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Diffusion Bonding Process of Microchannel Copper Heat Exchanger Based on

Genetic Optimization Algorithm

YE Jianhua CHEN Minghe XIE Lansheng SU Nan LUO Feng

(College of Mechanical and Electrical Engineering,Nanjing University of Aeronautics and Astronautics,Nanjing 210016)

Abstract Based on genetic optimization algorithm, the diffusion bonding process of T2 copper was studied.
Used orthogonal test method and combined with back propagation (BP) neural network and multi—objective genetic
algorithm, the temperature, pressure and holding time of the diffusion bonding are taken as input variables and the
bonding rate and deformation of the sample were taken as output variables after diffusion bonding. The process
parameters of diffusion bonding were optimized, and the corresponding diffusion bonding verification test was carried
out. The results show that the appropriate diffusion bonding process parameters of T2 copper are: the temperature is
780 °C, the pressure is 7. 5 MPa and the holding time is 120 min. Under this condition, the bonding rate can reach
95.26% and the deformation is 0. 166 mm. The above—mentioned process parameters are used to manufacture the
parts of the microchannel heat exchanger, and the deformation in the thickness direction is 0. 162 mm. After
ultrasonic C—scanning, the bonding condition is good, and the sealing and design requirements are satisfied after the
pressure—proof and leak—proof detection.
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Tab.1 Chemical composition of T2 copper
wl%

Cu Fe Pb S Sh As Bi BEW:S

99.90 0.005 0.005 0.005 0.002 0.002 0.001 0.08
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Fig. 1 Microstructure of T2 copper 200X
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Fig. 2 Optimization flow chart of multi—objective genetic

algorithm for T2 copper diffusion bonding
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Tab.2 The results of diffusion bonding test

75 WEC TESI/MPa i)/min JEA5H/%  AF T /mm
1 720 5.5 60 32.12 0.032
2 720 6.5 90 42.61 0.045
3 720 7.5 120 45.49 0.062
4 720 8.5 150 60.23 0.098
5 750 5.5 90 57.86 0.087
6 750 6.5 120 61.22 0.121
7 750 75 150 69.34 0.162
8 750 8.5 60 68.73 0.224
9 780 5.5 120 77.61 0.159
10 780 6.5 150 91.03 0.218
11 780 7.5 60 88.12 0.135
12 780 8.5 90 94.59 0.287
13 810 5.5 150 88.7 0.162
14 810 6.5 60 90.08 0.237
15 810 7.5 90 92.35 0.265
16 810 8.5 120 97.68 0.350
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Fig. 3 The predictive relative error of BP neural network model
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Fig.4 The Pareto solution of multi—objective genetic algorithm
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Tab.3 Optimized process parameters based on Pareto solution

T /C J£ J1/MPa LRI [E] /min
810 6.5 150
780 7.5 120
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Fig. 5 Metallographic diagram of two groups under suitable process parameters 200X
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Tab. 4 Bonding quality of two sets suitable process parameters

5 AR e /mm R 1%
SE—4 0.213 94.82
Uil 0.166 95.26
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Fig. 6 The parts of microchannel heat exchanger before and

after diffusion bonding
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Fig. 7 Ultrasonic C—scan diagram after diffusion bonding of

microchannel heat exchanger
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Fig. 9 Microscopic metallographic structure after diffusion bonding at different times 200X
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Fig. 10 The dot scan picture of T2 copper diffusion interface
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