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Fig.1 Schematic diagram of automatic sealant coating robot system for aircraft large components
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Fig.3 Schematic diagram of working principle of multifunctional end-effector

——— EtherNet
— 1/0
——— EtherCAT

e L

[ _

n_al

HORE (X

S,

TolkAHML

frl SR Sl

g |
Eiigt !
ekl

)
bRl AL

frl e Hk Sl

- EIN
®

e PR L L

B4 REHMEHRINENY
Fig.4 Network topology architecture of system

20234655665 5 1200] « it BlE A 61



- . .
—— Ix oru

| i |
i
s g%ﬁ%w ﬁ%%%% %%%%w
A2 | R ng’?}}‘% s | | sewiews
s msi%?zmu a%%%?zﬁ ﬁi%“ﬁ%ﬁ%ﬁﬁ N
i | s ﬁﬁ%ﬁf*ﬁ“ LD | | s

BLESA. 0T, S8, TRl BOCRIE . fAREIL, Zoftmes |

B 5

SRR ZRA

Fig.5 Integrated control software architecture

MLOR B4 O R A T4 1 .

(2) ZHEEHZ, HTFLHA
WA BEE N TAEZ S RS,
L rfopLas NS L A YU K ML A
Nl 42 0 R D RE A —
i, G AR R B TR R
PP R34 AE; HANRIE B
ST ML B BRI s e A, 2
BLE AT A ShiR I B LR P, %
R R FH 45 L e N5 R AT
#a UrEI S8 B B iR AT 55 5 AR
T4 12 AL T SC R S A T4
H A D] TAE A S A T RE
B KI5 251 N AL B, PRI
U PRA TR RRUE VA T AR,

(3) BAEALBRZ . ZZAE RN
BLES ANAR T i s o e R U]
o ER S . T 2S5BS
5 36l 18 2 A8 L B EA T A
RN AT Herp L o U AR e 2 1
FHAIL 2058 2 AR Tl AR HLFA T 2]
B MG A AR AE S 53 S5 ARG, SR
HEFLSE PR AL bR E 5 B S AL FRAE 2 (8]
HIFAR R ML A SN B IR R

62 WisshEEEA - 202345 o6 55 1210]

I FH R MU0 6 3] 1 2 480G R AL
A N LR G A Y B TR R A b
HEIE A3 2B IE S HLas N SEPRER e
Bl ; EEA R E RS WIS
LA 1 SOETE ELGEFI A TCPIP
PR USCER GO HE 3 ORI Tl A ALY
Kl 55 2 ZRAE 402 T Modbus
TCP 38 {5 Pr L N R T g ez 11
(API), 2Bl PLC ¥l gl , &k
P2 SO BOR A IR S

(4) P fmz. HTsigsrs
TR MR R G IBATIRAE, T AML
L H YR, HA 4R ] WPF
( Windows Presentation Foundation )
55 C# il LU ) % 52 07 A4 72 11
T AR, 2% 1 A e Sy B i Ak 3
2 e E s E AT
REAC A RIS AT 4 R ANt
G B T R Iz
FHH (RGeS ) MRS A3
VRIS A A RS W 5 A~
A gtk s 3 Rk B4R
N U DT A5 5, R GE Rl
PR E SR AN 6 iR .

3 BRI ZHE

H iR EILEE N RGN T AR
FANE 7 fros, HOCHER T 200
wr.

(1) AR RARE. MikPLEF A
H B4 18 22 G e BRI 110 6 40 05
B AT, T A B 45 A AT AR AR R
B , AR IS B & =22 8] 1) AL A e
LR,

(2) RGEAK. RE LHEIFE
G, BB A T, HENA
FRFAR AR PLEF AT R G0k
LRGBS PRI MRS IR &
Gt AR AP RS R T EA T e A, L
FNRG AR

(3) RGEMMHIL. N T HRIFR
FIR e B TSR B A R, T
VIR AL N R G s st il R 45,
PR i HL S s s R gz a1
A, e E AL R
PRI LERSE B R W iR AL

(4) A Bl B0 3 4 g 1 72 7
(NC #¥ ). 3T DELMIA ¥4,k
JH CAA K VBA W Fh T & AR
BT T AL N Bl i 2 46 4 A 4K
fF. A F Bh IR I B 4 g R A
HR A UL SR — R R R I
HLES ARSI T3 TCP S MTTE
T, [l Bt 5 e B T 2 [l B R AR
FR B O 2 B HOM S AR, FRATA
Ui AT A TCP (B ol By, IF
BEE W I (] B 5 7 [ 4R e
IR T LS8 A L AR
BRI

(SRR TS E, K
FEM PRI TS B 25, A
I, FENLES AT A SR IAT 45110, 5
I T 7= BRI TS S B T ik
B EARYE DL R SGE R (8),

(6) FEHER G HiR2Z4ME,
Tr= S AE e iR 22 AR iR 2%
PO R 25, Hi RS B A g
FERR P AT A Sh ik e TAE AT e
U TS TR R R 2%, TG i R U M



Industrial Robot Ijkm%)\

(< = SRS
@ ns:AsmrERS UEINCES B
B HiHHom A SHeE
[D:\VS2015 Project\AutoGlusYs\AutoGluSYs\bin\x64\Debug\BEig ZE\IZ_Partlixt|  SAZE — fEREIRS:  RERE BTRES: KET EBRE =R
EHeN D s - - B
)) |§/§)§1(datum X=-115.6955899 Y=2479.857075 Z=103.31112 A=0.11128 BQ = ) _
EmEs EifZE: 0001  mm BinfuE: mm
PP EESlRSIRIAE. ... 1 P
o = = 2203.0 A=0.1 B=0.2 C=03 ==
FHGRE 9P [EEA2(datum X=1274.398019 Y=1243.704392 Z=203.0 A=0.1 B=02 C=03 | FraRm . O s e s
P [(BES2RBRIP..... ‘
REEE O — REEE Lfste BEEE FHEER =)
Fe  Xmm) Ymm) | wE RIEFS
1 }-115.69512479.857\ 93 . P - = . s
" e EEERTS: SReERE EDHS FET EIRE =R
R 2 1274.398[1243.704| 124 R85 e
0% fig SRR O mm EfuE: mm
T 10 (WEENCY % sHER
FE  Xmm) Y(mm) 99999 B
T ) SR o EEE 0 mm/s BEEE mm/s
5 i 5 ELE ¢
06 z
XiFE LfEEe BHET FHEED [ilsv))
1evepoay U s ¢ LULLUILY KU aLLl] UL TSR ¢
12022/09/19 ] (HE] YR | 2022/09/19101212] (48] SUEBARTFSIEPEAMAAESZ N\ |
[2022/09/19 09:31:36]  [i48] FIFFENLATL! [2022/09/1910:12:12]  [#4€] MEEARTFSIBEAHALI) |
[2022/09/19 09:34:35]  [R] SHBTFALL | [2022/09/19 10:12:30] [#44] Q& EE
N . L ke .
(a) FEMESN A (b) PG
& nziemsERs @ ez smERS
ROUEE NeEARER RyUHE pr— ] l
T 0 |
weew : el cwesaws |
! b FrasR b ! —
Und: 0.0% Mod:|5.2% Sat: 94.7%
FHEREL FHaRE
NEARBII I
REEE BHLRS EBALE eEEE
- LENEE: 0 mm/s X: 1561.116 mm A -93.209 °
wesm o RSN
sg; LgjE: 0001  mm Y: -45235 mm B: 4232
ROI: 1280x460
i SEEE 012 mm/s Z 1702672mm G 39959 ° i [ o
% [CEgror x:[o X[z | vrfo 2|40
8
n LEiE: 0 mm EL 0 mm E2 0 mm = @
LCULLU3 13 1uau R TR LLVLLVIAY WIINEL LI BSOS
[2022/09/19 10:11:01]  [i#iR] RECHIREWBASNBEENMEUNIR , Fdt “VABASNPLNN" 18 ! [2022/09/19 10:33.04] [#42] KefteBnEIT. HE
12022/09/19 10:11:03]  [#8] iaEantash | [2022/09/1910:3427)  [35) KeferLEIPsess | ghov
[2022/09/19 10:11:03]  [¥] B8 AIRSMBEMBEURIMES S A | (2022/09/1910:3501] (@) HSEmN g= .

(c) WK HA

(d) R W A wT

6 EHEIRERIRMERE

Fig.6 Operation interface of integrated control software

o PRI SRR Tl AHBLAA 5% 3
0 R FL RS, SR AR U DR IRE R AR
SECFN LA T R 400G J7 45 3 B
FUAER B T AR RS2 PR AR BREL, I
FH AT 58 73 i S T 10 B S B
fE 5 EEALE R C R TR
ar ARG S R AN RIAR
XL E R GO EIE P —E, Bk
PUN GAMERE TR BRANT
PR 1 BB i BT
HEFLSEPR PO AR E N By (X0 ;)
=[hay ey 3105 by (X3, 5), o0, by (X3,
yi) 1, JFaE L 7 i RO AR R AL 1
BS ORI BN Ay (x;, v) =lhy
ey 21y b (s 95,5 00 By (g, ) 1
Hrri=2, i FoRHMEALEGE ;s Ay by,

Ak B

A bR R bRAE

B ek

e

AGeoiate

| AP GEHE | ERmsanr |
7

WKL EREE
| |

v
> IR R M |
v

e
BRI & R SR
SEm+135 N T H ik l??ffg

RGuE

(B R | Rk

7 REIZREE
Fig.7 System process flow chart

20234655665 5 1200] - i BE AR 63



- . .
—— Ix oru

O3 FR G | A FEESL IS AL AR
L BRAL BRI

IR 2. ABGEIFIR IS t AT—
HERIE RN pu (x5 v, SEBRIR I
SN P (x5 3,), =1, n TR AR
ok, PRI B ESL 0 A Ay (g,
y) SHIRIRIL A Po (x5 3,) LT
TE I EA 8 5 By P BRI ST AL
ol h(; 1)(x(,-,1), J’(H))'—ﬁ hy (x;,
W) LRI B, B AR
L E e WALEC S AUECE]
Iy P (X )Ny )P (y WAy (x0)
By (Yo TRVEHTT T, 52 RS i AL
B E Ry (X, p) SEEBRIRIE AL po,
(X0 v, TR T i R B, , P SE
PRIEUEFL O AL B (X yin) 5
hy Cx;, y,) LT A 10 &b, ) by,
S35 e AR AR AR XN Y Bl 5 e
GG hati1yPan (X)~ Ha(i1)Dan 2N
ha(i—l)hai (x>\ ha(i—l)hai (y)o % :‘F 2‘% H:‘
Bl mA% S B, AT 3 DL R AL R

ht(i—l)ptn (x) _ ha(i—l)pan (x)
ht([fl)hti (x) ha([fl)hai (%)

(1)

ht(i—])ptn » _ ha(i—l)pan »
ht(i—l)hti(y) ha(i—l)hai(y)

R 3o FEHEMESL Ay (X,
Vi) by Cxpy y) 6 X Y J7 0] Y
AE BB S SR IEHESL Ay () (x ()
Y hy (xpy p,) 7E XY J7 1) Y
AL bR AE 25 (B Ax (1) Axi Ay ()
Ay, IR H

Ax(i—l) = Xai=1) — Xi(i-1)> Ax, =x,; — X,

AViity = Yaiony = Yoy AV = Vo =y
(2)

IR 4 B ESEBRIR I A pa( x,,
v, ) MXEF RS TR L A5 p (x,, v, ) TE
XY i FRE2E(E R A’ AY,
WS BR R e 5 HS R i A Ak b
FAELL R R

Pu(x,) =P, (x,) + Ax'

Pu (V) =P, (3,)+ A (3)

PR 5. MHEA(1)~(3), 565
IR o (X0 v, ) B A BRAELT £ DA
TS

64 MimEHEEA « 20234 Feots 5 1210]

pan (xn) = ptn(xn)+
X — Xi-n

(p,(x,)— Xiic1) )x Ax, +
(xti - ptﬂ (xﬂ )) x A'x [71))

Pu(,)=p,(y,)+
Vi = Vi

(P, (»,) _yt(i—l))XAyi +
Vi = P (V)X Ayi)

(7) B IRBEE L g BE AT o
FT 3 I A) B FEAS I AR B0
WU T 1 , K i A S PR I s A by 7
(R, A IR IR I T AR R SEBRTR IE
Bk, FEMA BB IE S B La TR
NC 27

(8) A 8hifk e, PLC £zl &5 m)
BLAS AT 3R G0 & 326 Uk BTt w4
MRS, T L ATESRS R 5
J ¥ BRAE TE NC 2 J5 0307 20 2K dig
PATEL B B IRIBOE &, BHEIT R EY
JE U S RS AT A . A AR 2
F PR RE S 1 IR R T 42 )
TZ2BHRRA, S BT .

B, 8 TR ES RN
Vi=s<Ad,, s, Sy i ZE R A
Ad G FENRE SRS o BB BT
it I [E] Sy T, U RT R 2E 1 7 3
EE%] V1:Ad1/( dT1 );d jﬂﬂﬁ%@go

W BR 20 5E SCOR S IR BN
Vymwxdx Ady, Tt w oy I 26 95 1
Ad,hy I AR S, R 2
A S U4 B i It IS 6] S d T, D))
AL g AR AT s sh 2k %
v=Ad,/(dT, ),

PR 3, EBOE RIS TE] T, 25 3
TR R TP ZE BT 5 R i R
HAHSE TR

Vi=V,

[\ sy x vty = [ (wxd v, )T,
(5)
s, ¢ FR IR TR T RS T A
A TE]
SR 4 (R DU ]
Fh L3z 20 I I R Sl I
W AR v =k U k4R LD

dT, =dT,

K5, k>0; v R BALIIZ 3 H
] ARAF B AN A i P A T 25 4% 3l
JERAALEBE R RAT

v wxd

Z - s, xk (6)

JBE 22 ) i s AR & T 2 R Y
TEZH v Ry, ZIHCAR T4 5)
AT, HORN G AT IR TR I PR FR 5
DR e AR A 33 > 1 B v il v, 1R
JELO(E . BRUL, R OCHE T S50
Rz i R 8 o R — Sk

(9) RGMEHE, Hlas NH
SRS RR Y, R G0 ] R Al e
TEFRRAL S5 S B0E T bR e
TR IR Sl A% BB A A R I, RGURE
15 1kis g, A RO 3 RS
TCHREIRT

(10) WIAT: 55 e A E . 2 —
AL AT 55 5E WUR A E 21
FIT A R e AR O 28 58 IR AT
55 ARG f2 R W e A2 PR
(5)~(7), BERIIA RTS8 1

C11) % B ot A 4 FI g, BT
AW AT 55 58 U, X e 2% LA B
AR BRI B SEAT FI B, BOE I ZE
FF8 T2 ER Y 9 8 SR B 1 e/ s
(BTN 5 RAB 53 504 Wanin« Wanax s @onin~
Qo » OGRS JE ARG I 3] 52 J22 1Y B
JBE TS FEE AN 2 Wi S Woot S Wiy I
Aoy S Ao S o, T B, WA g 122 I
S G, RIS Tl LS
NZRGERYABRE, A ERVE N SR ik
FEHEA LRI T S 8UE EARYE
PRI BT i A o

4 ISISIE

BT AR T . KUKA FL
AN JHOCHE AN TV AN AR5
HIEE TR, E 8 iR, N
B EAS SCHT 3 ) B B 3 ig
PLES N R G B0, LUK AIHLALE
BB G, ML A R
I R, TR LK FE 2
70 m, FEH AL 12 ', BB
FHHMI12, B BN 129 glom’, # iR T




Industrial Robot I!km%%)\

TYE R 3~4 mm, EIHLE B
R AR A A PR S FE A L AR AR
J7 (~115.695 mm,2479.857 mm ).
(1274.398 mm, 1243.704 mm ), i 33
AR H P TR U R M AR R T
53 52 B 35 o L AR AR 1A (~124.096
mm,2467.441 mm ).( 1277.909 mm,
1263407 mm ), BHETR BT AL bR E T
X SEBRABPMERAE AN 1 R

FEMEUN SR A E 1E J5 0
WA AT A B IR Pl a3 TR e

BBAS BN £0.5 mm, i 20 TR
(9,

L BIENLES N S U
HLGL R SR i G R, X
(6) A, B T4 R Z A2 BAE
FH5 /N2 R 28 1 0 fie A% ST i
UREMRAN 2 P, AR SCRHIESE
I 5 v BOL A% Nz B B, 4
51 2R 40 mm/s .50 mm/s .60 mm/s.70
mm/s, FL AL 43 518 0.15 mm/s .,
0.2 mm/s.0.25 mm/s.0.3 mm/s,0.35

8 EHRADRBINSRARS

Fig.8 Automatic sealant coating robot system
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Table 1 Theoretical coordinate value and actual coordinate value of gluing trail

W R PSR B AL /mm SEBRUR B AL B /mm
1 (-100.776, 2464.4) (~109.048, 2452.385)
2 (—68.761, 2435.923) (=76.760, 2424.648 )
3 (=36.747, 2407.446) (—44.471, 2396.911 )
4 (-8.562, 2382.369) (-16.044, 2372.486)
5 (19.622, 2357.303) (12.381, 2348.071)
6 (47.806, 2332.226) (40.807, 2323.646)
7 (68.876, 2313.483) (62.057, 2305.389)
8 (189.937, 2294.746) (83.299, 2287.139)
9 (126.175, 2262.499) (119.847, 2255.730)
10 (162.799, 2229.934) (156.785, 2224.011)
11 (193.559, 2202.592) (187.808, 2197.380)
12 (224.416, 2175.199) (218.930, 2170.698 )
13 (255.313, 2147.768) (250.091, 2143.980)
14 (286.324, 2120.243) (281.368, 2117.171)
15 (317.121, 2092.906) (312.430, 2090.544)
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Table 2
ot m%f)\iéiﬂjiﬁ{h/ %MEF%/
mm * s (mm - s
1 40 0.15
2 40 0.2
3 40 0.25
4 40 0.3
5 40 0.35
6 50 0.15
7 50 0.2
8 50 0.25
9 50 0.3
10 50 0.35
11 60 0.15
12 60 0.2
13 60 0.25
14 60 0.3
15 60 0.35
16 70 0.15
17 70 0.2
18 70 0.25
19 70 0.3
20 70 0.35
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Fig.11 Factor influence trend chart
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2 BRRIZBHETRBERFITE
Orthogonal test results of gluing technology parameters
| (kﬂ&%’} 52 Yﬁ(ﬂi WIWE | HARESE | ES Yﬁ(ﬂi JR SR TERE
FLHE/m! F B /m FLHE/mm FLE/mm F B /m SFEE/mm

13.8 13.8 13.7 14.2 14.1 13.92
16.4 16.7 16.5 16.1 16.5 16.44
18.1 18.3 18.4 18.5 18.0 18.26
19.3 19.4 19.2 19.4 19.7 19.40
20.9 20.5 20.5 21 21.2 20.82
13.0 12.8 13.2 13.2 13.1 13.06
14.8 14.4 14.6 14.6 14.8 14.64
16.5 16.5 16.8 16.3 16.4 16.5
17.7 17.2 18.2 17.4 17.7 17.64
19.1 19.5 19.6 18.6 19.5 19.26
11.2 11.2 11.7 11.3 11.4 11.36
13.1 13.4 13.5 13.4 13 13.28
14.8 14.4 14.6 14.3 14.2 14.46
16.3 16.2 16 15.8 16.3 16.12
17.8 17.6 17.8 17.3 17.7 17.64
8.4 8.5 8.1 8.5 8.6 8.42
10.6 10.7 10.2 10.0 10.6 10.42
13.2 13.0 13.4 13.4 13.4 13.28
14.7 14.4 14.9 14.9 14.5 14.68
16.2 16.6 16.3 16.6 16.6 16.46
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Research on Automatic Sealant Coating Robot System for

Aircraft Large Components

LEI Pei"’, XIA Fengqin"’, SUN Hailong"?, CHEN Qiang"’, GU Liping"’, WEI Yabin"’
(1. AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China;

2. Sichuan Aviation Intelligent Manufacturing Equipment Engineering Technology Research Center,

[ABSTRACT]

Chengdu 610092, China)

Aiming at the problems of poor consistency, low efficiency, limited accessibility and poor working

environment in manual operation mode during the gluing process of aircraft large components, the automatic gluing system

for gantry hanging robot was designed. Through the calibration of the vision system and the correction of the theoretical

gluing trajectory, the gluing system evaluates the affecting factors of the gluing technology parameters, obtains the

matching relationship between the robot running speed and the motor speed, and constructed multifunctional end-effector

integrating industrial cameras, laser contour scanners and other equipment. At the same time, an integrated control system

and software are developed to realize the automatic coating of sealant with high efficiency and quality for large size aircraft

components. The test results show that the accuracy of the gluing track is £0.5 mm, and the accuracy of the rubber strip is

+0.5 mm, which can fully meet the actual process requirements.

Keywords: Industrial robot; Automatic coating; Multifunctional end-effector; Datum identification; Integrated control
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