- . .
—— Ix oru

SIS AR - Boan ik, S0, W, F. @8] T ALHL A GG BT G A B EAME T k(] AL #IZH AR, 2023, 66(6): 50-59.
KANG Ruihao, HU Junshan, TIAN Wei, et al. A digital twin modelling accuracy compensation method for industrial robots[J].
Aeronautical Manufacturing Technology, 2023, 66(6): 50-59.

AR T HBANBPFEREBEMERE

Bimg' W, B B, %aEE, Dell’
(1. B FMEME KT, &% 210016;
2. P EE S FRARIE, &8 471000)

[AE] AIF T LALEAR ALK& A R Sn AT B &, AR SE RS AR AR M4, AXA T bR
ASE RAAFRIT G, MET S EAMR E R EMBAL T ANKFEANN RA, BET HE R 55
BEMEXF AR ENKF AR ER N0, REMD-HiEZh FER T FE T TRFEARHER, A
LM F kst T AL B ARBARATHIPNSE, B Y THEBAKTFEARA TR LGS0 TR THRFEAR
ZE%TE, AN 2R MR 10 6 T L ALE AL AR agtEkiE S, AR PHIRE ML AR T AM M A4
AR BEA AEIF T AR ALLH] R GIE B S0 A E AN £1.6905 mm 2 53] T £0.3304 mm, &5 T 4.12 1%,

R A SR T AT AT 5 A HEAR T 0 S o BB PR IR o R A B AME ) TAT I
KGR AR IR T F A TUAURA A
DOI: 10.16080/j.issn1671-833x.2023.06.050

BRImiE
EEHRE, ARTTABFEE
BEUEREESTE,

BEH HLas ABOR B PRIE A T, DL
AL WL N R BAA A BE 2 A TE A
ZE LA B A 2 R I N AN

12, W RHLEE AR BT R R
A M, R XA AL
T R 1 2 A W G SR AR AR 75 R e
VI B2 H R (DT ORERE XS 2645
PR T B AT TSI AR W
W, AT 25 A RE TS VRS M e B ) B
25 [EPR AR TR T B0 2 A A ) o
Wi, B LA N B 2R A Ty
TR Z U S E O AT, 7
RIS T, A R B AR
AR )iz B 0 5 ) B S ] ) S5
PRIl AN — 2, s 3 5 2200 T
il R, Rk, ey ST R B
o PR LA R 2R AR R TR I 5 R
Pkl o

2003 4F- Grieves # % T % Bk i3
KRR A A A A 2 (PLM)
TR L AR B A A A L iR
VoL E S (A SEaT I &

* BEWE : BEE SR H (2019YFB1310101,2019YFB1707403 ).,

50 MisshEEEA - 20234 665 56l

25 A R R BT A B A B
o AT 95 A O VAt N | o ]
K ATBA B R E R R AT R
Hor s PS5 H AR BT A AN, $2
T RO R AR I T
B 2s BRI FE R A R . A IH
(I 53 3t 454 T T AS BT 3 4K
FASARRES Y, Li 45 P R i )
1 i 3 2 A T A i B 2R A R
HE B, Xia 25 U0 AT 5 25 4
R R A A R R R T,
HEMAE A ESea e fe g MY 5
U S AR AR A U R s o o g U
e, (HIXLER s E T
B[] | PR A P ) 2 A T
AL, BT %) S 4 B2 25 B 728 A
AR AR HGE R
TEYHAE £ A A AR I, Kuts
25 U3 365 AR/VR R 2 T Tl
B AR FOURE ) A R A0 B 42 S, ]



Intelligent Production Line %ﬁgéﬁ?&:&

DLt id AR/VR Sk 28 52 B0 HEAUBLAR
R shiEh . ERREEE U HIH M-
Works X == Be Rt 174551
IR AL oy SRR i e e oY i
B, Guo %5 " R Focas Hdli RAE T
2o WEE T A RE T 4R R B LR
PERES IR RS, XL EIRM
Rz SN AL PR SEH T T
BF AR A ST (AW T 2R
A AR RS B PR

FETA ) T AL A B 22 A gt
R H R PRI S EOR A LAY
N PN EBEE 4 ) K , (H T il 4
Je AR T St A R A
R R 2 FEWLA AR S Bp R
T2 (B A7 AR A 22 1Y, ™ 55 i LR
NBUCFZEA R B . Hor LR A
AT I S0 22 DL S i) AR
REE TR "5 eI e
9 AR I S M DA A R 1R
ZJETAR U IR 22 i AfF 7 — 2k
A2, SWE PR A F S ] A
FHAER R 3G KT & A= 284k

Toie R R 2 AR UiRZE R
SEBNARZE AT AR I T0Tk
GBI, 6 AR A 7 B A R 2 1
BRCHRS BE R AT AMEE . X T L]
SRR 2E B E T LR T8 sh
B (4 2 50k 2 ik B0, a8 O
WLES AT SHL, S fEwfn s i Tl AL
i N\ AE W) B 23 18] (Y 7, Dennis'™ |
Judd®™ | Renders™ 4548 Hy T 3T L
far i 25 U B KSR TE L 28 A A
FE T R A IE AT AT S8R
#. WA rEEE s T ARis s
ZRbRE 1 PO, W Zeng &5 BT
ST FE TR 2 ARARLEE RS B A T
e, EARE S PR Ar i 2 9 4%
ST T ML NS B or 2 AR I 1 ¢
TR ZEZ B OCFR , DIB E 37 28 4k
MR R ZE(E, T S LA A
EAER 0 DAER VA, 7

R T AR Bl 22 A AR LA 5
22 AT AR S PO ] SO BR A
T AR Ui or B AE L = 5080, SEH

T LA AR b 2 P RS 7
fiizs BN T, Moeller %5 BV |
FHEOE IR BSOS Tl WL N R &G i
TS 2458 ] 12 L RE S A BT
25 1 AR PR A R IS, (H T
TN R R A S AN A Bl 8 2%, AN
P TR A 2R TR HAERTHL A
N AR it B R B ME LIRS HLAS A
B ST R A B B A
WM R & 2 AE ML N A T
b FEPLAS N T AE 5 8 b O
RAL R E AT AT 7 40 P2 3
BR N R 5 R 2B IE &, I EE
il g AT R s B kT
A BN T e R 2 TR R HLAR
N B AR

AN T AL N K72 e
REHLH &, X 5020 A A ORS B i
77T B E L, M fElas A L%
ML RS, d s B 2s A i R
G0, X R S TR, DT IR
DT BT AR A i e R B s R
FIAR LR 22, SR L-M Bk 7
X Tl MLgs N AR S BT R &
IE, #ME TR AR A R Y LR iR
#o RIS R R T BT A A
J7 % 1 TE A RN AR S R X A
BORS BEAMER AT T

1 BFPFERR
11 HFEEEBEN

Ko 2p A AT LLE SCH Hh A%
S U IR B L B W B S s
AR AT RAE . TR AL
TR AE AT FE A B JEE (15 20 T
A5 Wy PSR G A8 FN D) R AL I
Bor 2R Rl 15 %%, A OpenGL
OF kD ) g s 807 2R A al
(78 W DUE L SIVET NN %575 N
JCRA AT 2 R R Hk BT
TV L A Y18 Bl 245 T 2 3
PHAREL PRz SR EE R 3 Tl L
NHURESHGREA %03, Bl Tk BLAR
Nz Bl s B 45 S s Sl 4 1
YRR AT AR A ] AR

N i, T OpenGL SEHUAYAS MR
T BRSNS ) AT Y, BT
AT S SR g N B AR )
B ARSI 5 2, 7 T LA R B ot
ATVRREIF AT FR AR 22 8] 1) DA O
Ro TSI [ R AT RIS A
Xtz 2 5 R 56 R HLAE A4S 5
PHEAI R R AN 1 R

e 2 AL N5 3B s O &
f3ERE T, R MD—H £5571 ¥ 25k
Tl ML A A58 Bl 1 22 T B S Bk
KR, X 45 K B = A HE
riz sh ), T k% D-H AR
R i R S o e D S B X VA
MELLCR BB, BIA ST AT S
BB METEATE, E L B#£0,d=0;
KTAPATHS, 5 X =0, BEET, i@
it MD-H #37 IHLER RIS i 1 i
FEAHXT i—1 775 3% FF 1 55 U A% 8 6 B

R -

KRR

Xt

YAl
ESED
= ,l“
K46 K Aisho e
b Hm

1 SEHI TR NEBBHENE X
Fig.1 Subordination diagram of milling
industrial robot moving parts
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Fig.2 Position of digital twin modelling
accuracy definition diagram
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Table 2 Robot modelling parameter correction results

A TS Aa/mm Aa/(°) Ad/mm AG/(°) AB/(°)
1 0.9 +0.0001 -1.02 —0.02 0
2 +0.233 +0.03 +0.135 -0.000293 2.6x10°
3 +0.503 -0.002 —0.0057 0.000337 0
4 +0.8 —0.0021 +0.1002 +0.28 0
5 +0.2 +0.05 +0.0003 +0.0202 0
6 -0.105 +0.01 +0.05 -0.601 0
F3 BERNENEEREE
Table 3 Modelling accuracy before and after calibration
g | X PSR/ mm | Y EERE/mm | Z AR 2E/mm et
R4 =7 o o K RE/
BE g | ez | omi | gz | P | gz | 00T
FSBHEAT | 03765 | 0.1272 | 0.1440 | 0.1479 | -0.7297 | 0.3078 | *+1.6905
BIESBEE | 0.0743 | 0.0766 | —0.0482 | 0.0853 | 0.0279 | 0.0566 | *+0.3304
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Fig.9 Comparison of coordinate deviations in X-direction
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Fig.10 Comparison of coordinate deviations in Y-direction
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A Digital Twin Modelling Accuracy Compensation Method for

Industrial Robots

KANG Ruihao', HU Junshan', TIAN Wei', ZHANG Jiawei', MA Chuangye’
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AVIC China Airborne Missile Academy, Luoyang 471000, China)

[ABSTRACT]

Aiming at the problems of the lack of perceptual monitoring accuracy of the existing industrial robot

intelligent equipment modeling and the low accuracy of modelling based on theoretical parameters, this paper takes the
industrial robot milling system as the research object and constructs a digital twin measurement system that measures
the robot joint turning angle data in real time with a high-precision scale to avoid the influence of joint turning angle
errors such as gear gap and encoder code loss on the accuracy of digital twin modelling. The digital twin drive model was
developed based on the MD—H kinematic modelling method, and the L—M algorithm was used to identify and correct the
industrial robot modelling parameters to reduce the influence of geometric errors in the digital twin modelling of the robot.
The use of the identified robot joint parameters for modelling has improved the accuracy of the twin model for modelling
the motion points of the industrial robot from +1.6905 mm to £0.3304 mm, increased by 4.12 times, which demonstrates
the correctness of the digital twin modelling method and the feasibility of the identification of the modelling parameters.

Keywords: Parameter recognition; Auxiliary sensors; Digital twins; Industrial robots; Modelling accuracy
(T * %)
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