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Parameter Optimization and Fracture Failure Analysis of Particle—reinforced

Adhesive Bonding Joints Based on Response Surface Method

WANG Yutao ZENG Kai ZHANG Hongshen XING Baoying
(Mechanical and Electrical Engineering College , Kunming University of Science and Technology , Kunming  650500)

Abstract  Based on Box—Behnken Design (BBD) method, the experimental research of alumina particles
reinforced bonding was carried out. The multivariate regression models between bond characteristic parameters
(particle size, adhesive layer thickness and mass fraction) and response values (failure load, energy absorption
value) were established, and the models were verified by experiments. The RVE (representative volume element )
model was established to verify the failure mechanism of adhesive layer fracture. The results indicate that the greatest
impact on the failure load of the joint is particle size. The greatest impact on energy absorption value of the joint is
particle mass fraction. The optimal process parameters are particle size of 46 wm, adhesive layer thickness of 0. 6
mm and mass fraction of 5%. Finite element analysis shows that the addition of alumina particles changes the cracks
propagation path, which increases the crack length and the fracture energy of adhesive layer, thus enhance the
mechanical properties of adhesive joints.
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Tab.1 Factor level and scope

Levels
Factors
(-1) (0) (+1)
X,:The particle size/mm 0.02 0.04 0.1
X,:Adhesive layer thickness/mm 0.2 0.4 0.6
X;:Mass fraction/% 5 15 30
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Fig.2 Test equipment and load displacement curves
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Tab. 2 Particle reinforced bonding test results

Run BURDRAS WRJRIEIE  Bihbsy  RAGEST AR
/mm /mm /% /N {E/]
1 0.04 0.4 15 8855.23 54.23
2 0.10 0.6 15 8061.48 24.87
3 0.04 0.2 30 8830.62 49.21
4 0.04 0.6 30 8762.80 47.45
5 0.10 0.2 15 8097.98 23.90
6 0.04 0.4 15 8753.83 50.13
7 0.02 0.4 30 8770.90 43.47
8 0.02 0.2 15 8441.65 21.04
9 0.10 0.4 30 8 006.41 20.63
10 0.02 0.4 5 8847.22 69.48
11 0.02 0.6 15 8978.50 74.75
12 0.04 0.4 15 8973.42 67.27
13 0.10 0.4 5 8950.93 60.09
14 0.04 0.6 5 9098.48 79.80
15 0.04 0.2 5 8714.61 110.96
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Tab.3 Analysis of variance table

WML NE CFOTRIS, HHEEd, ¥HE2EM, F P >F
BiAl 1627 000 9 180800 6.87 0.024

X, 540 600 1 540600 20.54 0.006

X,  24766.51 1 2476651 0.94 0.377

X, 318 400 1 318400 12.10 0.018

XX, 6744744 1 6744744 256 0.170

XX, 222100 1 222100 8.44 0.034

- X,X, 59835.26 1 5983526 227 0.192
X2 155 500 1 155500 5.91 0.059

X2 72317.25 1 7231725 275 0.158

X2 82546.68 1 82546.68 3.14 0.137
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X, 7.32 1 732 003 0.868

X, 3182.94 1 3182.94 1273 0.007

AR x x, 21137 1 21137 085 0385
i X2 100674 1 1006.74 4.03 0.080
X2 1098.92 1 1098.92 440 0.069

JI 1840.03 6 306.67 3.83 0.222
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Fig. 4 Influence of single factor and interaction on energy absorption value
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Fig. 5 Curves of crack length and time under different particle sizes and volume fractions
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