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Optimization on installation process parameters for blind rivet based on
genetic algorithm

He Biao, Mo Ningning, Feng Zhiguo
(College of Mechanical Engineering, Guizhou University, Guiyang 550025, China)

Abstract: In order to improve the forming quality of TA1 titanium alloy thin-walled rivet bulge, the installation process parameters of
blind rivets were optimized by response surface method and genetic algorithm algorithms, and the influences of interlayer thickness H, core
rod stroke S, interlayer aperture D and core rod speed V on bulge diameter L and core rod tensile force F' were analyzed by Box-Behnken
design method. Then, the regression models were established to predict the bulge diameter L and the core rod tensile force F were ana-
lyzed. Furthermore, the compression parameters of TA1 titanium alloy thin-walled rivet bulge were optimized by genetic algorithm with the
optimization goal of minimizing the core rod tensile force, while ensuring that the bulge diameter was not less than 6 mm. The results show
that the interlayer thickness H has the most significant effect on the bugle diameter L, followed by the core rod stroke S and the interlayer
aperture D, while the core rod speed V is not significant. The four factors have the significant influences on the core rod tensile force F.
The optimal parameters of H=4 mm, $=2.9 mm, D=4.22 mm, and V=5 mm - s' for the forming quality of TA1 titanium alloy thin-
walled rivet bulge are obtained. The numerical simulation results obtained by DEFORM-3D also confirm that the optimized process param-
eters combination ensures the bulging quality.
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Fig. 1 ~Schematic diagram of TA1 titanium alloy blind rivet

(a) Installation
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Table 1 Chemical compositions of TA1 titanium alloy

( %, mass fraction)
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BA.1 K

0.25 0.1 0.03 0.015 0.2
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Fig. 2 Hardness testing device (a) and hardness distribution (b) of localized induction annealed rivet
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Fig. 3 Schematic diagram of sandwich part
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Fig. 4 Finite element model of thin-walled sleeve
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Table 2 Factors and levels of Box-Behnken experiment

% e

Je ) ZEE H/mm 4.5, 6

WFATRE S/mm 2.9, 3.0, 3.1

Je 242 D/mm @4, 14, D421, D4.28

AP V/(mm - s7h) 5,10, 15
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Table 3 Design schemes and results of Box-Behnken

experiment

% H/mm S/mm  D/mm V/(mm-sfl) L/mm F,/kN

1 4 2.9 D4.21 10 6. 165 5.95

2 6 2.9 D4.21 10 6. 101 11.50
3 4 3.1 D4.21 10 6. 217 8.65

4 6 3.1 D4.21 10 6. 153 12.90
5 5 3.0 D4.14 5 @5.921 21.90
6 5 3.0 D4.28 5 $5.973 14. 00
7 5 3.0 D4. 14 15 @5.938 23.00
8 5 3.0 D4.28 15 @5.985 14. 60
9 4 3.0 D4.21 5 6. 1717 7.10

10 6 3.0 4. 21 5 6. 135 12.00
11 4 3.0 D4.21 15 6. 202 8.19

12 6 3.0 D4.21 15 6. 143 13.10
13 5 2.9 D4. 14 10 @5.951 20.70
14 5 3.1 D4. 14 10 @5.962  24.00
15 5 2.9 D4.28 10 $5.972 13. 60
16 5 3.1 D4.28 10 @5.993 14.30
17 4 3.0 P4. 14 10 D6. 147 11.90
18 6 3.0 D4. 14 10 @6.122  23.10
19 4 3.0 D4.28 10 6. 183 9.84

20 6 3.0 D4.28 10 D6. 104 8.54

21 5 2.9 D4.21 5 @5.991 13.30
22 5 3.1 D4.21 5 6. 009 15. 40
23 5 2.9 4. 21 15 @5.999 14. 50
24 5 3.1 D4.21 15 @6.010 16. 48
25 5 3.0 D4.21 10 6. 009 15. 00
26 5 3.0 4. 21 10 @5.999 15. 00
27 5 3.0 D4.21 10 6. 015 15. 10
28 5 3.0 D4.21 10 6.012 15. 00
29 5 3.0 4. 21 10 6. 017 15.09
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63.81375D + 0.039262V - 1. 17556 x 10" "HS -
0. 264286HD - 0. 000850HV + 0. 357143SD -
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0. 5366675 — 7.52381D% - 0. 000415V  (3)
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Table 4 Variance analysis results of bulge diameter

He U5 M E -7 ¥ F1E P{E BN
i 0. 224460185 14 0. 01603287 75. 82175127 < 0. 0001 e
H 0. 00924075 1 0. 00924075 43.70083661 < 0.0001 —
S 0. 00226875 1 0. 00226875 10. 72924525 0. 005524583 —
D 0. 002380083 1 0. 002380083 11. 25575661 0.004717184 —

0. 000420083 1 0. 000420083 1. 986634539 0. 180518737 —
HS 1. 924E-09 1 1. 924E-09 0. 0003 0. 9858 —
HD 0. 000729 1 0. 000729 3. 447545912 0. 084510158 —
HV 7.225E-05 1 7.225E-05 0. 341680648 0. 568161625 —
SD 2.5E-05 1 2.5E-05 0. 118228598 0. 736073259 —
SV 1. 225E-05 1 1. 225E-05 0. 057932013 0. 813283824 —
% 6. 25E-06 1 6. 25E-06 0. 029557149 0. 865959304 —
H? 0. 168589061 1 0. 168589061 797. 2819328 < 0.0001 —
s? 0. 000133305 1 0. 000133305 0. 630416186 0. 440454038 —
D? 0. 00963125 1 0. 00963125 45, 54756944 < 0. 0001 —
v 0. 000589521 1 0. 000589521 2.787928328 0. 117174829 —
B 2% 0. 002960367 14 0. 000211455 — — —
ES 0. 002761167 10 0. 000276117 5.544511379 0. 056620118 FNTE
4R 2 0. 0001992 4 4. 98E-05 — — —
Rt 0. 227420552 28 — — — —

x5 BHRIMAEIWER
Table 5 Variance analysis result of spindle tension

P 3l A B Ry ¥ FiE PE B
e 622.37 14 44.46 5280. 84 < 0.0001 B
H 72.57 1 72.57 8620. 59 < 0. 0001 —
S 12.36 1 12.36 1468. 57 < 0. 0001 —
D 206. 01 1 206. 01 24471. 52 < 0. 0001 —
|4 3.17 1 3.17 376. 85 < 0.0001 —
HS 0. 4225 1 0. 4225 50. 19 < 0. 0001 —
HD 39. 06 1 39. 06 4640. 24 < 0. 0001 —
HV 0. 0000 1 0. 0000 0. 0030 0.9573 —
SD 1.69 1 1. 69 200. 76 < 0.0001 —
N4 0. 0036 1 0. 0036 0. 4276 0.5237 —
DV 0. 0625 1 0. 0625 7.42 0.0164 —
H? 164. 05 1 164. 05 19487. 35 < 0.0001 —
$? 0. 3005 1 0. 3005 35.70 < 0.0001 —
D? 71.06 1 71. 06 8440. 73 < 0. 0001 —
V? 0. 0327 1 0.0327 3.88 0. 0688 —
B 2% 0.1179 14 0. 0084 — — —
ES 0. 1070 10 0.0107 3.93 0. 0995 FNTE
gl 0.0109 4 0. 0027 — — —
it 622. 49 28 — — — —
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Fig. 5 Correlation of predictive model for bulge diameter
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Fig. 6 Correlation of predictive model for spindle tension
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Fig. 8 Schematic diagram of bulge forming under optimal parameters
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