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Fig.3 Off-line programming framework of robotic painting



PLES ABIAR

ROBOT TECHNOLOGY

PG R T RALA R R
IR E B R X LIRS A 152 5, B Uk A
bR ML RE A7 RN A A
i, LU RHLR O B iR sS 5%
EL LR TE R G, SR BT LA
BIE . TS b & DAY R RS I 24
A BOEIREAYL . iGPS 25, {H H AT
SeHE R EENLBIR REHER T A B
M E R E, AREIR R GEXT M I i
A B, kI e A R Ak
T, $e e A A SRR B, 46 R
FERER ] B OE 0 RGBT
PTFI EE BR A E 4, i i =)
FEHE OGN AR CCD HPLAE,
BRI B AR E A A S PR
S E N (I E I N 2 (A (BN
G sitng , HUBROR S 32 64 5%
FRgma , XA EL R A

W W) 22 1 R A L AE LA AR
sty , A — AL I8 ) B 2 A A
S DT T 2 e A 5 2
KR GERAS A 80720, HAR RN
HUBRE S el £, R LS Niz 3)
ST RRAFI AR S O
5 TZHEE#E

EEIIRESHIENS SS9 1y
AL 2 MR LA R A
TR R AT, P A SRR
fAi B, B TR, BOR f, 18 I 1o
TN TIZ R T A AR
B EE R 3 RE I R
HEBHZ A MG , A PR LT
T B R E AL AR R R S R
U8 AP RS PR A 2
HEVRBEEFE R Rk i % N4 ] 45 g
BE; WML RETENL AN AR U, S TRk
B S5 AL AR O A THILAA

T %R L, SRR
KURBHGAE, i E AR R
B, Xk 5 g BEARBEAE H 2%
HE, & EARARRERE T2 1%
T — EH A REMWIIR AR ) AR
e MTZ Uik b, PR E R m
Fis & RS, DL Rk
D RV AR T AR A

A

RRIER
[ T BIL G ik 28 0 1) R D e
AL BEALBER BT T L+
RS T ERAYHE R (BEAR K
DR TC LSRRG, AT W R R GE e
URALRE FRAEIE 22 At T 30 R 1
WARNME LA A ] Rk
HUETR 2 0 o B8 A Jie 0 S B il
RERA LSS -
1 ERERENIWE
T RHLES M IR ER A, LY
6 FI B2 Tl HLas AN A I Gk 2
MR AL ARG 2K, 3K R AR X &
AP ARPRBER PLAS AR 2
HAHGER AU, DN A X BT R
MTEFRIEFTRAM A BES|
AL BB T B, T4
A BT AT UL A HATE R
9 A 2 ) | R 1 B gy, TR A G
T T B RE 1 I SR PR LB 76 K 2R
AR RN B O 24
2 EEEENRERS
LGRS TR HOR BLE 22
PR D 1 I 1B 7 A B I
FTARR, (HEUA B9 B2 e R 50D
i 2 R I AHILARAE I R M o i
ettt asshif 5 g R
TEAFERAT, PRUHAEXS T2 RA T i)
Seh R AR R B AN BT
b T, TS e
SFIRTEARGE K, I A S, R
iy Ak

A

J s AR R N B A SR [ 3
%, AR BT W] .
3 MREMSIHENE

MW BRI A E
FHRE 57 8 48 2 8 W] i/ KL I of
R B R T4 A re e E] . (H
A TERZIRE ST B GL 1]
VA, #FREAE T T Fe 0 % e ] &
FapPE RN 22 30 A ] RO A
BRI i HIE R RE AR S A S
o T3, BB HE S8 e R
ZUIRe TR, ANMET R RS A ™
R H AT AR T2 ) AR T4
4 FIZHEMESR

T ARAT R A A e, T
FAeHAT K& R E B AR
X — S FEAMEFRE 5% KA B A a] , iy HL
LR R R 1Y S B2 0, PR G TR
ATFF ML ANBETR T4 iE e, F
KA T Zad B, St
W T ESHRER LA, X TR e
URAEL B AR T R IR AL Y
FRUEL AR AL R B R e
FI4E T8 Lo TEMRSERS I, BA mE
R EIREHR G MR L)
Ko FoBE EVE PRBE ISR R A
SR IERE S iR 4 w2 (il
BEAR, CHL L AFEAR 2K e 25 iy
FRGEAR MTHT , PRI S DX ) T A 3
ST B T TS R
RGN
5 SINRERIHHITES
mE 4 s, N TSR E&E,

JE b3

4 R S8 AR

Fig.4 Feasibility of complete robotic coating process

2016 4E 55 16 W] - Rt blEEEA 79



PLESABAR

ROBOT TECHNOLOGY

AL T AR B i Ab 2 iR
G Ab 3 3 A 2R G TS
THEL PR TR T R BN
TR, BER AR R
7 B T A s FIAERT FL e 10% A2 47,
PR I M 0 ML A I 9 AN B Jmy B T g
TRAEE BB NBARF N H 213
AR FE R A IRY , A BEAT R4
FEAE RIS ], P2 ARk
o NI H AN 5 1 K& KT
B FTES I R AN
A AR AR mT BEPE

T S et AR T R AR Nk
REAS PRH B 40 Sk s L A
THUEREE A AL T
) Z Dy RE AR i tAT 25 A B T IR1EHL
NIRRT RN

HRIE

SV MR IR E] T Pl g A
HLBER B (R S, AR AR B b ik
11 T TR & H i T R Gk
JRRE RN ZRBE Lo, LA 058 LU
R, ERARGEART M L, BT
o i ) 1 2R A, A R RO IR I
A B ATE TR, B K R
PR BA KR E Tl WL A
K A 28 R A T R A
— AT AR IE (R R R SN Y
A7, B A Bl AR S e R A A
i oMb e B R R A SRR, AL
MR BRI A4 2 U H%LL_%/F ,

T ST il i ST A A 2 —
JiE 2 X AT G A R RA R E RO
s B As ANBAR R £ R

& £ 3 w

[1] SEEGMILLER N A, BAILIFF ] A,
FRANKS R K. Precision robotic coating application
and thickness control optimization for F-35 final
finishes[J]. Sae International Journal of Aerospace,
2009, 2(1):284-290.

[2] DAN H W, WIEDMANN S L
SOLOMON D P. A large-scale robotic system
for depainting advanced fighter aircraft[J].
SAE International Journal of Aerospace, 2011,
4(2):1125-1132.

(3] Bl , #EHZE , siliy | % e

BTG RGO [J]. HUBRI 513 2009(11):
1-3.

CHEN Yan, SHAO Junyi, ZHANG
Chuangqing, et al. Complex pipeline coating system
development|J]. Machinery Design & Manufacture,
2009(11): 1-3.

[4] BZESL, EM, sk, 5. RHURHE
A ShmEbR R LE ). HliE )l A sk, 2013, 35(2):
153-156.

ZHAO Hongjian, WANG Gang, ZHANG Bo,
et al. The wings of the aircraft automatic spraying
system[J]. Manufacturing Automation, 2013, 35(2):
153-156.

(5] EWINE, PR R0, 55 i kHL
RIBR A2 R UCAE TIPS (1] Az 4R
2013, 34(4):928-935.

WANG Chaohui, CHEN Ken, WU Liao, et al.
Multi-level control program structure for aircraft
surface spray[J]. Acta Aeronautica et Astronautica
Sinica, 2013, 34(4):928-935.

[6] 2w, FEG, =W, 5. Adh

TR SR AL AL AL 5k (). YRR
2R (A SRBIF) , 2013, 53(10):1418-1423.

MIU Dongjing, WANG Guolei, WU Liao, et
al. Trajectory planning for freeform surface uniform
spraying[J]. Journal of Tsinghua University(Science
and Technology), 2013, 53(10):1418-1423.

(7] REW Wi B KB
TR A S LS S R ()] A A
2016(10):52-56.

SONG Yuanceng, CHEN Jie, MAO Jing.
Discussion and prospects of trunk aircraft exterior
automatic painting for large civil aircraft[J].
Aeronautical Manufacturing Technology,
2016(10):52-56.

(8] B, BRHZE , sALi | 45 . Rl
F N H SRR BT e S e (). B
P53 | 2010, 2(2):149-151.

CHEN Yan , SHAO Junyi , ZHANG
Chuanqing, et al. Developments and prospects
of research on automatic trajectory planning for
painting robot[J]. Machinery Design & Manufacture,
2010, 2(2):149-151.

[9] Bt . 2. dEER TR AL A
BB HERDITE [D]. K - KR, 2011

LU Shizeng. Research on design and key
issues for paint robot with hollow non-spherical
wrist[D]. Tianjin: Tianjin University, 2011.

[10] #4% . %T%WIWH’J%I{’E =[]
WERHLEE AN 5404 (D). dbat - dbnisgiak
%,2012.

YANG Yang. The design and analysis of

one huge work space spray painting robot used for

special workpiece[D]. Beijing: Beijing Jiaotong
University, 2012.

[11] SHENG W, CHEN H, XI N, et al. Tool
path planning for compound surfaces in spray forming
processes|[J]. IEEE Transactions on Automation

Science and Engineering, 2005, 2(3): 240-249.

Review and Prospects of Robotic Aircraft Painting System

WANG Guolei', WANG Ningtao’, GHEN Ken'
(1. Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China;
2. AVIC Chengdu Aircraft Design & Research Institute, Chengdu 610091, China)

[ABSTRACT] There are only a few enterprises have requirements and really master aircraft robotic painting technologies

until now, because of high technical complexity and huge investment caused by large size, large weight and special process

demand of aircraft. In this paper, the representative systems in the world at present are reviewed firstly, then the essential

and key technologies of developing aircraft robotic painting system are concluded, finally the future technology developing

trends are briefly analyzed.

Keywords: Aircraft; Robot; Painting
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