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ABSTRACT

The working efficiency of automobile exterior covering parts stamping production line
seriously restricts the production efficiency of automobile exterior covering parts. Continuous
and efficient feeding system is an important guarantee for high speed operation of stamping
production line. Due to technology, cost, cycle and other factors, engineers and technicians in
the actual factory can not rely solely on theoretical analysis, directly on the physical production
line integration, trial and error. Using computer technology to design, simulation, verification,
is a very necessary link.

This graduation design studies the kinematics of the feeding manipulator and the simulation
system of the punching production line, which will improve the production beat of the punching
production line, reduce jitter and improve the running life of the feeding system. In order to
solve the above problems, this paper first built the simulation system in the robot simulation
software robot studio. Secondly, the kinematics model of the feeding robot was established, the
forward kinematics equation was derived, and the inverse kinematics was solved by polynomial
method. In addition, MATLAB and other software are used to preliminarily plan the robot's
running trajectory by using the quintuple B-spline interpolation method, and the acceleration is
taken as the objective function to simulate the running trajectory, and the curve of angular
displacement and angular velocity variation are obtained, so as to verify and analyze the
rationality of the robot attitude and trajectory planning. To ensure feeding efficiency and
smooth running track; Finally, robot and PLC programming and system simulation debugging
are carried out in robot studio system. Through the simulation of the working process, the
problems such as whether collision interferences occur and whether the running is smooth are
verified, and the rationality and stability of the system are discussed.

The simulation results show that the feeding robot can meet the operation requirements. By
comprehensively observing the flexibility and working ability of the feeding robot in the whole
system, we get the feasibility conclusion of this robot design.

Key words : Automobile outer covering parts; Stamping production line;Feeding

system;Robot
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KR o

FERATHRAF B I A Bt i 38 IR IE B — A H B ST AT (R 4%
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Jiaan B 3-3 o, ARJE BRI EEMT AP R Z IR AR, BRILZ AN, BIEEIzs)E
W I 22 N EARE I R G OR T, EAT AR R Z B IS B0 A« AIRAEE 10 [ i Bt e
TG, NEFEATH S . W CARRIE E 3L RO IERT %, 58— DN ATSEM VR —, DL
BRARE BOR S FEAT WIER n, 08 T HIE RSP AT S E =4 [0 (AL BAMEE, BIFEE
DFENA KA AW FURINLA AN RTTHON 6, IBEH SN 1, 206,

=t - 1 o

Bl 3-3 AT FEAT 5 A AR OC R

(1) PLEs NIEBsh g, AR R AR LS N N ER R S R T I s PR
REEFEF A RERN T B BB TSNS SR ER . EPLEE Nissh 2,
EARER AEENSE, EHRE IS ANREIZSh B S . EFK OB bl A
It ARG I R e, AR ) DAL I R B E He S Br K

(2) HFAMATR TIWHLEENTE AR M ME. Eiashd, PEsAr
BB AT LA AR &R L AR HIERE . R M & 7 sUHg , L s AR E . B8 HE.
I SEAE 2 o ML Ay 2 f IR LA NAE R AR R ARG DL, 38l 51 1A% AT it
HARH

FE LA N I3RAE T, AR AR XL N BORE AN R VAT BB . [A I,
FENLES N BT AN o, 3 R B RS M s, JF 8 I fo e 22 i Sk 55 3 Btk AT
RO o R, HHE% At n] LR LA N ARG E VAT n] a1k, B8 35 Bh AR IEAh AL
w Iz SPERERI 5 i o

(3) TS Neks e faplas NE T BT AL R h & B R Mg, /£ Tk
P A3 IG5 KRR A URT T &%, 7T DAGHE L 425 ] T e AL AR A Sl S B Lo A AR B
ek o LAy NROBesS i, m] DUEALER AAE AR XS A R e sh f e fr .

(4) THLE: NI sl EE T R 2 LA N2 EMT R s AE AR THL
e NFEALRR R R WAL EE & . £ TAVHLS ARz aheed, MR — 7> EE R,
PN E eI M ML g N AR S kAT &% 112 SIS

P& N BEAT i B2 e LS AR 5 MRS SRR o e 1Y o 2B as N BEAT B2 RYIE3h T
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50, HEAAER RS2 N s sh ks el EE M. R, YL A ditiz
S B SR A T B R EAT MR 5, DLRIEN L2 N RS B RS e 1
Bt L TR SR I AE 4L 1 ABB-IRB-1200. AHARFFAE 22 8] [ 55 VR A5 4 [t Ay -

cos i —sin O 0 ai-1
i _ sin@icosai-1 cosbicosai-1 —sing;, —disinai-
sin@isinai-1 cos@isinai-1 cosai-1  dicosdli-1
0 0 0 1

(3-2)
XTI N IEIZ 327 i T, 8 5 TR AL AR K ST AR B T 45 H LA AL AR AR & e
A 7+ AR P OTe:

Nx Ox dx pxw

ny Oy ay Ppy
O O I 27 370 4rp S
T6_]-;T2]13T4T’5T6_
nz O: a: p:

0 0 0 1|

(3-3)
5 D-H 280 N ERXFEHTHE, 35N MATLAB. #|f RVC L E4, 7£ Matlab

FREATHLE N, Qi 3-4 fls. @A P I p % 3

Kl 3-4 Matlab "L as A B AT ALY

3.3 Ml ANEEEhZE S

FRIRG T AL Niigsh 2 2 fe il QAR m AT 28 AL B, THE B S A R,
DL IR R ST 558 A5 BB 2 ] i o BRI L 58 AR SR AT 58 10 3912 67 B LR Aokt
N AZ R ST AR .l 3-5 B
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e
/[* -
Yo

K 3-5 ABB-IRB-1200 HUEE 1) A & A

IR SCHTIR, Wz 3l 2l A 7, SEHRALEs NN ST B, DASEE
BB R I AT B BRI A o B H AR AR BT 75 R BT 8L B AL, i Atk i)
KATHEE, LMENLEE AR BRI RR A E .

MRYEHLAR N IR 02 3 IR AR 73, S5 A HLas NRRRR BT e, BPan S5 s —
AN KATAEARAAAE T — pd, AT LICKE I ()38 30 2 in) AR O A, 28— MR ) BB B %,
WA TS EN Y, BAR ABB-IRB-1200 AHUMUE i 2 %At . % T AL NS5
i, BOLARX (3-1) . (3-2) , FERAFERER, wI15E): £ (3-1) FAHEA D-H
ZH, 15

[c6, —s6, 0 0 c6, -s6, 0 0
o |56 6 0 0|, 0 0 10
I = ol =
0 0 0 600 ~s6, —c6, 0 0
L 0 0 1 0 0 01
cd, —-s0, 0 710 cg, -s6, 0 0
S K R
3t 4t
0 1 0 —s6, —ch, 0 0 (3-5)
L 0 0 1 0 0 0 1
cd, —s6; 0 0 cty —s6, 0 0
o |0 0 - 0] | 0 0 10
‘T = , =
s0;  cb; 0 -s6;, —c6, 0 0
| 0 0 1 0 0 01
p, =cosf (a,cosb, —d,(cos, sinb, +sinb, cosb,))
p, =sind(a,cos 6, —d,(cos b, sin; +sin 6, cos 6;))
p. =—a,sin6, —d,(cosb, cosd;, —sin b, sinb,) +d,
(3-6)

FAL RS T 2 T E o BCRIE 0N :
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Ot)=a, +at+at’ +at’ +at* +ait’

(3-7)

KRR AHEAT 1 B SR 2 B S EORE, TS 2B N A R A NI N -

O(t) = a, +2a,t + 3a,’ +4a,t +5a,t’
O(t) = 2a, + 6a,t +12a,f +20a,t’

WBLIR &AM ARGB-T) (3-8), 15:

0(t,)=6,=a,

O(t,)=0, =a, +at, +al, +al, +al, +al,
6(t,)=06, = q,

é(tf) = Hf =a +2a,t, + 3a3ti. + 4a4t3f + 5a5tt.
o(t,) =0, =2a,

0(t,)=0, =2a, +6a,t, +12a,f, + 204t

a, =6,
a, =6,

p
aff

200, - 206, — (80, +126, , — (36, - 6, ¥,
a, = ] ’ 24 »

:

306, —300, + (140, +160, % , —(36,- 20, ¥,

a, = . 2t | |
S/

120, 126, - (66, + 66, , — (&, 6,1,

ag=—— PYG ‘
2t

/

3. 4 HlE A\ ERENITE AR

(3-8)

(3-9)

(3-10)

FERS A AR ] Matlab S#EAT P RRIG H oA o R FLIR 2 TUE AL T2 s A AE

KA B AT PO IR, RIS 3D AT AR R AR RO T B AR 1 R AL S OLTE R
B, o HrBLEs AT R MRS s, BB AR M B AR RIS SRS

FR 2 WA GEAR A — R R BE SRS, TG — A ok 2 TR . 257

(1) fff e EEREAT 0 1 AR EtiE A
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(2) M LR IR E, I BT 45 SRR 2 e B 22 U AR 2
(3) Xt T A A 4 L ) B0 o, o8 P i A ) 1 2 0 BEOR 00 . R A
MR R QO MA T g, LI EA RIS N RIZ TP K 3-6 s,

36 ML A0S T4

MBI RRE 2], HLas AR S AR SR s BN 1 E s shBUES: . Fis. 6, A
DLW RAR ., BRERSE R AE o

IR, THEARRY ARSI ML, W 3-7 Fron. mERIL, P+,
AR URAE 1L AEIBAT HH ()8 2 JSE £ K, IXRE RS DRAEHL 28 A5 51 F AL IR P Radz il
NN ST . B

e 3-6 A 3-7 Pronai R, AEWZHLEE s sh LT ie, HAZ T AEBR B
FEAR, REBIF AR e AR R ST I BB AR
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) KA ; KA Idi
J —J ]
15} NE 05 SH
o 2 © 5
3 | 3 ¢////44 :
mo1f 8 w0 8
&' &
05¢ 1 05
0 -1
0 50 100 150 200 0 50 100 150 200
W )/s I fAl/s
(a) HLas NI AR A1k h 2k
3 ' KT ' 15 ' %*ﬁﬁlﬁfﬁ '
» B 0 1 T
52t — L 3 — %
© J © 05 J
= 3 = 6
piLd finl 0
o |
&' & 05
0 -1 :
0 50 100 150 200 0 50 100 150 200
I /s I fil/s

(b) HL&S N AT A AR AL 2
K 3-7 HLESANBRTIMALRE . Ad AR 2

f£ MATLAB ™, G322 205 IR0 AR« A B th 268 LR

FNLAE M R HLA NS R A AR TS O, SO DAL N BT . FENLES A i
SRR, R A PR AR A AR HLE, AT DUE I 12 i A AT PR I WL AR 1 AR IR
Ak, KA IR ZE 2 B MLES NSNS L RIS B Rt A S o %
JEH)— Ko

PR i 2R LA NS A R A ARG O, SO LA R N AL, HLds A
FERN R AL 3 1) T P > BEAE I [R) s AR AR, T8 AR A o BV 2,
BOE I % AT A AT

MR AL A ML, T LUE MALES N IS A 2 A i 2 2R . fE
B AR, R B RIS NAEAT RS e AR 55 I BOAE . SEEE  RE MRS R bR 2 1
Wi ER, IR T B i Sems,  DUSRTHILR T B O RE AR

3.5 KB/

AN BEEPT  ERLES AN 2 G S, BRI B I, AT RASELZ U
B Zh AN RFAGHE I BRAT o AT IBEAT Tizsh a2t A, Jvjasplas Amia
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By BEE T A
3.5.1 EREBAEBES
B HTHLEE NGRS s, THEPLER NS TS L SR I S iz
NBH, LA HLES N RS Bl
(1) KTANR R AIZ B S 3L
FRLLAR AR FH 2 B A B 28 R 45 DT AR R RO FER LA N A L FiE sk, o
SEREAANR RN B ALRR R, ST AR RIS BIALRR R o HLER AN 6 NoeHT, 56T AR
FHART T3 R AR AR R IO BAER RN T, T2, .., T6, XTI EHSHATEM
FE0, MEEoMMAMERaES, AXEETS T AN AEE.
(2) iBBh% B E2E Iz 5 &
IRIENLER AN KT8 sh S5, 8 IE iz sl 5 2 i L8 AR AT 2% AL 4
1E 38 3y 2% J7 FR I8 R F Wbz A BP0 oA T 20, o &AM bs RAH TR, B9 3K G
PAT BRI B REES
(3) Arbrfh &R
AL LA N 1S SRR TE B A AP R R T T . BEAASRAR T, DS
IR RO A B S, DLRIR AT 38 4E X\ ys z = A7) AL RS AR b ll, &SRR T
B, FFEARREA BT LR A RZ R
3.5.2 ERWLEEABIT K
EREYLES ABGZRER 1 B AR R H AR AL E . LA A MISh R RS R, RIPLEEA
RIFHAT R BV BN, (EHLES A BE O ITFR 52 BA 4 R T CERORT T30 1
(1) BRI 7%
AR B T B T VE R BOR HEAT A B, 3 6 B S AT Tk 2 A A
A LA NIZ 3 LI
(2) BB R R
FZE R A 25 B8 ) DR B A HE LA NI BIAERBR B H AR IR NFITEAR . R i fr
B HAR NS TAERS R RSSO T ORAIENLAE A 0 22 4R 1,
USRI 25 8 3 1 3 S LA AR S i sl B, R IR 5 R B T HLAE NS Bl 1)
T PERRE

(™
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BME ERELSHESE
4.1 88 AR PLC F2Fr 4w

4.1.1 PLC 24wl LR

Lo A BB RS2 TPl (PLC) Sghkfy, @it M ks T B RS
PLC #HIFEF MRS -

(1) ML AT S FE S S BN E, ) A R 4 i SR

(2) Wit#EHlr R, SRR RS R PUTHREMIERA S, #e
45 5 g A 7 U85

(3) %%'5 PLC F&7, 1EREP 7 SR Nt B & IO AR & . AR IR (IR 4 7 2% A1
AT B8 42 ) 26 155

(4 WA, MERTRE/AEERIHEIERR.

(5) HENLA NP7 V2 AR R R, AT SRl AN i

BRI H T ABB-IRB-1200, FIH R BEREERAEE NS EECE, I 572 bl as A2
J7 1 PLC 25 gl -

4.1.2 s NTEFRmE
HTRICSH, TP AR R, W 4-1. RGO 7 BN = pr s .

il | v x|| MEACTHIfEL 381 | system2ss (L) X |
B L{Ers | T ROB1/Module1 x|
4 &1 system?55 a2
= 43 B PROC main()
i | ] HOME aa
n of 45 Reset do_fzcaod;
s "f KE a6 Reset do_jc@;
L! =HAE az Reset do_jcjiarue;
: N L a8 Reset do_jcsce;
b & 1/0 ES a9 Reset do_jze;
A j RAPID 58 Reset do_yde;
oo 51 Reset do_zhjiarue;
4 &= T_ROB1 52 Reset do_zhsco;
B ;
j CalibData 55
4 j Modulel 56 Movel home,v1688,fine,Tooll\WObj:=wobjé;
=7
=] main 8 E WHILE =8 DO
j Path_10 6a WaitTime 2;
5 Path 20 61 Set do_fzcaol;
= 62 Reset do_fzcaod;
=] Path_30
% orpEih 6 WHILE §s <9 DO
= 65
{M BASE LE
‘|£| i 67 Movel gdl,v1e@e,fine,Tooll\WObj:=wobje;
] WaitDI di_daoweimaopi®,l;
Movel gd2,v1868,fine,Tooll\WObj:=wobjé;
71 Movel offs(zhuamacpi,®,®,158),v1e@66,fine, Tooll\WObj:=wobj@;
72 Movel zhuamaopi,v168@,fine,Tooll\WObj:=wobjd;
73 Set do_jz@;
74 Waittime @.5;
75 Movel offs(zhuamaopi,®,e,150),v1008,fine,Tooll\WObj:=wobje;
76
77 Movel 2d2.v1@80.fine.Tooll\WOb1i:=wobi6:

K41 EBaplds NREF
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42 HMBALHRGHENER

4.2.1 ERARGEEWHERK

PATHAT B B VR A AME s fhp s AR = 26 R AR S, e — AN e i i i il
R FEMR— DT REEAERE, A TAE I E i Tl i 245350 0 2 R

(1) PAZEH RAL MR AR 157 5

(2) —ZkFKILT B b5 SCL I 47 I 8] 47 B3 PR L2 A I

(3) — G/ HE H B A 1R B ) 7 ST £ R AT L E

(4) — A RN LA 1R 8GR /LR

BN SRR AR 2R i 2 TR GEAT
4.2.2 FNARGEFETITIEE

(D) BRATTHIEY R L E S — N EE T, R HREUE 1 AR e 18 DL 18 s g is
1T, HRIAE]FEE AR, fRiEmE 1EIEA T,

(2) M AR RES, R BINUE ST AL 27 PRk R 0 Akt i) s &
FLEES

(3) MIME SR H A BEAEDS, RBIRAG 2 1, JUEYRL. KFe w81
PR, TRRPIRIC AT AL, A0, HLas AR H2RIeZE, I HEE AT TS .

(4) HUE 12 IIRAT 45 € 19 B H LR 07 MEs R BRI, BIAA SEICT Y
Bl R Ak L AL B AL . KIF IR, RIS, B ORI BT HLURTERT, FF
TENUR K G 5 2 BT R b RS

(5) FURWRINWE XX YIRIRE 55, SEBWLRT HME BAWRT e B4, Wk
SEORFERR I WERAE, FTHVURTT. ZEEAHTUE CRRIES S, % ENURT I
BLID T, In)E, $%RIATLE I E BREE, [AUE RIEES, TR, £ F—WHL
W5 5 R I AT R B 1

(6) MWW EINURIE S5, BT € EFEEE, JEBOn TRk, %R
BAIG I 1, PRkl KFEL 2 BIEEE, #tRYE Cadeeid. 5, E8
PATHATSS - FRHRIRA145 € ) B B LS AT T 1) ) 47 B PR ML N MG i R 15 (B 5,
[FTWCHIARE , SR SR AE R BIA & i B 5 Ja i IR S ARAR, TR FFHR IR . H PR
YIBIMTG& 26 sUBE B BANE A

(7> ATIHUIE L IETT R E0E: RIEVUE LRG58, WE =k,
SR IE R ATGE AL, I TR TR E, UL E YRR aEAL . BIAZ AT G
ERMLARANTE S, AR R R B SO E R IR, WE 4-2 s
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K42 TARuE T o

4.3 SRS R

IR TAFRAE, 7£ Robot studio HHEAT RGahASTH, RIFERESL 2 [A] B EEAS R 45t
sATIdRE, il 43 s AT, B8 T EME BRL BRI . R
A B 25 AT, H 2 50 IE R 5 B R E YRR S

wJa, MPTRE R, VARG TERERIN, IR B &5 Rt U7 AT
Ak WRIEDTEEER, S5 SLhrE=FRMBTHER, X RASHEHAT 1O,

IGTI RS RER, REBATIEM. FEE, NIA RBERIUE 7 Bt AT A4

VRN A WA ST 3 Tu i —4EfS, 39987 0L AR Geis A7 RS0 AR AT I R A i

owm < x| AL THT RS %]

LE T IEsS
Motors On i x

»gram> in T_ROB1/Modulel/main

loveL ,v1000, fine, Tool1\WObj :

‘eL. home ,v1000, fine, Tool1l\WObj:=w “

,v1000,fine, Tooll\WObJj:=wobj0;
00,fine, Tooll\WOb]j:=wobjo0;
00, fine, Tooll\WObj:=wobj0;

cfang,200,0,0) ,v1000,fine, Tooll\
ang,v1000,fine,Tooll\WObj:=wob3j0
jz0;

K 4-3  fiEiER R 3
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4.4 KB

SRz AE T AN BT, WAL T RS NAE RGP RS RO B, BT ERE T
LA NIBIEVE AR K. BEJm, BE T RGBT TS, d4ia P EEOR, EEM
B IE 7 ERILES N RG R Ea R E A TARRCR - 0 FSR IR 45 RAER R, AR
THEYEE T TS AR GAME S i BB R G R E R AR, WIATHI.

SIS E oA T B SKBL T A A s AOR -

(1) DA A VR ANE b TR AR P~ 2R s B 0 B, T 0 A2 2R i 2B
HOR, AL T TEWAE, b 1 A A

(2) FEREr AR, WS B, FakE 1A iR BT R Y

(3) BRMRicaiat. LWl HIdREd, 3 0TS A B A~ LR A7 £ [ T A 1),
B R AT A A5RE SR A P R A B R A A

(4) $EeyahliiE. PRSP s AT AR, A BT i bzl iR 24
B DR AT G P EER, IS ™ i ot B A A e 1k

(5) JiAEREAT RGN LED o AR 7~ R AT SRR B, S 1R SR As 7 rh dE AT Il
EE R FEE RS
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EHE LREEREZE
IEANE s fF e R 2R 4 RIS AN — P A i B s AT I e, e n] BLSEIE
Hal L RN B3kl BaIEEDRE. SESGNT LML, Plas NEA =G 1S
HE ASE HIRF L. RIS, LA AT DURYE AR5 80T 2 mi . MR R A, @R T
Yy R I HRIEAZAL
AR AT AT FRER S IRmIER RGN e, Wit TIREEA
BfHRAE 2 ERL RS, EEPTTTANEIT:
CD BT 7 IRAAME A I A 7 e R R GE I DD RE BEORATES i, DAY REA,
W HHBE T =4 RS B, FIH Solid works F AL T LA N F NS ZF A1
=AY A, ORI AHLEE AN B Robot studio, i€ 1 HLER A LA R AR 3£
PURSE A s S RALE, 5 T RGN RAGR; &a, B8 THRSHE, 5Bl 4%
E SR L R e
(2) 2 7 DAL NI SRR T ARbR &, BAE T B R TR A T
R EMRIEESEUE, RYE D-H VL@ T iagh B, #ESE3] 1 IEIE3)# 7,
K2 AT IR R HEAT 1 W8 2K g
(3) iz f] MATLAB 8, 1o T IEIE 8 2 RIS AE 1 L& A 25 (8] ATk g
RERS I B NRLESKR . AR5, 7E MATLAB B bR M IR 2 U E VR R LA NAE R
[ HEAT 1R, 3B 0IE B SRR T R A R B BSOS A L, IR A& BOLTE BR
B ot THLER NAERTT B M ME /L BB AR R A B AR s s 3RS, SeiiE s 24
THLES NZZS L & 3 E, DR ERCR 5T s r-r etk
(4) BEAT T TARRARE AR S 500, SE il 1 Hlas ARy 4l 5 0 FLSE 56 . £E Robot
studio FULEHLA NAFMESF A E HEESHAE, HUEMM RTINS PLC f2/,
FERE 7 R S N A HE e IR B AR IR PGS T IR 26 1 . PAT SR A0 B 26 1F 55 . #
SENLA NI BRI, AT 05 R R G A . 8 TARE R 5, Wik
RN T, BT RETRERE, Wit T RN EESREE.
UES S IR Y NCIEYST S oy -5 S 47 Wik S —LIE iR
BEAL, B3 i B —4ERD 2 A R ST AU AN S AR AL, UL 7R AS BETH AL
N BB RGBT S SR, RO R .
Eeb it B A R AR FE TR
A
(1) EH IR PRI H PRATRE S B R, i AR S i 2 7 £ PR SR i AT S B
DA FCA BERAIE 1 A7 2R (K R AT 1 o A E 5 S 36 e AN 1 e 0l s R SRIE P e i
ARG R EEE
(2) WICHARI A LRI RAE AT R G R SRIE
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(3) WIANHEIT P R ERER G, RIRANIR U IR A P 2 KRG HOR

Ry RN HTHT S, Aniz A e 1A AR

oAt
(1) 7= dhortrs 8o ie. LERRSEM LD, #—Ditie bR

ARG LT TEHTHIR R,

(2) SEHEIlIA SR, ST LB R DR A R BT AL, e

AP R SR A R

(3) DXy e s A AR TR AT 3, R TC P IR AL RS BOR

R NZSUREIRT R I 2 S a7 .

MRS, ARKREESE Tl 4.0 BIAWHEDE, JT4EAME SR A 4 ERILAS NN
FPR 2 ORI 2 o RGBT EEN, MR T REdE. RS ER
HIR AL . HLas NS BN Refl, AT DO EIER M 5 oAt L s NBEAT I8 15 I, JF
HUR] LS Iz e M A 2

PRk, VRAEAME R b R AR T 2 ERHL A N R R B T R (S TR AR 5, 7 B
Mo A AT e, DLIE Bk R R R 3K
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ABSTRACT :

Preprogrammed locations are paths that the robot must follow to accomplish work. At
some of these locations, the robot will stop and perform some operation, such as assembly of
parts, spray painting, or welding. These preprogrammed locations are stored in the robot’s
memory and are recalled later for continuous operation. Furthermore, these preprogrammed
locations, as well as other programming feature, an industrial robot is very much like a
computer, where data can be stored and later recalled and edited.

The manipulator is the arm of the robot. It allows the robot to bend, reach, and twist. This
movement is provided by the manipulator’s axes, also called the degrees of freedom of the
robot. A robot can have from 3 to 16 axes. The term degrees of freedom will always relate to the
number of axes found on a robot.

The tooling and grippers are not part of the robotic system itself: rather, they are
attachments that fit on the end of the robot’s arm. These attachments connected to the end of the
robot’s arm allow the robot to lift parts, spot-weld, paint, arc-well, drill, deburr, and do a variety
of tasks, depending on what is required of the robot.

The robotic system can also control the work cell of the operating robot. The work cell of
the robot is the total environment in which the robot must perform its task. Included within this
cell may be the controller, the robot manipulator, a work table, safety features, or a conveyor.
All the equipment that is required in order for the robot to do its job is included in the work cell.
In addition, signals from outside devices can communicate with the robot in order to tell the
robot when it should assemble parts, pick up parts, or unload parts to a conveyor.

The robotic system has three basic components: the manipulator, the controller, and the
power source.

Manipulator
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The manipulator, which dose the physical work of the robotic system, consists of two
sections: the mechanical section and the attached appendage. The manipulator also has a base to
which the appendages are attached.

The base of the manipulator is usually fixed to the floor of the work area. Sometimes,
though, the base may be movable. In this case, the base is attached to either a rail or a track,
allowing the manipulator to be moved from one location to anther.

As mentioned previously, the appendage extends from the base of the robot. The
appendage is the arm of the robot. It can be either a straight, movable arm or a jointed arm. The
jointed arm is also known as an articulated arm.

The appendages of the robot manipulator give the manipulator its various axes of motion.
These axes are attached to a fixed base, which, in turn, is secured to a mounting. This mounting
ensures that the manipulator will remain in one location.

At the end of the arm, a wrist is connected. The wrist is made up of additional axes and a
wrist flange. The wrist flange allows the robot user to connect different tooling to the wrist for
different jobs.

The manipulator’s axes allow it to perform work within a certain area. This area is called
the work cell of the robot, and its size corresponds to the size of the manipulator. As the robot’s
physical size increases, the size of the work cell must also increase.

The movement of the manipulator is controlled by actuators, or drive system. The actuator,
or drive system, allows the various axes to move within the work cell. The drive system can use
electric, hydraulic, or pneumatic power. The energy developed by the drive system is converted
to mechanical power by various mechanical drive systems. The drive systems are coupled
through mechanical linkages. These linkages, in turn, drive the different axes of the robot. The
mechanical linkages may be composed of chains, gears, and ball screws.

Controller

The controller in the robotic system is the heart of the operation. The controller stores
preprogrammed information for later recall, controls peripheral devices, and communicates
with computers within the plant for constant updates in production.

The controller is used to control the robot manipulator’s movements as well as to control
peripheral components within the work cell. The user can program the movements of the

manipulator into the controller through the use of a hand-held teach pendant. This information
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is stored in the memory of the controller for later recall. The controller stores all program data
for the robotic system. It can store several different programs, and any of these programs can be
edited.

The controller is also required to communicate with peripheral equipment within the work
cell. For example, the controller has an input line that identifies when a machining operation is
completed. When the machine cycle is completed, the input line turns on, telling the controller
to position the manipulator so that it can pick up the finished part. Then, a new part is picked up
by the manipulator and placed into the machine. Next, the controller signals the machine to start
operation.

The controller can be made from mechanically operated drums that step through a
sequence of events. This type of controller operates with a very simple robotic system. The
controllers found on the majority of robotic systems are more complex devices and represent
state-of-the-art electronics. This is, they are microprocessor-operated. These microprocessors
are either 8-bit, 16-bit, or 32-bit processors. This power allows the controller to the very
flexible in its operation.

The controller can send electric signals over communication lines that allow it to talk with
the various axes of the manipulator. This two-way communication between the robot
manipulator and the controller maintains a constant update of the location and the operation of
the system. The controller also controls any tooling placed on the end of the robot’s wrist.

The controller also has the job of communicating with the different plant computers. The
communication link establishes the robot as part of a computer-assisted manufacturing (CAM)
system.

As the basic definition stated, the robot is a reprogrammable, multifunctional manipulator.
Therefore, the controller must contain some type of memory storage. The microprocessor-based
systems operate in conjunction with solid-state memory devices. These memory devices may be
magnetic bubbles, random-access memory, floppy disks, or magnetic tape. Each memory
storage device stores program information for later recall or for editing.

Power supply

The power supply is the unit that supplies power to the controller and the manipulator.
Two types of power are delivered to the robotic system. One type of power is the AC power for

operation of the controller. The other type of power is used for driving the various axes of the
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manipulator. For example, if the robot manipulator is controlled by hydraulic or pneumatic
drives, control signals are sent to these devices, causing motion of the robot.

For each robotic system, power is required to operate the manipulator. This power can be
developed from either a hydraulic power source, a pneumatic power source, or an electric

power source. These power sources are part of the total components of the robotic work cell.
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Misk— Robot studio FRESHILE

L(1)=Revolute('d, 0, ... % link length (Dennavit-Hartenberg notation) [ 15 & K]
', 0, ... % link offset (Dennavit-Hartenberg notation) [ 5 & & i ]
'alpha', pi/2, ... % link twist (Dennavit-Hartenberg notation) [ 15 & #11%% £ ]

T, [0, 0.35, 0, 0, 0, 0], ... % inertia tensor of link with respect to center of mass [ = [L_xx,
L yy,L zz, L xy,L yz, L xz] [ZEFFAEXS T 5O PRk & ]

', [0, 0, 0], ... % distance of ith origin to center of mass [x,y,z] in link reference
frame (25 1 J5 53 21530 ()P 5 ]

'm, 0, ... % mass of link [3EFF )5 & ]

'Jm', 200e-6, ... % actuator inertia [ AT R0 1]

'G', -62.6111, ... % gear ratio [1£2LL ]

'B', 1.48e-3, ... % actuator viscous friction coefficient (measured at the motor)

[ i35 77 kG 1 BE 45 2 4]
'"T¢', [0.395 -0.435], ... % actuator Coulomb friction coefficient for direction [-,*]

(measured at the motor) [l 328 75 [l Ak 4 BE ¥ R 54 )

'qlim’, [-160 160]*deg ); % minimum and maximum joint angle [ &/l KiE&MAPIH
51t ]
du=pi/180; [ X E—HhF| 5/ ¥ DH 244 ]
L1=Revolute('d',0.399,'a',0,'alpha’,pi/2,...
'T,[0,0.67,0,0,0,01....
',[0,0,0],...
'm',0,...
'Jm',200e-6,...
'G',-66.6111,...
'B', 1.48¢-3, ... % actuator viscous friction coefficient (measured at the motor)
[ HURG PR BRI R (FE AL ED ]
'qlim',[-165 165]*du);
L2=Revolute('offset',pi/2','d",0,'a',0.350,'alpha',0,...
'T,[0.45,0.764,0.539,0,0,0],...
'',[-0.4638,0.008,0.3925],'m',17 4,...
'Jm',200e-6,...
'G',107.815,...

'B', 1.48¢-3, ... % actuator viscous friction coefficient (measured at the motor)
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L URL PR R (AEHALALIED ]

'qlim',[-110 110]*du);
L3=Revolute('d',0,'a',0.042,'alpha’,pi/2,...
T,[0.006,0.07,0.06725,0,0,0],...
',[-0.0143,-0.0671,0.089],...

'm',4.8,...

'Im',200e-6,...

'G',-53.7073,...

'B', 1.48e-3, ... % actuator viscous friction coefficient (measured at the

motor) [ FHLHURG T EEEE 250 (FERALALIIED ]

'qlim',[-110 70]*du);
L4=Revolute('d',0.351,'a',0,'alpha’,-pi/2,...
T, [1.8e-3, 1.3e-3, 1.8e-3, 0, 0, 0]....

', [0, 0.019, 0],...

'm', 0.82,...

'Jm', 33e-6,...

'G', 60.0364,...

'B', 1.48¢-3, ... % actuator viscous friction coefficient (measured at the motor)

L URL PR R R (AEHALAL IR ]

'qlim',[-160 160]*du);
L5=Revolute('d',0,'a',0,'alpha’,pi/2,...
T, [0.3e-3, 0.4e-3, 0.3e-3, 0, 0, 0], ...
T, [0, 0, 0], ...

'm', 0.32, ...

'Im', 33e-6, ...

'G', 69.923, ...

'B', 1.48e-3, ... % actuator viscous friction coefficient (measured at the motor)

CHEAURS PR R (FE LA ED ]

'qlim',[-120,120]*du);
L6=Revolute('d',0.082,'a',0,'alpha',0,...

T, [0.15e-3, 0.15e-3, 0.04¢-3, 0, 0, 0], ...
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', [0, 0, 0.032],...
'm', 0.09, ...
'Jm', 33e-6, ...
'G', 78.686, ...
'B', 1.48e-3, ...
CHAURSVE BRI R (ERLALIED ]

% actuator viscous friction coefficient (measured at the motor)

'qlim',[-400,400]*du);
Ez=SerialLink([L1,L2,L3,L4,L.5,L.6]);

Ez.name="ABBIRB1200';
Ez= SerialLink([L1,L2,L3,L4,L5,L6],name',! ABB1200 EzekielMok")
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MisR= matlab FHlEEANERKBIZFE

L(1)=Link([0 0 0 0],'modified"),

L(2) =Link([0 0.0138+0.024 0 -pi/2],'modified");

L(3)=Link([0 -0.0127-0.024 0.420 0],'modified");

L(4)=Link([0 0.114+0.021 0.375 0],'modified");

L(5)=Link([0 0.114+0.021 0 -pi/2],'modified');

L(6)=Link([0 0.090+0.021 0 pi-2],'modified');

Yol ds NEE 5 fr 4

Six_Link = SerialLink([L(1),L(2),L(3),L(4),L(5),L(6)]);

Six_Link.name = "Mt 42 7= 2k ERILEE A

%Six_Link.teach

%o3K fiff

init_ang=[0 0 0 0 0 0];%%5 /& EL4E 15

targ_ang=[pi/2 pi/3 pi/4 pi/5 pi/6 -pi/6]; YeZh E L 1L AT

step=200; %Z5 & i [A]

[9,9d,qdd]=jtraj(init_ang,targ_ang,step); %@L jtraj EEASRNMAE . MEE. HAhnE
JEHIHI 5]

TO=Six_Link.fkine(init_ang); %KiClh S izz) 1L

Tf=Six_Link.fkine(targ_ang); %>R 1L flI2 2~ 1L fi#

Yol - . FRIEEE . AIE

figure(1)

subplot(2,2,1);i=1:3;plot(q(:,i));title(' <7 AL FE");grid on; Yol £ &

xlabel('H [8]/s")

ylabel('ffi i /rad")

legend('J_1'J 2''J 3")

subplot(2,2,2);i=4:6;plot(q(:,i));title(' <5 AL FE");grid on; Yol £ &

xlabel('H [8]/s")

ylabel('ffi i /rad")

legend('J_4')J 5''J 6"

subplot(2,2,3);i=1:3;plot(qd(:,i));title('5< 5 f 3 E"); grid on; Yol £ 14 F&F

xlabel('H [8]/s")

ylabel("ff 35 5 /(rad/s)")
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MY Robot studio F{FEIEITREIZIFEL
PROC main()

Reset do_fzcao0;
Reset do_jcO0;
Reset do_jcjiaru0;
Reset do_jescO;
Reset do_jz0;
Reset do_yd0;
Reset do_zhjiaru0;
Reset do_zhscO0;
MoveL home,v1000,fine, Tool1\WObj:=wobj0;
WHILE 0=0 DO
WaitTime 2;
Set do_fzcao0;
Reset do_fzcao0;
WHILE js <9 DO
MoveL gd1,v1000,fine, Tool 1\WObj:=wobj0;
WaitDI di_daoweimaopi0,1;
MoveL gd2,v1000,fine, Tool 1\WObj:=wobj0;
MoveL offs(zhuamaopi,0,0,150),v1000,fine, Tool1\WObj:=wobj0;
MoveL zhuamaopi,v1000,fine, Tool 1\WObj:=wobj0;
Set do_jz0;
Waittime 0.5;
MoveL offs(zhuamaopi,0,0,150),v1000,fine, Tool 1\WObj:=wobj0;
MoveL gd2,v1000,fine, Tool 1\WObj:=wobj0;
MoveL gd1,v1000,fine, Tool 1\WObj:=wobj0;
MoveL home,v1000,fine, Tool1\WObj:=wobj0;
MoveL jcgd1,v1000,fine, Tool1\WObj:=wobj0;
MoveL jegd2,v1000,fine, Tool1\WObj:=wobj0;
MoveL jegd3,v1000,fine, Tool1\WObj:=wobj0;
MoveL offs(jcfang,200,0,0),v1000,fine, Tool 1\WObj:=wobj0;
MoveL jcfang,v1000,fine, Tool1\WObj:=wob;j0;
reSet do_jz0;
Waittime 0.5;
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MoveL offs(jcfang,200,0,0),v1000,fine, Tool 1\WObj:=wobj0;
MoveL jcgd3,v1000,fine, Tool1\WObj:=wob;0;
MoveL jcgd2,v1000,fine, Tool 1\WObj:=wobj0;
Set do_jcO;
Set do_jcjiaru0;
Reset do_jcjiaru0;
waittime 2;
Set do_jcscO0;
Reset do_jescO;
MoveL jcgd1,v1000,fine, Tool1\WObj:=wobj0;
WaitTime 3;
Reset do_jcO0;
Waittime 2;
MoveL jcgd1,v1000,fine, Tool1\WObj:=wobj0;
MoveL jcgd2,v1000,fine, Tool1\WObj:=wobj0;
MoveL jegd3,v1000,fine, Tool 1\WObj:=wobj0;
MoveL offs(jczhua,200,0,0),v1000,fine, Tool 1\WObj:=wobj0;
MoveL jczhua,v1000,fine, Tool1\WObj:=wobj0;
Set do_jz0;
Waittime 0.5;
MoveL offs(jczhua,200,0,0),v1000,fine, Tool 1\WObj:=wobj0;
MoveL jcgd3,v1000,fine, Tool1\WObj:=wobj0;
MoveL jcgd2,v1000,fine, Tool1\WObj:=wobj0;
MoveL jegd1,v1000,fine, Tool1\WObj:=wobj0;
MoveL zhgd1,v1000,fine, Tool 1\WObj:=wobj0;
IF js <3THEN
MoveL zhgd2,v1000,fine, Tool 1\WObj:=wobj0;
MoveL offs(zhfang,80%x,0,150),v1000,fine, Tool 1\WObj:=wobj0;
MoveL offs(zhfang,80%x,0,0),v1000,fine, Tool 1\WObj:=wobj0;
reSet do_jz0;
Set do_zhjiaru0;
Reset do_zhjiaru0;
Waittime 0.5;
MoveL offs(zhfang,80%x,0,150),v1000,fine, Tool1\WObj:=wobj0;
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ML Robot studio 1 TR T{Ehi&IHH RIS ER
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