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Tab.1 Mechanical property parameter

PERESHL 6061-T6 CFRP B Fh ) ET5429
P M AR 1/ MPa 70000 50500 1000
JE 4 7R P i/ MPa — 33200 —
5943/ MPa — — 18~22
Jii IR 3R B / M Pa =240 — —
HUHLIE E/ MPa =290 =746 —
YUE R/ MPa — =337.5 —
SEAR/ % =9 — —

CFRP 5 6061-T6 Ik 5Hm9 JUT R SH A0 & 1 Ffzs  Here LR35 32 98 B8 OB 3548358 00 0 I e
X3, A CFRP, FAHCH 6061-T6, AR#EL 5 AR iR HIET K E N 6mm. BLH N E N
9. 2mm, BB K 2mm, BT 5 ML R AN A 2 fFR .

.2 AR

Fop sk i 2g v el T2 S 8w 43k T 5 OB BAT LB B e R s A N, T S
B TR OAT KB CHIET R A T BE R AR R AR R S T A P L IR B B R
. ARSCHEBUINE IR Ty HE B SEE L CERP AR TR R4 Al 2 1T RS 52 VR S AF S8 6 42, B i B L 1Y)
RIEJI R 400MPa, e KATFEN 40mm, 7E 6l 5 a8 57 2 CFRP AR A80ER 1847 15 Ak 24, B B b4 2 1 {7
P12 A BT A EAS R S A AR R L (D ARH T e B S TR SR R L AR AR A
T Uk 28 TS 35 R 35T, O R[] B S0 40T B L AR AT AS [R) 1 2 T KRS B . 8 e 20 390 35 50 U R A 48 Al
-5 CFRP J2 A M7 78 AR5 76 A s BB bl b B iR BEAT B4 . S WF 5% T2 S 500 I 90 42 3k
JIE PR 5 0, 900 25 Sk 5 B L BETHIR 86 1F 8K R A2 2 FR L IEASIR I 3L 16 4 RE4L b 4T 10 R & 1k
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Fig. 1 Schematic diagram of geometrical dimensions of riveting-bonded joint sample
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Fig. 2 Rivet and die geometry dimensions (unit: mm)
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Tab. 2 Orthogonal table of rive ting-bonded joint experiment

K%
K A A
BRI /MPa #5498 /mm CFRP MRJSE/mm 22T HLBE B/ pm
1 170 30 1.08 0. 202
2 180 35 1.35 1.463
3 190 10 1.62 1.003
4 200 45 1.89 0. 706
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IEAEA RN 3 Frn A A 16 41, Jy i B HL 1R 22 , A A 10 kB A Ml . 4k
RRPLYTT) Fon ABE R OIE E B 10 U 6 1P 21
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12 20 4 3k 9 2R R0 5 I J28 5 T 2R 0, T 1RT 3 (o il 7s 5 JH A L MG )22 2 A0 X2 AL T 2 BRI N 3R 2R 380
A RN 3(D IR . T A IR A, R 2 BRI Sk D9 BT i B A B = e AR R 2k
RO AR
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Tab. 3 Orthogonal experiment scheme and results

WRAS  BMETE RS CRRPR RERE /’3
1 1 1 1 1 6.238 14. 442
2 1 2 2 2 10. 274 56. 558
3 1 3 3 3 10. 311 58. 793
4 1 4 4 4 10. 694 68. 322
5 2 1 2 3 9. 855 45. 882
6 2 2 1 4 10. 024 51. 139
7 2 3 4 1 7.150 15. 299
8 2 4 3 2 10. 358 63. 860
9 3 1 3 4 10. 292 55. 707
10 3 2 4 3 10. 818 74. 399
11 3 3 1 2 9.594 55. 431
12 3 4 2 1 8.023 22.077
13 4 1 4 2 10. 580 63.402
14 4 2 3 1 7.530 39. 961
15 4 3 2 4 10. 497 63. 265
16 4 4 1 3 10. 448 68. 738

e
P03 2% 2H IR TR 2R B
Fig. 3 Typical failure modes of each group of samples
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Tab. 4 Characteristic analysis of principal components

By FEAEAE 7 22 BTHK AR E
1 1. 6619 0.831 0.831
2 0. 3381 0. 169 1. 000

T AR B AR A4S T A SRS e Sk s B OCIRARR JEE L DL RR R T A S A G L is R 22 53 BT k)
IR A SCHR BE AT A3 BT, A3 BT 45 R AN 3R 5 o o W22 43 B AT LA 00 S T 45 ol R 3R 6T R G 1 5 T R JRE RN
e 22 (RAED R 5 0k 2 . N3 5 7T RAASHH 4% b 1220 2 B5O0T e #9082 3k 1 B 56 B 170 5% i 3, LT
R AL B> CFRP A J5E = #5425 58 B = 8045 He sl , A3 A 36 vl 45 AR 00 5008 19 S 80 & BI04 o
N 200MPa #8582 K JE N 45mm ,CFRP MR K 1. 89mm F1 LA K 87 A 2 1 HLAS &2 0 1. 003 pum,
5 IRAL I 25 50 HT

Tab.5 Grey correlation range analysis

7K
=
WIPETESR/MPa 4542508 /mm  CFRP HUE/mm  F MBS E/ pm

Ik 1 0.716 0. 680 0.676 0.427

IKF- 2 0.713 0. 750 0.724 0.811

IKF- 3 0.752 0.712 0.749 0.878

IKF 4 0.791 0. 834 0.823 0. 856
W2z (RAED 0.078 0.079 0.147 0.451
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Fig. 4 Schematic diagram of BP neural network
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Fig.5 Flow chart of GA-BP neural network model
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Fig. 6 Plot of convergence of mean square error of GA-BP neural network model
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Fig. 7 Multiple regression analysis results
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Fig. 8 GA-BP neural network model prediction output and error
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Analysis and prediction of influence of process parameters
on strength of CFRP/6061-T6 adhesive riveting joint

GUO Yatao, XU Sha, XING Yanfeng, BIAN Hailing, LU Yao

(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: An orthogonal experimental design was used to study the influence of process parameters on
the strength of carbon fiber reinforced polymer (CFRP) and aluminum alloy 6061-T6 riveting-bonded
joints. The failure load of the rubber riveting head was taken as the target quantity, and the riveting
pressure. CFRP plate thickness, lap width and aluminum plate surface treatment were taken as the
four factors affecting the target quantity. A multi-objective analysis of the four process parameters of
the CFRP/6061-T6 riveting-bonded joints was conducted using gray correlation combined with
principal component analysis. On this basis, the BP neural network (GA-BP) optimized by genetic
algorithm was used to establish the prediction model of process parameters and joint strength. The
results show that the surface treatment of aluminum alloy has the greatest effect on the joint strength,
followed by the thickness of CFRP plate, then the lap width, and the riveting pressure is the least.
The prediction results of GA-BP neural network model are close to the experimental results and the
fitting degree is high. Therefore, GA-BP neural network model can effectively predict the strength of
CFRP/6061-T6 riveting-bonded joint.

Keywords: carbon fiber reinforced polymer; riveting-bonded joint; orthogonal experiment; gray level

correlation analysis; GA-BP neural network model



