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A Normal Correction Technology Suitable for Automatic Drilling of
Aircraft Panels

LUO Qun', LI Huanqz'ng‘ , ZHANG Yzfan2 , XUE Hong"', LIU Peng’
(1. AVIC Xi’an Aircraft Industry Group Company Ltd. , Xi’an 710089, China; 2. School of Mechanical Engineering,
Zhejiang University, Hangzhou 310027, China)

Abstract: The position and normal accuracy of the automatic drilling in aircraft assembly will directly affect
the quality of the final product. The process of automatic drilling is designed based on the aircraft’s digital
model. However, in the assembly shop-floor, under the influence of superimposed multi-source assembly
deviation, the physical shapes of large flexible structural parts like wing panels will inevitably deviate from the
theoretical model. Therefore, the position and normal directions of connecting holes need to be corrected. In
order to reduce the normal deviation and improve the drilling efficiency, we propose a normal correction
technology based on interpolation of reference holes considering the structural characteristics of panel skins of
large aircraft. The actual normal direction of each reference hole is calculated by the measurement values of
laser displacement sensors, and the position deviations of the reference holes are obtained in conjunction with
the visual measurement system. Based on the information of reference holes, the normal correction of the
remaining holes is realized by using an interpolation algorithm. The test results show that the proposed
correction technology can achieve normal accuracy within 0.3°, and the drilling efficiency can be improved by
about 25% compared with the traditional correction technology.

Key words: aircraft assembly; aircraft panels; automatic drilling; surface interpolation; normal correction
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Fig.1 Automatic drilling system of aircraft panels
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Fig.2 End effector with multifunction integrated
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Fig.3 Overall manufacturing process

= YRR T B R R AR G L N T LA S
P R R Y LRl A X T4 2 i TR
7 AT LB A 10z 3 A 0 B, BN & R T LR
A B 22 42 TG Al 48 1) AR T B A R A g A R et
1T)e B,

e AR R < S LR I T BT AR LI T
TR T2/, 75 BRI A b A B A AT A U, A A
TAETE IRV & B AT, 32 SEA0 45 1k ) I & A4 SRR AL
P A B ) B 2R A U

BEE AL 5 5k ) 4 A A A S8 I R G
XF 2 2% AL S bR A B AT I A S AR IS AL S
B o7 B 5 e A7 B Y I 22 5 (8], T 2R o Y ik
Tia) ez 000 B 76 6 2 2 L Y S B vk 1) i AT 0 A 4R R
2 2% AL bRk n) 5 3 T I EFLAE B 58 B Lk
BEGIEIEN

LB E ARG 2 2% L S Bn A B i 2%, 38 3 —
FE SN 2 2 L 55 0 T AL AT A B IR
SIS ALY 1R 25 (A5 FL A1 R 2 B 10K

YT T DU 0 X G2 (6] Fh bt ok 0 3 U0 ik
B x4l Y T, 500 ) B B A
JE IR BE S5 N T 288

il FL A - A R LB SR 4 58 U L X BE A
A v AL AT AL OT s o
1.2.2 #3Lie LAt

AT B LB AL R By i AR An 1B 4 TR o
il L5 £ e AT N AR Ty 2 G, ITAR K iz 3l 31
A FLASE &, 2k T 3R LA RN 48 TE AR T X S PR
il LA B RE ) AT IE 5 9K J5 o TR A e o R S RE
i, LA B Jrg 38 J2% ) T 2 0 i e i L ok 72 v i AR



376 [ S R /| R NS = =

i 53 3%

N
8- 3=

23

K4 FALin Tzl
Fig.4 Drilling process of a single hole

l

.

s 20 T EL PRk 45 B 0 T AR T — o B, X )
FLIE 55 v H03E W S5 AT T HLDVE 45 T 4 R
I R 20 B B AU U0 T8, N T 58 i b
BB EFH L, AV R R B, R
FRfL R M S kD) JE 228 1 B iR LA
SERUIN T, B e R 7 B 2R R I, SRS AT
TR TAE, EE Lk . YA L
SERUIN T, WPk [ B Akl LI & BT B % e E
SN TG

2 EXHETEERAEEEEIE

IR B AT o 45 48 B4 i S D00 B8y 4SO 17
o e I 2 AL R, A 5 I 9 925 1) 4G I B4 58 AT LA AfG o
I A L F AAS A5 B 7 B T 3k 2 AU R AL
Jil 68 JRp 0 T, AT A 30 32 T L SE B 83k 1 O
] o A 12 o] 3B R O 22 B O 4 08 1O 225 (8, WU e 52
PR 8 IE R SR AT 45 2825, SR 5 HEAT LBV,

BT WOL AL RS A2 I8 AR B9TE 048 1R J5 A7 AR W
AR ER, R, ) FL S e R e KL A L A
AT N AL BEA T B B IR IE 1™ E R e ] L
LR RO U, T HL3EBE A S AT XU 3R 3% 4
R AR M A R R L O RARE B A B I T
FRFL A, 368 725 1] 468 X 0 o) RO ARE AL A [, [
X T EE UL IS AL TEOG AL RS A AR A il T A

St IOk, I SR .

BRI e R

L : : ,

I ﬁi £ . .;’ o
o BT

PS5kl LE R

Fig.5 Description of normal correction problem
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Table 1 Normal detection data for holes of 6 mm diameter

ETRe) BALRI /() HiAMEIE/() %> Z AL /() FAMEIE/()
1 90.19 90.11 16 90.13 90.12
2 90.17 90.13 17 90.14 90.15
3 90.24 90.13 18 90.22 90.06
4 90.15 90.15 19 90.13 90.20
5 90.10 90.18 20 90.13 90.24
6 90.13 90.11 21 90.16 90.10
7 90.08 90.12 22 90.17 90.14
8 90.16 90.10 23 90.15 90.06
9 90.20 90.27 24 90.13 90.11
10 90.08 90.11 25 90.29 90.10
11 90.11 90.15 26 90.19 90.06
12 90.24 90.16 27 90.16 90.22
13 90.15 90.13 28 90.18 90.11
14 90.09 90.08 29 90.22 90.16
15 90.14 90.10 30 90.13 90.06

*2 EHEZESmmILEEBERNETE
Table 2 Normal detection data for holes of 8 mm diameter

% Z AL /() AMEIE/() % Z AL /() FAMEIE/()
1 90.14 90.11 16 90.12 90.12
2 90.22 90.23 17 90.25 90.24
3 90.13 90.16 18 90.14 90.15
4 90.25 90.17 19 90.24 90.16
5 90.21 90.12 20 90.16 90.17
6 90.22 90.13 21 90.25 90.12
7 90.23 90.12 22 90.11 90.11
8 90.08 90.14 23 90.23 90.10
9 90.17 90.22 24 90.18 90.23
10 90.15 90.15 25 90.16 90.08
11 90.26 90.12 26 90.27 90.12
12 90.12 90.16 27 90.16 90.25
13 90.23 90.21 28 90.15 90.14
14 90.13 90.16 29 90.12 90.11
15 90.20 90.17 30 90.24 90.14
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