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[ABSTRACT]

to aerospace high precision manufacturing. In order to improve the absolute positioning accuracy of industrial robot,

Due to the low absolute positioning accuracy, industrial robots are difficult to be directly applied

a robot accuracy compensation method based on optimized correlation model is proposed. Based on the principle
of error similarity, the mathematical relationship between robot positioning error and joint angle is constructed. The
simulation results show that the influence of different correlation models on accuracy compensation effect is analyzed.
Finally, the optimal model is selected through experiments. The experimental results show that the proposed method
can improve the absolute positioning accuracy of industrial robot from 1.8057mm to 0.2902mm. The research results
of this paper provide a technical means to promote the application of industrial robots in aerospace high precision
manufacturing.

Keywords: Industrial robot; Correlation model; Spatial similarity; Error similarity; Robot error compensation

DOI: 10.16080/j.issn1671-833x.2021.21.077

Bl b FE i 20257 SN AR S HEDE B RE
M O 2R B ] 2 A 2 Tt b A R Fy e SR 3
BEH T AL N B 5 5, W2 i R A5 Tz )
Plas AR TAR L a3, SR 10 Tl HLEs A4 x5
S AR 28 B i) 249 JHC A v A R Al 7 P ) i 22 A

o PIERTE TP HL AR B9 2 %08 5 (3 K5 B2 X HE S =S
ST L e A 3 B T SO A (EL

HLAR AN BE R0 g P IR AME RS LA M PR ]
IAMEEAE AR Z N HT PR REARAR th B AR BEAR TR, H
BEMPATERAMEEEOR T R 223 U IR R G E B0 B

* LA FHRARREHS (52005254 ) 5 FF TS0 LR 2018YFB1306800,2019YFB1310101 ) 5 Y1754 A SARI= 44 ( BK20190417 ).,

20214655645 552110] - Bt BlEHA 77



‘_‘i.‘ »
E{%tﬁi RESEARCH

A, FE SR R Y P R A M R T 1 O R
B SRR A SR R AR ML IR 22 X ER AL AR T
VERRBEAN BT IR 2B R A o TRIIL IR M AR (1)
N EANTABR BT, B LR AMEER AR TGk Bk 4]
IR A M A B Ko SRmT, B A SR Ul AR e
TEATEE E AR LS, HTRE R B RS B K-t g T 2
GRS INOP N 3 VAT

T 50 1) I 2R FE M vk R B R as e brae Y,
S PREF S B ENE IS HLES NGB Bl R Bk
ISR, SRTTIE B b5 AU BT LT S 505 R )
R, A EAMESCR A B, e Lk @, 152
9 N BV T A S AR LR 25 IR A A

FEF 1R 22 RS 1) Sy v S I AR AL 2 A 3
AMERIRIFFE A, TR S U R B B s (R P A A
25 TRV AR , X104 1) IO A% i 308 ek DO s IO 35 25 X6 PR 8
JESEPE T AR AR, AR A U R A 1Al AH
IPERMERS S FLHLES AL E (iR 2 o Zeng S5
T FH X — SEAECKE B 5 7R 25 (R A ARRURE e 4 31 D6 23 ()
]I P A T e 2 AR B EEASE AR i g 5 1) 3 o 156 56
UE T LA AFR2E MR 25 A0 M, FE X ok 25 A i 1R 25 AH A
JEREL, Tian 25 "7 3@ FEALAR AT 2 M B
KATIRZE, [RIN R A it 22 R ZE AR DL B AR A A T M
Cai 25 U FEIR 2SR EE BRI AR 153t T IR 2 xot
SR TRt (0 A v B VA IS T R MR
o Chen %5 VGRS AIUUEE 542 n) LA 2 45 M LS 75
E— A THLER KGR . R iR S T A b
PEAR  UE AR (L BE AR AR RS TR AL A BEAME A &
RPN FH o SR LR T vk 22 TR AR R ) BT
B A GE RS BE [R50, AR SO IR IFARFIE

ARHFGEHE T — PP A A AT B AL 28 A
T, T KUKA KR500-3 HLEs A% )y itk
(R oan o

1 TUHBAREHAUEER
Bk n B BEIERSEHIER A m DMEAR 0=[0, -,
0m]T,/ﬁ\:I:F' HiERI,’fjﬁi%%%%f:: [e1 P ,em]T, ;H\:EF' e,ER3o
X F— 41 2 ST A O ER", 56 147 In] B9 AL B iR
2 ¢, (0) Al LLER [A1EAERY FAIFEHLS AR 2 ZH
61(9):F(ﬂ:,l’9)+zl(9)al:xaynz (1)
H, F (B, 0) 2T 0 ByREL:
F(ﬁ:,,,e,é) = ﬁu + ﬂ2,191 +eet ﬁ;1+1,18r1 =
o - 61B,=f0) 8, (2)
Hrp, g 2t G 28 DL R 2, (0) ERZE,
TERN:
78 Wi HIEEA - 20214E Fe4ds 2110)

E[z,(0,)z, (9»/. )] = GZZR(ﬁ,Qi,Qj)
(3)
l=x,y,z
Horp B NECENE o) 5 LD R ) 255 R(E,w,
x) BT SELE WM AL E S 2 WA 21
I O RIREAR AR A T R 25 T AR A
él(ex):chl (4)
Hrr, 6,(0,) JRAT—FF AN A, x 2EATA0E 0, [T
25, ¢ A CHREARIRZE N R X

F=[f(6),f®,)] (5)
Rij:R(§59[’9j)’ I, j=1-m (6)
r0,)=[R(.0.,6), - R(,0,.0,)]" (7)

Horfr, F oy £ 7815 2RSS
O PN R 22 AN SEBRR 22 ) 22 BT 3R -
6(0,)-¢(0,)=c"e,—¢(0,) =

' (FB+Z)-(fO) B +2)=

c'Z—z+(F'c—f(6,)"B, (8)
Hp, Z=[z,, -, z,]", N TAETNR 22 T fm i, A
F'e(0,)=f(6,) (9)

TEMCAIE T S99 2

0(0,)=E| (40.)-¢0,)' |-
E[(cTz —z) ] =
E[2+c"22"c-2" 72z |=

(10)

o?(1+¢"Re—2¢"r)

AR B H AR R S AR T I RIE SR Ty 22 fie
AN, KOO MR E IS, 3K 10) Efl &/, Btk
ARG P H R

Lic,A)=c*(1+¢"Re=2¢"r)-A"(FTe— )  (11)
Horr, 2 2 s I H B, iRt ¢ i 8Oy -

L.'(c,A)=26*(Rc—r)—FA (12)

K (12) 0 0 BF, 1) USRS KRR FCA
A (4) 015

&0 )=r'R'e,~(F'R'r—f)'(F'R'F)"

F'Re,=f(0,)" B~ +r0)"y (13)

Hr f=(F'R™'F)'F'R ™'}y Fp=e M R RSRAG A,
T I TIN5 2 1 25 B s KASR AR 1A

0 = (e~ Ff ) R - F ) (14)

RS o MR TSHE, B & SR & MR URA
THE & MU R 2R A

—%(mln02+1n|R|) (15)



eI
RESEARCH Hltﬁbtei

[RUEFERE R 17 1430 A3 ) rh Sk &™),
FAZI(13) 1, IR 13) XL AR 22 T,

2 HEXHEBERN
2.1 HMBBAEMRENEXES T

ML A SE LR 22 A AH G W] LA 7 22 iR BCE
O3, F B R ZE B T 22 REIUE TAEZS RN AN T

BT 22— 27 24 BROCI 2t — LA
FO i 52 1 26 W 2 LA
1R 0 )
y'(h) = EWB,ﬁM“))AHQ)] (16)

H, 0 erR F 0 eR 5514 n [ i EERERE ML
AR S5 Ay, O AR 25 20 50 AP (0)
AP (0Y) s N Ch) e h sy AN, 2 bl
DL P2 515 Ff 22 TR 14 R ER B s A 38

By, = 26:[9,;') ~0,0T (17)

k=1

TH A A MG I 153 B BIL 2 A L 1R 22 K A
BT R B T5 22 sRBEL, W] LA Y 58 LR ZETE x|
y Mz 3J7 I AE A [ e, B Sk 2k, o
R e (R 255 SRR A IR AR SCIERR I , 51 Person
LEESES { a3 i R/AE W/

Sy () Z 27 ()
\/{th (Z ) ][Z ()’ - (Zy (n ))

(18)
HHERT AR 3 ST Y Person FH 3¢ 2504 K
0.9838,0.9918 1 0.9543, A WL 3 A~ n) [EM iR

person

0.301
—— XJ5 1]
025f ———- Vil
—— ZJ7 ]

ATy (h)?
(=)

0 10 20 30 40 50 60
SrElih ()

1 HBMAEMRENFFERY

Fig.1 Semi-variance function of robot positioning error
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Table 3 Sample statistics after robot accuracy compensation

mm
el N HR/MA H{E R
Jc 1.8057 0.6122 1.1759 0.2743
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