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Automatic Drilling and Riveting Process Parameter Optimization Method Based on
BP Neural Network and Multi-Objective Particle Swarm Optimization Algorithm

LI Chao, WANG Zhongqi, CHANG Zhengping, MA Jianzhi
(Northwestern Polytechnical University, Xi’ an 710072, China)

[ABSTRACT] Interference connection is widely used in automatic drilling and riveting of aircraft panel. The coordinated
control of the degree of uniformity of interference and panel deformation is an urgent problem to be solved. In this paper,
an optimization method based on BP neural network (BPNN) is proposed. Taking the riveting force, riveting process time,
riveting retention time and clamping force as variables, and taking the simulation data as samples, the prediction model of
interference uniformity and wall deformation was established by using BP neural network. Multi-objective particle swarm
optimization (MOPSO) algorithm was used for multi-objective optimization. The simulation and experimental results
show that the optimized parameters can significantly improve the uniformity of interference and effectively reduce the
deformation degree of plate.
Keywords: Automatic drilling and riveting; Numerical simulation; Process parameter optimization; BP neural network
(BPNN); Multi-objective particle swarm optimization (MOPSO) algorithm
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Fig.1 Sectional view of riveting geometry model (mm)
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Table 1 Material parameters

PR | SRR E/GPa | IHMALLY | B/ (kg m”)
2A12 71.7 0.35 2660
2A10 73.8 0.33 2770
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Table 2 Simulation and test data

Kgdebs | PR /% | BEkEA /mm | BELRE /mm
IRIE 2.803 5.398 1.476
P B 2.784 5.423 1.437
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Fig.5 Schematic diagram of data measurement position
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Fig.6 Flow chart of neural network model
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Table 3 Input parameter value range

WUH | R8T A7 I Ty B | TEEIEERE] CF | SIS REIIE] D/

Bleil N MPa s s
F/ME | 12000 3.17 0.075 0.025
Al | 14500 5.18 0.15 0.1
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Fig.7 Measurement node site
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Table 4 Sample data
45 | EEINA/N | %S B/MPa FEHII R E] C/s | ESMS IR D/s TSR ECY | BERIAIERRE M

1 14037 4.799 0.087 0.033 0.7438 0.030318
2 14265 4358 0.135 0.097 0.6598 0.035

3 12317 3.874 0.098 0.025 0.695 0.02916
4 14284 4.150 0.115 0.083 0.655 0.03109
5 13581 3.938 0.087 0.086 0.6568 0.03081
6 12243 3.315 0.120 0.090 0.7218 0.03093
7 12696 3.628 0.095 0.0310 0.6989 0.02867
8 13367 3.406 0.124 0.055 0.6965 0.0317
9 14394 3.521 0.127 0.045 0.6647 0.03427
10 14413 3.628 0.131 0.085 0.6699 0.03824
11 12394 3.967 0.109 0.057 0.7157 0.03072
12 14427 3.265 0.081 0.093 0.6351 0.031189
13 14393 4.894 0.092 0.039 0.64998 0.0306
14 13213 4.975 0.144 0.045 0.6878 0.03258
15 14001 4.108 0.086 0.036 0.6541 0.03011
16 12354 4.105 0.137 0.035 0.7001 0.03128
17 13054 3.815 0.115 0.090 0.6432 0.03255
18 14290 4.889 0.150 0.069 0.6534 0.03619
19 13981 3.875 0.081 0.066 0.6416 0.030056
20 14399 3.382 0.108 0.036 0.65199 0.031367
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0.8
. g ==-=---===%
(_/-—%* =X
0.6
0.4
st CVELSE  —— CVFRIIE
02f cowe- MELSH —e— M TRIE
0 T L L b *
1 15 2 25 3 35 4 45 5
TAEA

9 EHESTNELE

Fig.9 Comparison of output value and predicted value



‘—‘? »
RESEARCH Elt%te

»

X

12000<A<14500
3.17<B<5.08
0.075<C<0.15
0.025<D<0.1
33 S ERNFEMRL
Z Hbrki R AL L JE T Sk i —F A
55 IR KGR = MRS AR A DR AR 58 )
AT ILAR R RSB0 E R - iR HIREL 300 5 i
205 2 0.9 RiFHE 0.9; BT 0.9 &K
R 0.1; B RARWEEAIREL S5 §i19R%8 0.001; HARZeE
A& 0.0001, SRS FEAA 12 PR,

(5)

RG]

ST
A BRI

'
BRI S
v

R ACK I 5
Tt

Fri
Y
B0 REA SR AT Ik
v
|&§Wﬁﬁ%§ﬁ}——
v
Rz
v
W%

T R A N

Y
TR I PR AL

|

|&Eﬁ?ﬁ%&§ﬁ

2 kA1

B 10 #HEME - RFERARE

Fig.10 Neural network—particle swarm optimization process

1 1
0 10 20 30
effect on CV/%

(a) FTHLIZHK

1
0 2 4 6 8 10 12 14 16
effect on M/%

(b) BAFEIAA
11 NS E 6 R AR

Fig.11 Influence of input parameters on response variables

dj |||||| |r|| I||

[, )
it

.| ...“"nui
| | ! ”|’ Il

0 200 400 600
FRUEL
(a) CVIILid iz

J
0 200 400 600
S

(b) MILiLH
12 SR
Fig.12 Optimization process

20214E 55645 5523 /7241] - iathlEE A 99



,—‘i. N »
Eltjl‘lﬁx RESEARCH

. . PR UK 48 1) 0 2 O IR AT R M ol 8 Ak B O e
4 IRIEIE AT A g T T O O 2R AT O 22 43 B A i 45 3
FHF GEMCOR G86 ! F shi Bl ik 4% , 43 Ml B AR

AT S5 JE S B TS, s/ NViR 22, B S
R T 5 ORANAL . OETE UL AT iR
SESECH - 5T EAR 3.5mm ; FETR)E Tmm ; L E
2 3.6mm; FARJEE 1.5mm; FHUEE 1.2mm; Uk
BE 1mm ; JUL AR 1000, 1] 13 F1 14 40 5180 B
BIBVET ALY B 2% I AS A 15 iR,

T 28 = 4 BOE R T 0 AR T B
L T B S SR 16 BRI S R R
BB 5 WP R T 15 B Geomagic FX A4 X

13 UkHET
Fig.13 Countersunk head rivet

14 #ZE02HgE
Fig.14 Wire cutting equipment

SEMERTY SO0AL S A4S R L L3 5, D s DL
FOMT, GPRELMASETH CV M MEHL
SEUERIAL /N, BNZALAL J7 1245 3 50 2 Bl & A 1Y
TR SR R RRE AR 1) AE I R R I A T s, A
LERARL

5 4ig
(1S, T—F “fh HAEAR — TssR] — Bykiiie”
(% FARIEAL T2, R E BB T 2S8Rt 7 —

(a) #HES; (b) M7

(c) UIEIE R E
15 HIWER

Fig.15 Experimental results

(a) P TH

(b) A ER A

E16 METE5#HS
Fig.16 Measuring tools and targets

x5 BEEBSMRULERIIE

Table S Comparison of baseline model and optimization results

| R I
OB | RSV AN | SR BMPa | ESILERE Cs | RSERIRFI DS | TWRMMARECY | BERMAILRE M
BLER | 14037 | 4.799 | 0.087 | 0.033 | 0.7438 | 0.03032
AR | 14463 | 4746 | 0.143 | 0.026 | 0.6584 | 0.02576
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Table 6 Measured data of benchmark model

B2zl 14l 24 341 a4 5554
X, 0.01 0.02 0.01 0.01 0.01
X, 0.02 0.03 0.02 0.02 0.02
X, 0.07 0.08 0.13 0.09 0.14
X, 0.11 0.17 0.19 0.16 0.17
X; 0.15 0.19 0.22 0.18 0.23
cv 0.732 0.717 0.754 0.757 0.754
Y, 0.471 0.0458 0.0445 0.0497 0.0461

Y, 0.288 0.0294 0.0291 0.0305 0.0294
Y, 0.282 0.0232 0.0333 0.0234 0.0213
Y, 0.234 0.0231 0.0237 0.0193 0.0235
Y, 0.171 0.0194 0.0192 0.0182 0.0196
M 0.0306 0.0297 0.0312 0.0305 0.0296

®7 MUABEBRNELEE

Table 7 Measurement data of optimization model

AT 14 S22 %5341 44 5554
X, 0.01 0.01 0.01 0.02 0.02
X, 0.07 0.06 0.08 0.09 0.07
X, 0.10 0.09 0.12 0.09 0.08
X, 0.12 0.16 0.13 0.16 0.20
X, 0.23 0.19 0.25 0.25 0.22
cv 0.682 0.643 0.664 0.638 0.665

Y, 0.387 0.0373 0.0455 0.0472 0.0439
Y, 0.311 0.0288 0.0293 0.0276 0.0299
Y, 0.164 0.0177 0.0171 0.0178 0.0167
Y, 0.145 0.0140 0.0146 0.0146 0.0148
Y 0.115 0.0112 0.0122 0.0122 0.0117
M 0.0248 0.0239 0.0267 0.0271 0.0263
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