position
deteclor
Hydraulic power e::wml
“Directiona control
Input signal 10 -
shilt directony
- Pasitional
feedback signal
Ovenravel signal * :
' ) -7t FChm i b

Y mmmﬂmvﬂd!ﬁwl

Eml) cies creorrs T IR SeTRGRT PO T S T AR 1 T, B4 2
CRIRBIBTF ALS! TR KT A | AT PRI (ARG TRW TAFR 1 T 8

_ (%) FBABUM A¢ *%fS (Continuous path system) TR (%) ATHFB-B-oite® Hrobw (Point-to-point system)
BT A¢ Prebm @6 wfe ¢ aa TYw w3 $91 a1 I@ wew SRR TR (Trace) WR T

R IRG I WO AT oifa Gotemre w7 €itd | (S erufie, CoEl-ciRfy @
W X sive 9% GRG I9GT W WA WS- wS Prbm ot R 93t arfis fg
(Smmhgponnt)\!l?ttﬂ'ﬁfaT‘ﬁﬂﬁ@@ﬂﬂi(ﬂﬁﬂ(EﬂdmmﬁWWﬂlW?’C‘ﬁ!ﬂm '
RGN (AR @I T oo fpe oot | M e & e @ cwen @ WWWWI

9 YT (RUE = R (erky) T
St FTH™ @A fon R o T ¢
. Actuator for onc-axis
motion - )
Inpur signal to
shifl directies
;| 4§ Efv !
Preunaic or [ }{m .
- Ihyﬁauli: power __:""‘-* conwol
_ ™ Directional conirol
Enput signal tn
shifl directions
i Positional _
i feadback Iiﬂn_ll
i Poo : 0 4 signal

gt Control robotic system
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39| Robot programming mode-91 'i'ﬁl"ﬁll . [a=fal-zoos, $8]

mmmmtwﬁﬁmmﬁﬁammmmlmmw

WWWW@iW—

3 | Physical scth_p.

2 | Lead through or Teach mode.

91 Continuous walk or Through mode and

8 | Software mode.

5 | Physical setup : QWWWWWOpcanHWNQWWWWI

2| Lead through or Teach mode : O T (ATALBA JCWOETA! Teach pendent G Y GBI 272 |

© | Contlnuous walk or Through mode : mimmmuﬁawwﬁamsmman

ARGY RGN GG G TR |

8 | Software mode : aﬁﬁﬁwwwﬁamwnﬂamwmmmmmwmm

gy B ¢t frdre =m T

| » Bl Ghr ik | |
3| QBT cffifReor S ) - [arefizal-20) 0]
.3 T A FE
At arb ﬂﬁﬁﬂmm'Qﬁ'ﬂ | [arfiral- 2008, ot, oY, ov, ob, 33, 39}
b.oi&mﬁml _ _ _
o) QRS G @ @ Ata T [Rrifci- 2009, S0, 33, de]
(ol v A 5
8| QRS ¥ RS caifie T8 3 =) : [aRef¥Tal- 2008, Yo, 33, 2033
e, (@IRY caeifiR SR 3 WS ) [armificgi-2ose (=)
.5 T SRS BB | -
el mmemﬁwrWW|
| ) .o e s 9 |
EY mﬁﬁmﬁeﬂmm mmqﬁwmwu [arfica-20se]
0.9 e WERT BB | |
q) Wﬁﬂmﬂﬂ'ﬁﬁwmtvnmmwﬁml' : [aifat- 2008, ob, 33, 53, S@]
WA, 3 SRR QRS FebtR Rf%3 Compenent-a% T s | [arfeTal. 20 8(4ifd), sel
B, Block diagram-71g Robot system-«R fRf&H Component-4a 3t whe | [a=f¥i-205
N, 3 o i QIR FTHRIGR FC-ITTReR 3 s | [RIfRi- 20 ¢ ()]

(el o e v

@




Y| (Feature of Robot Manipulators and Controlliers)

e e R O NN NN RN A OO 5 T 2,7, ut

[ I
43

9,0 §fi3 (Introduction) $

mﬁmmm,mﬁlaimﬁmmﬁﬁﬁmﬁw,mﬁmmam
MR S I | W TG QREA Rfby OM Movement a1 sfers faat @ ) mifiesa
mmmm«mm-mmmmmmmﬁﬂmmﬁmmﬂw
mﬂﬂmiRoboﬁcopcraﬁon-tﬂﬂﬂﬁma“mmGﬂmtmwmml

1.5 RRB - ¢a 44t (Describe the robot co-ordinates) §

@mﬁaﬁﬁqmwmwmaﬁrﬂmwmm&mﬁm-w&‘mﬁmﬁmm
ey awr QR - oy o TR :

q
I
| ‘ﬁEI:

Articulated SCARA

: f8a 2 4.5 Robot conrdinate frames : '
fererafo® (Prismatic) awrta p g, Rreires (Revolute) WIHDHTF R WA AR CHRIFTT (Spherical) TRGTE
S W &FT I AW 1 MWW P, R WU 'S G QARG FARAGS A | '
QRTA Rfey aam @SS Brobw s figy s =2t 2 ¢ _
S mmmwmﬁm(wwmmmamwmmww
!ﬂumﬁmﬁﬁﬁmmﬂmﬁamﬁmmﬂmammwwmwm
' eﬁm««wwﬁﬁsﬁmﬁ@%mwtum}wﬁmmww| .
) PR @SS (Cylindrical co-ordinate) $ U R2P <7 TTH €F 1 T 1 G LS
qﬁmewﬁﬁmﬁﬁmﬁwmwmmwmawm
mmmwwﬁsﬁvﬁwﬁﬁmmmwl



5 QR fATABY 38 ITHRTR @z Laferdy 99
S| CHREM @LTEE (Spherical co-ordinate) 3 @ “EREE “2RP’ 3 TG &It T W @S
ﬁmﬁﬁeam.ﬁmamﬂmamwﬁﬁmmawmmmmm
RO T wy Sffiw Rrefes oot em vt gw 1
81 Wm L | mm LSS (Atriculated or Anﬂiropotmrphic co-ordinate) 3 4T
' 3R’ R WG A 1 T ) 07 AR queAt TG TS qRge @z i e e |
4TS T RICSA (Human hand) TTet Rt Rrarres e aee w1 2 | | '
¢ Prosids =itum weRd Qb ot (Sélective compliance assembly robot arm) § 4T3 TP
SCMAwwww:ammqﬁﬁmﬁﬁmﬁm,mammmm
wav{ﬁiﬁwmmavﬁwﬁsﬁvﬁmﬁwm%mmww&wmlm
- (Assembling) 9% & @ m@mmﬁmﬁa ' . %

9.3 TR -7 264 (Describe the wrist rotation) 3 |
CArG PR F2fem (Wrist) 1% T8 0T | miwﬁﬁﬁmmqum_l QG TRFEtER

A TR FCFE (Minor linkage)-oTNR wfen (Wris) | 5 {080 e 3 &) @ 5o st O g

I T, TP FA T | 4 YBFHAR FN (2R S SR Ao TR R & e caretfovery #mes) |
T4 MR (Wrist) FARFITaren g fovars s ot 2w 8

3 Dof _ .
("Pump 560" wrist) 2Dof _
("Maker 110" wrist)

8 ¢ 9.3 Wrist rotation

9,9 'ﬂ]ﬁ":[t'lfﬂi §iR® T (Manipulator drive system) 8

AR e st T N Y T SR | @B RY o R (Rigid) T (Member),
@ (Link), W% Joint) TNy Tqw aw: wom RGBT w @-cFAr fre eceETet bcia
(Movement) 1T + 4 TR GRS Brobus Wity e Fosw T | (o W3S 58 woacta sifem s
SR frPataite (AT 4R | wETD fere PG STRFROET TTn frwee o qn SHIFRRCAE (Actuator)

mwﬁmmwﬁmmmﬁmmmmmwml



QT D TS Ik a7 sty 19

Sl CHIM FAEED (Spherical co-ordinate) ¢ @ %%fer® “IRP' W7 TG &3 ¥ T aTe 9

ﬁmeawmmaammwwﬁwmmwufwmm
ﬁmwﬁ%ﬁmﬁmmmwn|

8) WhFNDE N CRHCIRAET WD (Atriculated or Anthropomorphic co-ordinate) § 73

‘ *3R'awmmmwumtwﬁim!sﬁmwﬁmmmwﬁwwm

QNWW(Humanhand)ﬂmﬁ?ﬁ?mmWWUI |

- (Assembling) <% WA @ R ATRB 432 BTyl | | %

LR A P-4 34 Describe the wrist rotation) ¢
D ST FAfeE (Wrist) % 7@ qrre aiwﬁaﬁmMMmﬂmummﬁm & 1
[N TRAA T (Minor linkage)-TTR ¥3M@ (Wrisy) | @ Brodare R =9 w1 7 s o aR i

mﬂ,w,wﬁﬂmastrv!mihcaﬁ»‘nmmw%mamwmwﬁmmﬁwm|
q'mwﬁa(wmnwﬁﬂmﬁmﬁmmmms

3 Dof g

- ("Maker 110" wrist)

i I 9.2 Wrist rotation

9.9 Wity wi2e fiady (Manipulator drive system) 3

e RSy sty RSUE LR O] T S | G e e f Rigid) Tan (Member),
P (Link), 908 (Joint) Terf TS WF ) ¥ Wb erer g Frw AT YIS
(Movement) a1 | @ mmmmmmmm;mamﬁmmmm



P IR FTGR Gty s TRy
er forrFeoT T worD-fg g o, 1 R AP WE Yo @ | TR SR AR

.nﬂﬁqmﬁﬁﬁwmms)sﬁwmlﬁmﬁmmmhﬁ:ﬁnmmmﬁamw
QBT «@ifef e wS @ T |

oM 1 Actuator ST 98T Motor-7F Robot TG (I1ER) QFITH T LTS STECAN (TR QMR |
T TREs ey er e MR TR aomm HiXS = QTR AT SRR SF R QTS 999 331 9 |
TRCITE, IS IFIER AL ATATAN 16 17 I T 9 ARETS Frem, odw, 4, %, T @k i
i Ty QffcE SUTEFTHta (ATe (O Rrrs w1 Wy 2 WA (g s S a3 o

4.8 &I GRTSAM-3 It (Describe work envelopes) 8

] TN Iy ARG TR wAgE F and I G, miummeﬂmmmaﬁwinm_
| GATSHAA (Work space or work volume or work envelope) T &X | ¢Wi¥ asremisR My 3¢ foy faq wme
TS QFET YOS FA(PER TTT RS (Address) T T | Wrist G & 3@ wfi s
T I SINfe [T IR I SRTTOR 1 Yof e W) @ 93 Fmfae e g I W
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B. Power strokes
Double rod cylinder
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(Understand Robot, Gears and Linkages)

Y
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- 5.0 @ (Introduction) 3 _

Robot FFifaz=G {Manipulator) H1&% 8% Motor or Actuator (C¥iGR 21 SIFREBR), Gear (fraR) aw
Linkage (Freaw)- a2 R Refvom wormy e |

iR FE Teriffe it P R PRGSO RIS B AR W et 5 et
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».> R, B, fa cfds, o oz, ﬁm @ =9STAT TG (Definition of the |

term gear and linkage, gear ratio, gear direction & gear train) 3 _
(@) PR (Gear) $ Rotational speed SRR gefiymie e greest 2 w1 91 e TS FARA a7 Ty el
(T CIPIF et it 2 =31 Tw, Wi Frar et |
- o 93 Spur fram o 2 1 ot RgfrRe e R 1% 3

' 8@ 2 .3 Spur Gear Dimensions
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Wﬁmmomﬁmmﬁwmﬁﬁmﬁuﬁweﬁﬁmwwﬁmﬁaﬁwwﬁwwmsm
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CwW

(0.}

rotation

CCw

(20 )

rolation

fEx 3 ».6 wRem PR cnd==



B, i e PrrerTes waen 39

(®) % &F (Gear traln) smmﬂmwmmmwmm CUTEHTTR YIS ¢ FolSR
(Convert) ¥@ | M 7 Qe T'aam | w13

> | el e & (Ordinary gear train)

3 | ety i &= (Planetary gear train)

wyiaet R Wwvxwwwvzmuwo

(=) T fiwm &= (Simple gear train)

(%) wfon i G= (Complex gear train) :
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f57 2 5.0 =R Frew

(briver gear) (ldlc_r gear) {ldler gear) (Driver gear)
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aY f ST FTEM P TS
.2 GRS BB [IgS MHIRE St (List of gears used in Robotic system) 3

TS PSR PR TA%S T8 SIoe AW ¢ oI foa e ot et
3 | Spur gear ’

<} Worm gear

9 | Ball screw

8 | Bevel gear

& | Harmonic drives

% | Rack & Pinion

q | Two meshed gear

-« C
152 8 0.t Spur gear
Lead, L
Axial Driver :
pitch, Px " =t S worm Black moti
civgiaael motion Screw
=£\\}\}\§\\\ \\t\}\_.\;:: > Block
Worm gear

Fixed guide shaft
5 2 .50 Ball screw

5 2 ».33 Ball bearings user with a ball screw.
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A. Straight-tooth B. Zerol C. Spiral-tooth
f6@ 3 .5% Bevel gears

. Wave Generalor

Circular spline

Wave generator

Flex spline
' N~
\ Circular spline
Flex spline
foasnre _
Circular pitch, Pinion
Pinion pitch circle

Pinion pitch radius

Rack pitch line
Rack

pitch
distance
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g fwifie <o | _
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‘ _ e ST SR S fra few e | g
3y | HaSAm Wires YR (Parallel shaft gear)
3 | ToRrEbe oG M (Intersecting shaft gear) -
® | TA-TBR CRGR =Tes frEE (Non-intersecting shaft gear)
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3.0 GlTA (AT S GTHIR GRS YIS %[ (The energy transfer technique from
Motor to End effector) 8
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5@ ¢ .29 Moloe ¥0% End effector-4 Energy transfer "%

R SRt 1 PRI (TR ~Tafors R <R e F T« erwers frem, ok,
ﬁ,@,mamﬁm%mmﬁﬁmﬁmmmnwﬁwmﬁmmﬁww
St gEd R TS GeTers 33 W |
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5.8 e QTR CoFTa FOCWTRR) TR (The purpose of linkages of transfer of energy) 8

@ﬁrﬁmﬂﬁﬁm«mﬁmﬁﬁuﬁmmﬁmwmwwu:dﬁw@mw
feE FHEoR Tt e TR o Yo Gl SR wm A Pree @7 Tom SRS B
(afore) fion WS TR | 93t WHTDE PR T TR Wi Rl P we SUma S
ﬁmwmmﬁmwﬁewﬁmwmﬁmmmﬁmmﬁqm
TR TR (TR TR .- j

1. Four bar linkage.

L4 is provided hy distance
between mounting surfaces
of joinis | and 4.

52 2 ».36 Four bar linkage
Input
Physical link shalt

Link provided by radius of
disk whose langth
is le

Provided by distance between
mounting surfaces joints | and 4

B ¢ 5.3 Four bar linkage using disks for two links
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2. Crank and Rocker.

3. Slider crank.

- —— v — . — . — . ———

1* L4

-

Link L, provided
by mounting surface

B 3 ».3% Crank and Rocker

.

I

A

Pen (o Stylus -
aylis) (or pen
paint puodnt

3y is fixed 3, Js, 14 are free to move in the plane of the drawing

" fi 3 ».2Y Peoognph

Rocker Arm
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31 CNTBT‘!TWTIW(Motor or Actuator) 2 | fHITF (Gear) @3 @ | s (Linkagc)_.
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@ | Slider crank, . 8 | Pantograph T,
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5 | AR fme @ {Ordinary gear train)

X | CATAGIR fang G (Planetary gear train)
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() = fomz G= (Simple gear train)
(%) &b B B (Complex gear train)
So | T3t ey i =iw o ' [ArfETa-208), Yol
@it P wrge frurcem =i gy o - '
(i) Spur gear, (i) Womm gear,
(iii) Ball screw, {iv) Bevel gear,
(v) Harmonic Drives, {(vi) Rack & Pinion Ges

o megyuese wum R RIGTD BAQleld

{vii) Two meshed gear.
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Lead

Lead, angle, A

Driver
Worm

Axial
pitch, Px
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X R 1 put

L\ {,\\_‘,rw\" shaft
o ’ .

Fixed guide shaft
Ball Screw

Ball tearings used with a ball screw.
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A, Straight-tooth B. Zerol C.Spiral-tooth . D, Hypoid
Bevel gears
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o #Eom Fehm FetT wrs Ay
30,9 TR R0 (Classification the grlpper) ]

1R Ay 5= 2om | ca-

(%) BBATABIER (Unilateral); (%) TRTBIT (Bilateral); () WFOWBIEM (Multilateral )
auT Yele We ey erem Sivm v | crm-

S | cranfaenn v,

{a) Inside diameter gripper. (b) Outside diameter gripper.
| I (Vacum) fRome,

(a) Singie gripper {b) Double gripper.
@ | AT Ham Tonfr

S0.8 ¥y ez B-mwm Fa4™ (Operation of different type of gripper) $
fafn em Qs Frdaath o e fog o =0 o 3

30.8.5 TABIG M4 (Unilateral gripper) 3

% T Ao T 9B PO (Phase) ™ ¥ @R FJTH B BITS *Mmw, oo FeHwdEm Qe
T @ S Rt ST P aNm e e, TR A QTS (Adhesive) fIFIT (Action)
TR ¥ | FHDI QoM 125 @ smramaetter g o marm e zomee 3
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roéﬁtgiisl ___f( ‘(('-ot?n) Air
]E pressun:

Electrical activation
valve A

o (off}

oz {E S oo B o
- 1 1 Electrical activation

Pacumatic contrel logim

State Stae C t
Yalve A | Vave B omimen

. Ciripper ported (0 froe mir (state when not
o ofr holding anvthing)

On o |AF pressure applicd to cup (used 1o release

part, 1.¢., neutralize residua! vacuum)
Pliable suction Vnh%.ll:m OO On Vacum spplicd 1o cup (used ko pick up part)
<up
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PRAG TS AR | WIABE JIR TCTETS IR (W 3 (Kick =Ieq sfefifes aofb fowids armm s qn |
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82 ¢ 30.8 End effectors with bilateral gripping action _
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Table (Bf™) ¢ R (¥
S.L No Specification Today 19%G
L. Work arca 24 inches % 24 inches 24 inches x 24 inches
2 Insertion rate 1200/hr 2000/he
3 Number of axes 4 (four) 4 (four)
4. Accuracy 002 inch 0.001 inch
5. Repeatability 001 inch 0.0005 inch
6. Minimum component Spacing 02 inch 01 inch
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S.LNe Specification Today 1990
7. Payload 5 lbs with tooling 5 Ibs with tooling
8. End-effector _ Hard-tooled, chuck, Intelligent grippers with
Turret and some _ Sensing fecdback
intelligent grippers
9. Controller Autonomous : Supervisory computer
decentralized download to
microprocessor and microprocessor
teach box machine control
10. Prograrnming languages Numerous low and high- Hopefully standard high
level robot _ level factory
programming automation operating
-languages syslems
11. } Price (robot and controtler) $20K to $150K $20K
IR} QB JIR o RFRE (The growth of robot application) 8

forgren 29w e WP (Mechanical) 8T 7w 2 oot | 0T wifdwmm » ¥f>e¥om AT
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caf¥7 @nfSe (Machine loading)

Pr% Q3R (A AT (Pick & Place operation)

S [Welding (Arc & Spot)]

¢~ ¢8R (Spray painting)

EE&f&e [Grinding (Rotary & Metal casting))

f&fre, 28, =t (Drilling, Routing, Polishing)

#1165 SMe/AMR (Parts handling/Sorting)

R 5=, %G @ ¥ (Inspection of parts, Circuit boards elc.)
Frife BE wtwt 05T (Sampling with other systems)

WITCANTW WA (Assembly operation)

‘UHWFFFTﬁ{ (Manufacturing)

FEW™ (Surveillance)

dﬁmm = (Medical applications)

by, ey TS (Assisting disabled individuals)
YOTSH EASIRTAGTS (Hazardous Environments)

WS GBI ¢ Q2 BTG A (Under waler, space & Remote location)
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38 | GORGEAED (Entertainment)
¢ i RGBT R S0 [Micro-Electro-Mecharrical Systern (MEMS))
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wRt, Idesl ratiny X 3 Electric assembly Robot-&¥ Specification (¥ | _ RtfETa-200t]
v, (3 QRS R o | [arfiat-2030, 33, doi
e, 3 ARG QTSR CHRREE o | - [riftcai-a0se, sesif)l

s cfrrirRE Swie frmer T
{a) Payload, T :
(b) Repeatability,
{c) Maximum lip speed,
(d) Co-ordinate system,
(e) Maximum movement,
(f) Drive system,
(g) Contro} systcm,
(H) Programming method,
(i) Memory devise
) (j) Memory capacity..
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H N
Direction of ! 2 3
Coveryor # 1'S 4 5 6
{1 Y Travel Reject
Bin ! 8 4
| Direction of
Coveryor # 2'S . Conveyor
Travel . Travel
4 Conveyor #2 (C2)
Empty
Parts : X Carton
c2 c2
Good/Bad Present
1 Signal ¢ Y Signal
4 Cl
Good/Bad Cable
Signal .
Robot Controller -
Cl Part . Activate Conveyor
Present Signal Drive Signal Conveyor #3 (C3)
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—— Travel
Conveyor #2 (C2) .
. Empty
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Part Present
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Robot Controller r'—"—
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e el e [arfca-08, oe, ov, 09, o, o8, 30, 33, 33, ye, 38]
ﬁtﬂ a3 Ry Specification Bfarm TYITH CARITC =0 ¢
S.L No Specification Today 1990
L. Work area 24 inches x 24 inches 24 inches X 24 inches
7 Insertion rate " 1200/hr 2000/hr
3 Number of axes 4 (four} 4 (four)
4, Accu_racy 002 inch 0.001 inch
5. Repeatabi]ity 001 inch . 0.0005 inch
6. Minimum component Spacing | 02 inch Ot inch
7. Payload 5 lbs with tocling 5 Ibs with woling
8. End-effector Hard-tooled, chuck, Inteiligent grippers with
Turret and some Sensing feedback
intelligent grippers |
9. Controller Aulonomous Supervisory computer
decentralized download to
microprocessor and MiCroprocessor
_ teach bon._ machine cbntrol
10. Programming languages Numerous iow and high- Hopefully standard high
| level robot level factory
Programming automation operating
_ _ _ languages systems
1. | Price (robot and controller) $20K 10 $150K $20K
(AREDR ATMTHFRETIT AN N (ARt R000, 2033]

) AT ALTTRTOT (TEA @ e Fg s

1 (uA fdR (Machine loading)

X1 o g3 o SR (Pick & Place operation)

O GTwfSR (Welding (Arc & Spot)]

81" ¢~a RO (Spray painting)

@) S [Grinding (Rotary & Metat casting)]

b1 fafre, a8y, @R (Drilling, Routing, Polishing) i
b1 Robot v St TIGR M|

nobotmmmm:

31 TR (Manufacturing)
R cufSTm WA (Medical applications)

© | Aefifd (Surgery) (i) T 1w frermma iy ﬂﬁmﬁnﬁmu) amﬁchf;ﬁr
81 ﬁfﬁfﬁ A= (Mlhtary operation)

[REfTat-2004, 3))



S8 Wﬁ@ﬁﬁﬁﬂmﬁmﬁw

9| ERAER A e SRR fid ) : [arRifEa-20d0, o, ok, 3¢ -
WY, Industrial-(® R0 TIYRT JRxrewt ond | . [@ptfeTat-200t]
Eowl) ara s |

S | GRS TARITER TN oA 3 o

2t Operation #fEGERT Fa1 {197 |

© | TR $S TH SHIN T |
" 8| (AND (@ (W ARt $® TS AT |

&lﬂ%ﬁ‘fmmmmm

QAR 2 ' _ o :
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L woergere engrafer s ||
S TEIPGAT GRS C=iRRr e STads fRenet Sws=1 32 |
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X1 ffoe @ ISFETm arda CFfRTEeT o | , [rpfirat-208 3]
W, a0 Industrial robot-3 AR (Specification) T | [arfeal-2033)

) o m by

O (AR STTHERSTA SIS 34 |
(B o ) va.x e R 53
8| O™ IHR RO @R e 3 | _ [=ifal-2050, 33

3, He, STRA F3 | |
¢ QRS ¢ it R b dmt 2 31 . [arstfal-203¢]

n,a AR SR 5347 |
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38% FforBom Fehm Firdn wrs abw

GHRiIR 3

#include < LiquidCrystal.h > 1
LiquidCrystal lcd (13, 12, 11, 10, 9, 8) ;
#include < string.h >

#define light 3
#define fan 4
# define TV 5 .

After it serial communication is initialized at 9600 bps and gives direction to use pin.
led. begin (16, 2) ;

Serial. begin (9600) ; .

pinMode (light, CUTPUT) ; -

pinMode (fan, OUTPUT) ;

pinMode (TV, QUTPUT);

led. print (“Home Autotnation:) ”

led. serCursor (9, 1);

For receiving data serially we use two functions- one is Serial. available which checks any serial daua is coming

or not and other one is Serial, read which reads data that comes serially.

While (Serial. available () )

{
~ char Inchar = serial. read ( ) ;

After receiving data serially we storc it in a string and then wait for Enter.

S1r (i] = Inchar ;

i+

Lcd. print (Inchar);

delay (50); . '
if (inchar = = 0 x 0d) '

(

temp=1;

When enter is pressed program start to compare received string with already defined string and if string

matched then a relative operation is performed by using appropriate command that arc given in code.

if (strnemp (str, "FAN ON™, 6)) = =0 )
{

lcd. clear ( });
digitaiWrite (fan, HIGH);

For using compare string we have used a library that is string.h which has some keywords like stremp, strnemp,

strepy ete.

WY (Remarks) 3 e R
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Tt WS © XM (Required equipment and materlals) §

o S | foulm s ] 1 IC (ULNS2003) 3
o | ff mrammm MU (12v—24v) 3B 8| ORI catE (12v-24v) )6
¢ | aureria o ' b ) @G @)

Y, M I (Clreuit diagram) §
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STEPPER MOTOR OOIL DEYALE
fom § Circuit diagram of Stepper Motor Control
FIWE YRt (Working procedure) $

S 1 TN TS Ty BT B TNCE T |

3 | foanqerh mf¥G 2o ware |

© | fAnfRe et »fw@Bim frveee xea

8 | cTd TR IATT KW AR BB e are wea |
ouielTy 3

CH .

private int output =0 ; .

private void Form | _ MouseWheel {object sender, MouscEventArgs ¢)
(

?wiwh (stepMode)

case SteppingMode.SingleStep :
# Single Stepping

if (¢.Delta > 0)
{.

if (outpu™> = 1) output = 2 ;
else if (output = = 2) output =4 ;
else if (output ==4) cutput = 8 ;
elscif(ouqautzzs)oumzl;
else putput = 1 ;

directionStatusStripLabe}. Text = "Direction - 1™
. decimalStatusStripLabel. Text = Decimal ; * + output; ToString ();

binaryStatusStripLabel. Text = "Binary : " + ConvenToBinary (output);
PortAccess.Qutput (888, output);



if (output = = 1) output =8 ;
else if (output = = § ) output = 4;
else if (output = = 4 } output = 2;
¢lse if (output = = 2) output = {;
else output = 1;

directionStatusStripLabel. Text = "Direction : O™,
decimalStatusStripLabel. Text = “Decimal : * + output. Tostring () ;

binaryStatusStriplabel. Text = "Binary : " + ConvertToBinary (output);

PortAccess. Output (888, output);

break ;
}

)
private string ConvertToBinary(int DecimalValue)
{

/f Decimal - > Binary conversion
int digit ;

string binaryForm = " " ;

;:ar { ] binaryArvay ;

{.
digit = DecimalValue % 2 ;
binaryForm + = digit;
DecimalValue! = 2; .
} while (DecimalValue ! = 0); ) :
/! The digits in the variable, binaryForm, are in reverse order
/f We will reverse it back to normal.
binaryArray = binaryForm.ToCharArray ( );
Asray.Reverse (binaryArray);
binaryForm = new siring (binaryArray);
} rewrn String.Format("{0:0000}", int. Parse(binaryForm)):; ;
/1 Switch between different stepping modes
Twitch (stepMode) .

case SteppingMode.SingleStep '
stepMode = SteppingMode. HalfStep;
steppingModeStatusStripLabel Text = "StepMode : Half™ ;
break;

case Stepp'ingMode.HaltStep :
stepMode = SteppingMode. HighTorqueStep;
steppingModeStatusStripLabel. Text = "Step Mode : High Torque";

case SteppingMode.High TorqueStep: .
stepMode = SteppingMode,SingleStep;, .
steppingModeStatusStripLabel. Text = "Step Mode : Single" ;
break;
l }
1{:151.-. if (c.Button = MouseButtons.Left)
// Release the motor
output m 0 ;
PortAccess.Output (888, output);
decimalStatusStripLabel. Text = ( "Decimal :* + output. ToString);

}bim:ySutusSu-ipl..lhel.Text = ("Binary” + ConvertToBinary(output)) ;

}
WO (Remarks) § fSrw frfe

o8>
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BTHT (Objectives) $ (TR INAATAGTA TG TRwrger 321 |

ATHISEAT T 9 "l’l"ﬁ& (Required apparatus and materials) 3

> | FfBEER of6 3 | AT AR © | TREEEGT
8 ) O 2rFBY ¢ | ITHE b 1 GRS

9 | Teach pendant.

WIS 4 (Working Procedure) 8

5 1 QRN X mmﬁﬂwﬁmmﬂmwmﬂmmm%ﬁ&w RS TA |
21 (i) FPATHA Pegasus control TTECGEMG Install FACS T 43 RSS interface FRTS TA |

R axis .
. . Rotates axis Teaches

... MJaxis manipulators

Moves axis . ; movemen

upward or dowmward Tax.ls :

Rotate Programming
L axis o8 the wrist
el ﬂ,
y backwa :
andforward [, — L
Waves the robot wrist L

upward or downward

Rotates the body

AC servomolor motors are used

in the six axes of manipulators, Caontrols the
complex mation
of manipulators in
a comprahensive

mannar
@ 2 Axis of movement of pegasus servo robot
1. Manipulator - 2.End El‘fec_:tor {(Hand)
3. Controller _ 4. Drives

3. Teach Pendant _
(i) (AREY ¢ THE [T T3 WL 98 TR 7% HiFs F9re T
(iii) SIS (R e (IS YR S99t A e 90 T |
© § (i) TE0TS (FRIETIR &0 #Ihsur A0 fFe e T
(ll)mﬁ@mmﬁmmmm%Gvammr
8 .
(:)Wawmmimcﬁﬁmmﬂmm|

(i) AfTHTE {H Wi HOG a3k TIOTB TaTa FY R A0S TR |

(iii) Teach pendant 4% T TS5 SR T FA0S LA |
(iv) TR (AT (A5 ITHE THGEIT TF A NGTT HZ6. 9% A0S LA |
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.7 F Approximation of the robot's links with spheres for obstacle avoidance. Lafl- robot maodel, right- spheres used in anline collision avoidance
. (grey- segment 1, yellow-segment 2, blue -segment 3).
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JRA YA (Working procedure) 3 |
y | STHISETY TRATE € Wi W (4 ARl IS WA |
3 | GITALBR: SN FTTRLTS B TS WA |

o | FFEATTIA RRPNS cmirfe P wa

8 | cEiTEiE FREBI T TS WA
¢ | SESHD DR TIAD *HfTTw TS WA
cetira 3 '

for each obstacle O,
for each cell¢; € o
if (CheckCellClose (C))
for each sphere Sy
if Distance (Center (Sy-Center (Cp) < AllowedRange
force, + = CalculateForce (Sy, Cj)
end i
end
end
“for each segment ry,
for each sphere S, € 1y, -
segmentForce, + = force;
end ‘
end
Cnlculatell_el‘ereneeAccehradon )

féai & Algonithm for anline collision avoidance
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