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Predicting Interference of Headless Rivet Using
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Abstract: This study proposes a method for predicting the installation interference of headless
rivet using a multiple nonlinear regression model based on the finite element simulation data of
the riveting process, with the aim to elucidate the influence of material properties on the interfer-
ence during installation and to provide reliable predictions for the use of new materials. Firstly, a
finite element simulation model is established based on the actual riveting process and its validity
is verified through riveting experiments. Subsequently, finite element analysis and orthogonal
testing techniques are employed to examine the significance of various factors, such as elastic
modulus, yield strength, strengthening coefficient, and strain strength index, along with their
interactions on installation interference, determining the influence of each factor on the riveting

interference. Finally, the multiple nonlinear regression model is formulated using a power func-
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tion, and less significant factors are eliminated. The results show that, under specific riveting

process conditions, yield strength and strain strength index, as well as their interaction, are the

primary factors affecting the interference. By comparing the simulated values and the predicted

values of the regression model, it is observed that the two values exhibit consistent variation

trends, with errors remaining below 10% , demonstrating the effectiveness of the multiple regres-

sion models in predicting riveting interference.

Keywords: interference; multiple nonlinear regression; headless rivet; orthogonal test
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Fig. 1 Schematic diagram of riveting model
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Table 1 Common aviation parts and rivet materials parameters

K AR E/GPa JHA L v W/ (gemm *) JERIEE A/MPa 5R4LRE B/MPa NS GE IR R »
2024-T351 74 0.33 2.8X10°° 280 400. 0 0.200 0
2A10 69 0.33 2.8X107° 243 618.8 0.198 1
7050 70.3 0.33 2.8X107° 485 175.8 0.416 0
7075-T6 71 0.33 2.8X107° 473 210.0 0.3813
2117-T4 69 0.33 2.8X10°
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Fig. 2 Stress-strain curves of materials
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Fig. 3 Mesh division and setting of boundary conditions
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Fig. 4 Riveting test and simulation results
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Fig. 5 Diagram of interferometric measurement position
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Table 2 Comparison of simulation and test data

2024-T351 7055-T76511

SEy fFE RE R fFE RE

G,/mm 0,.2750 0.2862 0.0112 0.1116 0.1159 0.004 3
G,/mm 0,150 1 0.1366 0.0135 0.069 0 0.0650 0.004 0
Gs;/mm 0,1211 0.1246 0.0034 0.0565 0.057 7 0.001 2
G,/mm 0.2170 0.2199 0.0020 0.1032 0.0947 0.0085
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Table 3 Five levels-no interaction orthogonal test scheme and simulation results
s TR % | T E

E/GPa A/MPa B/MPa n G, /mm G,/mm G;/mm G,/mm
1 60 300 300 0. 20 0.246 9 0.1204 0.1099 0.194 4
2 60 350 360 0. 25 0.1856 0.096 8 0.0877 0.150 3
3 60 400 420 0. 30 0.1512 0.083 4 0.075 3 0.124 5
4 60 450 480 0. 35 0.1292 0.073 3 0.0657 0.108 6
5 60 500 540 0. 40 0.1138 0.066 7 0.0597 0.0977
6 63 300 360 0. 30 0.2857 0.1360 0.124 3 0.220 6
7 63 350 420 0.35 0.2120 0.107 1 0.097 1 0.170 3
8 63 400 480 0. 40 0.167 2 0.088 8 0.080 2 0.1351
9 63 450 540 0. 20 0.086 7 0.054 9 0.049 4 0.081 8
10 63 500 300 0.25 0.1058 0.062 1 0.0554 0.091 6
11 66 300 420 0. 40 0.3287 0.153 3 0.1408 0.250 6
12 66 350 480 0. 20 0.1257 0.0711 0.0639 0.105 6
13 66 400 540 0.25 0.1155 0.066 1 0.058 9 0.097 3
14 66 450 300 0. 30 0.1326 0.0721 0.064 1 0.105 8
15 66 500 360 0.35 0.1122 0.0637 0.056 6 0.094 1
16 69 300 480 0.25 0.1827 0.095 4 0.086 2 0.145 3
17 69 350 540 0. 30 0.1516 0.0821 0.074 0 0.1229
18 69 400 300 0. 35 0.176 0 0.088 9 0.079 6 0.1379
19 69 450 360 0. 40 0.1380 0.074 0 0.066 0 0.1104
20 69 500 420 0. 20 0.079 5 0.049 8 0.043 9 0.0730
21 72 300 540 0. 35 0.228 6 0.114 7 0.104 4 0.182 2
22 72 350 300 0. 40 0.260 4 0.119 6 0.1087 0. 206 6
23 72 400 360 0. 20 0.117 9 0.065 4 0.057 6 0.094 9
24 72 450 420 0.25 0.1016 0.058 6 0.0520 0.086 4
25 72 500 480 0. 30 0.0907 0.053 9 0.047 6 0.0797

A4 RRAARME KB E S

Table 4 Range analysis of no interaction orthogonal test

M2 R/mm
G1 Gg G.’; GL
E 0.0259 0.0118 0.0114 0.0220
A 0.1541 0.064 7 0. 060 5 0.1114
B 0.045 3 0.016 1 0.014 8 0.032 4
n 0.070 3 0.028 2 0.026 1 0.050 1
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Fig. 6 The effect of factors on the riveting interference
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Table 5 Two levels-interaction orthogonal test scheme and simulation results
n IERRIRE T & f5 45 R
:ﬁi’j’: E A EXA B EXB AXB EXn AXn BXn Gy /mm Gy /mm Gy /mm G/mm
/GPa  /MPa JKF¥ /MPa K8 K% HKFEL KB KR

1 60 300 1 300 1 1 0.2 1 1 1 0.2469 0.1204 0.1099 0.1944

2 60 300 1 300 1 1 0.4 2 2 2 0.4109 0.1828 0.1671 0.3011

3 60 300 1 540 2 2 0.2 1 1 2 0.1668 0.0921 0.0837 0.1301
4 60 300 1 540 2 2 0.4 2 2 1 0.2899 0.1435 0.1316 0.2239
5 60 500 2 300 1 2 0.2 1 2 1 0.101'1 0.0611 0.0548 0.0905

6 60 500 2 300 1 2 0.4 2 1 2 0.1294 0.0724 0.0646 0.1049

7 60 500 2 540 2 1 0.2 1 2 2 0.0879 0.0520 0.0464 0.0790

8 60 500 2 540 2 1 0.4 2 1 1 0.1138 0.0725 0.0597 0.0977

9 72 300 2 300 2 1 0.2 2 1 1 0.2248 0.1077 0.0976 0.1783
10 72 300 2 300 2 1 0.4 1 2 2 0.3908 0.1692 0.1548 0.2897
11 72 300 2 540 1 2 0.2 2 1 2 0.1426 0.0830 0.0754 0.1175
12 72 300 2 540 1 2 0.4 1 2 1 0.2713 0.1305 0.1195 0.2116
13 72 500 1 300 2 2 0.2 2 2 1 0.0890 0.0530 0.0469 0.0776
14 72 500 1 300 2 2 0.4 1 1 2 0.1144 0.0631 0.0557 0.0932
15 72 500 1 540 1 1 0.2 2 0.0694 0.0452 0.0399 0.0661
16 72 500 1 540 1 1 0.4 1 1 1 0.0999 0.0575 0.0511 0.0870
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Table 6 Variance analysis of orthogonal experiment considering interaction (P=0. 05)

- ; Gy 52551 G, J5 2551 G, J5 25 G, LS
F {4 P{a F1H P{a F{H P1{a F1H P1{H
E 1 12. 43 0.017 24,77 0. 004 35.17 0. 002 31.21 0.003
A 1 1168.97  <<0.001 988. 80 <<0. 001 1617. 24 <<0. 001 2789.78 <<0. 001
B 1 143. 66 <<0. 001 76. 11 <<0. 001 123.63 <20. 001 309. 52 <20. 001
n 1 314.59 <<0. 001 248. 31 <20. 001 371.08 <20. 001 698. 49 <20. 001
EXA 1 0. 64 0. 460 0.28 0.621 1.04 0.355 0. 06 0. 824
EXB 1 <<0.01 0.998 0. 00 0.989 0.21 0. 666 0. 04 0.851
EXn 1 0.01 0. 937 0.65 0. 458 0.29 0.611 0.22 0. 656
AXB 1 71.95 <20. 001 38.13 0. 002 53. 04 0.001 183.73 <€0. 001
AXn 1 140. 16 <C0. 001 91.88 <<0. 001 159. 34 <20. 001 348. 90 <<0. 001
BXn 1 3.12 0.137 0.59 0.478 1.63 0. 258 1.32 0. 302
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