3B6W _ B A ' : 39

I PN K ) %E#ﬁﬂ’]?ﬁﬂ]%
S HRIR

CREKEVMR, BWR)

WE  REBEOESDE, DEENIEEEHRGRENMBRRETAR. RINBATHOE
RERE, EEFTHGRSERTRNEENRSEN, FRMNSRENRESENNBATHLER
2, AERBIMRERNGTRAYEEUHE. EAME. XPRILT PUMASC ZIYLIAMIRBMEL

XA PBAUM, RE, BEL 3.

1 WE
BATE VLS ANMRERBN TS, HBEAXBEREMNS, SEMRIRTRERRS O, 2
MREHTERKBRREBRS OF . FAXLRETHAERHRLERET &, BEENTHAFEHR
B #RitEaaBERNYEE URS WS BT H S AN BRSNS HNE R LT MERR%
FREEREMTERNNBATRARRE, i, AXEEREXNRE—HEARSERORE
BB E——/MIBE, BRAZXABIMREMBNLERNE, GAERR. £XREXNHERY
L. B RBRT/AMIBE, SRENYEEENWNEST, BYRiEBEEE M,
RERBAESECMIBE), R—HEEWNIAPEMFRREN/MIBEREITER. RIS
AFBABRERPN L, dTFREEENESNEXTEMBSER, HibERARARARS ENH
BRSNS, BATSHBNRE. SCRUFFRERER W RRMES T MRS SRS
KV E B ENPBATRURREOEA AN, FRFE, JCPEHILT PUMAS6 BV ARIRE
BB,
2 RENEDFR

H1 —RFEIBANE

SHFH 1 FiRE—BOFEBLBABLA, BIHH MR T -1 A7 UM E Ag, 71 Aoy 3.
# Ag WHINEES, Ao HHMALB. BEDESHRERBL, ELBHNRRIREE Ag, 7

AmmﬂA%mﬁ.&wAmﬂAwFEWMﬁA¥W@%§%Pﬁ%ﬁﬁ¢u$% )
Ag= q+A%xp, n
Ao = Ag, . ‘

R, Ag M Ao FIBAFHUBMBSRERR, p WHIZ Ao ENBAKH P EXE.

YRS E] 2 19884F 11 B 19H.



40 s oA 1989 4

ALERETARREMFE, ML) Ag, 7 Ao, MVLBAFRMAEREOPMOYEEL. KRR
RE R R AN R, | '
FRAIS AT S AR AR MIBHE, WATBBATRIERENE
Ag= 3 Aq,+ Lo, xp, @)

tml =]

Ap=Y Ao,
=1

Reb, nF0m S HIHT LRLH dq I SUMER Ao, MK
3 RERENTALR
1 ENSUREPFLONBATHEERE
311 HEREMEXAR -

ST 1| GOR— ML AN, R D-H AR RE AR 2. BXE).
1 Z R SRR AT ROVITR M FF U RAERE 4, %%,

z,
4—1 / P
o, Z z,
I~ & 5
% d, \& /%
||/ X; X,
_6:_"":—: a
xI
&
B2 HLERANEA D-H RERiRICHK
(00‘ —sOca, sO5sx, ach |
- s0, cOex, —cbsx, asb, . : 3
0 sa, ca, d,
' | 0 o .- 0 I
ﬁ*Sﬂc%ﬁﬁnﬁum%ﬁ.%gpm,¢%ﬁﬁmmﬂnﬂ§ﬁlﬁ@Tﬁw,E
. nl al al pl Cl—l 1 pl
4,= = 4
0 0 0 1§ 000 1 |
=(n, 0, a) (5)

=11

KR, np 0p ap KA IXIWIIE, C, HRFR 1R i ZEMHRKERE © . HPFER oW
BIRR 1 ERELITR -1 PRI, :

PLBATFHH R BN FRELIERES
T,<=A,A,3~4, (6)

WBAF B RIRR - 1084 i—l)&ﬁ?&&“&i@ﬁﬁ

= .o
i Al i+1 N



3R6H PLER AV IR 2 BT AY B sh ik 41

o ] e ] .
0 0 0 1 000 1 ' ‘ :

B, uy=Ty up, =5 o HERR IBFEEEFHRSEER PHRBIIME.
3112 EHBPRESEBUBATRAURREZMEHAK

BEEAFVABE 6, ap a, dBHFERE A0, Az, Aa, Ad, MENQ)TH, EFHLERA
LA TR EREY

Aq"’—ZAa +Ad, + A0, x p, + Az, x p,, (8)
ap
dx” 0 a,
N
& =T ¢l o |+c,, c,.| 0 |x|o .
=1
dz" 0 Af, 0
0 :
0 Pxpli} ©)
T8, XPEX —
a, .bx
—a, b' )
0 b,
¥RNRAROEHE
dy" Z(nl+l :"+I- l+l) (d +5 xpl+l ) (10)
el
dz"
itq: A 1 2 3
d] =15,A0,z+ k,Ad,’+ k}Aa,
3/ =k!A0, + kA,
e v .
k, =(0 aca, —a,sa‘)
k = (0 sa, ca)
k =(1 o 0"

X+ B ()R AL d‘ 0 87 Sy B oMk T -1 MRBIB MM BN R AP, Rt FR
TS A, WIBLEMERE 64, BB ENRB R AT O
Fi&, #&RNQ)TH, EFHBIR Vééﬁﬂlﬁ{\zﬁ‘cﬂ%ﬁtﬂﬁ%

A" = Y.A0, + Ac, an
1}
ax" | [Ae
Y [=Xc,l o |+C,,.,| 0 (12)
PR = 0 K AQ,

BHA



42 B o# A 1989 4
ox”
5YN Z("ul 141 :'“)15;4 (13)
.8z
R10), (DR ETUASERTRE A0, A, Aa, AdMRHEXFER, W
Aq" = (dx" dy" dz") = T M 86, + M Ad, + M A2, + M A, (14)
2o" = (3x" 8y" 52" = ZM A0, + M b, (15)
iﬁqﬂ i ' ']
M1=(nltl alﬂ l+l) (k +k XP1+I)
M' “("nl ol+l r+x) k
‘M _(”H.l ol+l :n) k
M4=(":+1 .D:-n 1+1) (k xpl+l)

EVLSFARERS RS, BERAROHMRS)KITHFHRABERE,
32 XPEBTENFHERZE
32,1 XTEBHRERT

BT EAT A 2 ShA ZR AR S TEMRE, Esi X WA LAFERME. Eit, X¥ERER
BB X TR P LA 2, W RBHLSAFRAERE, A0, MTHi41%H, HE

WS EA M X T 1 SIS RER
d; = (Au,Av Aw,T)
5 = (An AL, ALY
IR RIERE A, HIRBER Y

0 —AlL, Af, Au,

. AL, 0 —An‘ Av,
8 —AZ, Aq, O Aw,
0o 0 o o

B, NTFREAR—AXY, HbgsREsrge, ETF2.

B A / A
SRR LI
. . A il
Wik [ %
pw
= L]
<

B3 MERMRESRL

322 XWREEEMVBZATRUERENTAAR
AXQRAEZFR, EER~ENNSATRUEREY

(16)

m



3vem VLB ABLAIR 2 EUE A S sh 3k ' a3

- | dx
dy” —Z(n o a)'(d; +6 x p,) : (18).
dz"
5x™ .
sy |=L! o) a)7s; " C9)
. S e ‘
AR BREXTREQLIERER
(ax" dy" dz" ) _ZM Au, + M, Av, + M Aw, + M A, + M AE, + M AL, (20)
6x"8y" 3z")" _ZM Aq,+M AE, + M AL, . (21)
R
M, =(@lold)) (! 0 0/
M; (r.:,"o:'a:)l(o 1 0)
. M= (n}o] )(oon)’
M,=(nola) (100 xp‘
M, —(n',‘a.‘,‘a:)’(o 10) x p,,
]

v ® u.T

M—(naa)(OOl) xp,

R(14). 1HKERQR0). QDAHMIBAFRGEBEEE @Y dy¥ &), (6x" 5y SR FREFH
AR n AN REFIE, A, EREBIRR wma&wu&&&w
@x’ dy’ @z") =) o al)dx" ay" ") . (22)
(6x° 8y° 82°) =(a} o} a}yax" 8" 82"y (23)
4 PUMAS60 LB ARIREHER : -
PUMA 560 #1338 AU B0 JUAT 5 50 B SR 525 (R 2 15 25 1 LA R A BE WE AT LR 1. BORE fhux st
J}?!&ﬁ‘uﬁﬁf?‘iﬁﬁﬁ%ﬁ)&?‘%h%wé"iﬁ
F*1 PUMAS60 m%ﬁkmﬂ&@ﬁ#&wﬁtﬁuﬁ

i3 6 d a a A6 - | Ad Ax Aa
1 9, 0 n/2 0 0 0 A, Ag,
2| o 0 0 ay 0 | Ad, | Aq 0
3 0, dy -n/2 a, 0 0 Aa, 0
4 6, d (=/2| 0o | o 0 Ax, | Ag;
5 0 0 -n/2 0 0 Adg Aag Aay
6 0, 0 0 0 0 | A4 | © 0

BER9). 1HR22). CHTHEGEVBAEERTEN, FRORMERRBELIY
dx’ =c0 Aa, +50,[—a,s0, —a,s(0, +0,)~d,c(0, + 0,)]Ax, +

+(—sB))Ad, +[—d 80 cO, +a,s0,s0)Az, +(—d 50 )Ax, +
+[c0,c(0, + 6,)c0, — 50 0, 1Aa, +[—cB (0, + 0,50, +50,c0,)Ad +
+ {c0,1c(0, + 0,)c0,c0, —5(0, + 0,)s0 )~ sﬂlso‘sos}Aa, +



44 - wnos A, T

5

+ {c0,[c(0, + 0,)c0, 50, +5(0, +0,)c0,]—s0 50,50, }Ad
dy’ =s0,Aa, +c0,[a,s0, +a,s(0, +0,) + d,c(8, +0,)]Ax, +
 +cB,Ad, +(d,c0,c0, +a,c0 s0,)Ax, +d,c0 Ax, +
+150,¢(0, +0,)c0, +c0,50,1Aa, +[—s8,5(0, + 0,)s0, +c0,c0,]Ad, +
+ {s0,[c(0, + 0,)c0,c0, —s(0, + 0,)s0,] + cd,s0,s0,]Aa, +
+ {s0,[s(0, + 0,)c0,c6, —c(0, + 0,)c0,]+c8 50,50 }Ax,
dz’ =d,Aa, —s(0, +0,)c0,Aa, +5(0, +0,)s0,Ad  +[—s(0, +0,)
c0,c8, —c(0, +0,)0,)Aa, +[—s(0, +0,)c0,50, + (0, +0,)c0,1Ad,

5x° = ¢, Ax, +cd cO,Ax, +cO c0, 1«.0,)150:3 +[ch (0, +0,)e0, —
—s0,s0,]Aa, + {c0 [c(8, +0,)c0,c0, —s(0, +0,)s0,] - — 0, s0,s0 }Aax,
8y’ =s0,Aa, +50,¢0,Ax, +50,c(0, +0,)0a, +[s0,c(0, +0,)c0, +
+¢0 sa,)Aa, + {s0,[c(0, +0,)c0,c0, —s(0, + 0,)s0,] +c0,50,50, A,
6z° = — s0,Aq, —s(8, + f)j)Aaa - 5(0; +0,)c0, Aa, —[3(0, + 0,)c0,cO, + c(@, +0,)s0,]Aa,
SRE ,
—%Ji‘ﬁﬂiﬁﬁﬁﬁ_ﬁﬁi*ﬂ%. W BRI B Y., REER YT EE UGS AEMGR

ZHBFMS.

5
6
7
8
9

RS EOE Y HE Bh ek FTIA L B ML AL F (0 B 1 22 Ry i b o IR B 52 B — R iy 3.
R RO RGR, 1) BT A R L e ST T AT B
PR EU RO B AT I B T ML AMLH A0 B RO RS S

' 5 2 X @

W Chikaur A Kincmatic CAD tool for the design and control of a robot manipulator. IJRR, 1984; 3(1): 58—67
Waldron X J, Kumar A. Development of a theory of errors for manipulators. In: Proc. 5th World Cong on TMM,
1979: 821-826 .

Kumar A, Waldron K J. Numecrical plotting of surface of positicnal accuracy of !nanipulators. MMT, 1981;116(4):
361-368 '

Kumar A, Prakash S. Analysis of mechanicel errors in manipulators. In: Proc 6th World Cong on TMM, 1983:
960—964

® M. MEATBREMTRBRZEBEEREY. In: 15th ISIR, 1985; 2: 873-878 '

Fiew, EARE. TUMBATAKRESHREEARFE. KRR ARER. 1984;3:65-72

IR, BBk HBEAVRGIERNREZS TR BMIB AR, BRI, 1987, 17(6): 43-54

Pau! R P. Robot manipulators: mathcmatics, programming, and control, The MIT Press, 1981

K. ZEVMSITSEAER. YUBT RRE. 1984

10 HRIR. BEVARUBAHREFR, @LP00R ERMBHERKE, 1987

(T #3848 :)



48 OB A © 19894

2 PRE, WFRE. XM, FRTRTENAEERRBANREWITERY. L 2ES - BISAERITSE
SR, R, FEEDLESIBEASTLERE, 1989

3 Tokuj Okada. YVehicles in pipe for moniforing inside of pipe, Mogrer. In: 15th ISI]i, 1985'

4 Vertnt J, Marchal. P._Vchiciés with wheels and legs, the in pipe remote inspection vehicle and his family, 1978

A RESEARCH OF ROBOT MECHANISM

MOVING INSIDE A PIPE
DENG Zhongquan SUN Xuliang LIU Chenglir
(Dept. of Mechanical Engng, Harbin Institute of Technology)
Abstract
This paper presents a new raechanism moving inside a pipe, and discusses the design method of it. Ex-
periments §how that such a robot can move steadily inside a horizontal or vertical pipe.
Ke§w0r@: robot inspection robot, r'obot mechanism, robot design, vehicle,
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ON THE OPTIMUM TOLERANCES OF STRUCTURE
PARAMETERS AND KINEMATIC ERRORS IN

JOINTS OF ROBOT LINKAGES
LONG Yupng LU Jiangqing
3 ‘P"% 2 )@(;g . (Jiangxi Polytechnic University, Nanchang)
Abstract

This paper presents a matrix form of the positional and orientational errors of a robot linkage. By the
matrix theory, the paper reaches a conclusion that if the positional and orientational errors in its workspace
is minimum, the aberrations of structure parameters and the kinematic errors in joints must beu the
cigenvector corresponding to the least eigenvalue of the coefficient matrix of positional and oricntational
cn'ornghe method for choosing the optimum tolerances of structure parameters is also presented in the pa-
per, and the optimum kinematic errors in joints is given. A numerical example of 2 six DOF robot linkage is
presented.

Keywords: error analysis, aberration, tolerance, robot linkage, matrix theory.
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A PERTURBATION APPROACH TO ERROR

37~ %  MODELING OF ROBOT LIKAGE
' ' XU Weiliang
{Mechanical Engineering Department, Southeast Univ)
Abstract

A perturbation approach to error modeling of robot linkage is presented in this paper, by which posc
error models of 2 robot linkage can be established through combining the small displacement vectors of all
source errors. The pose error due to various kinds of source errors, such as the clcarances and the axes
aberrations of joints, can be analysed withoat any differentiation which is requircd in other methods. Error
modcls obtained from the perturbation approach arc simple and their physical concept is obvions. For il-
lustration, error modeling of a PUMA 560 robot linkage is made.

Keywords:robot linkage; error; modeling, perturbation.



