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Fig.1 Models of Al cell (a), Al (200) plane (b), and substrate of Al
cell (¢)
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Fig.2 Models of PA66 substrate: (a) PA66 monomer, (b) PA66 long-
chain, and (c) PA66 amorphous cell
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Fig.3 Initial interface model of PA66/Al: (a) PA66 amorphous cell
after annealing, (b) initial interface model of PA66 and Al

before annealing, and (c) initial interface model of PA66 and Al

after annealing
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Fig.4 Energy change of PA66/Al molecular dynamics model

under different temperatures (a) and pressures (b)
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Fig.5 Density change of PA66/Al molecular dynamics model under

different temperatures (a) and pressures (b)
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Fig.6 Adsorption results of PA66/Al at different temperatures: (a) 300 K, (b) 350 K, (c¢) 400 K, (d) 450 K, (e) 500 K, (f) 550 K, (g) 600 K,
and (h) 650 K
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Fig.7 Adsorption results of PA66/Al under different pressure conditions: (a) 0 MPa, (b) 0.5 MPa, (c) 1.0 MPa, (d) 1.5 MPa, (e) 2.0 MPa, and

(f) 2.5 MPa
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Fig.8 Adsorption results of PA66/Al at 350 K under different time conditions: (a) 2 ps, (b) 4 ps, (c) 6 ps, and (d) 8 ps
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Fig.9 Adsorption results of PA66/Al at 0.5 MPa under different time conditions: (a) 2 ps, (b) 4 ps, (c) 6 ps, and (d) 8 ps
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Fig.10 Radial distribution function of PA66/Al interface model

under different temperature (a) and pressure (b)
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Fig.11 MeansquareddisplacementofPA66/Alinterfacemodelunder

different temperatures (a) and pressures (b)
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Fig.12 Interaction energy of PA66/Al interface model at different

temperatures
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HEINRESE .

3 & i®

1) PA66/AL 5t [ A5 24 75 iz s I AF K 2 2
PAG6 7T [7] Al SE I Fiz sl . i 3@ sl i B) ff 388 i , 5t
TR 284 35 7 Ao F AN W 18, 5 TR B A ELAE FH e AS T 14
Ko TEAN A B9 FE  FE s A% A T, 75 FE 25 A0 48 7 fit
I B H AL P RO 2 R I I 2 S 1 K S VR

2) i JE X PA66/AL F I AR R W B o B2 A7 E 2 3 52
Mo 4[] 10 ps B, 6 25 i FE M 300 K 21 550 K, AH HL
E FH RE 48 %00 B AR 1 K, IR 7E 550 KN S B K AH B
E FH RE 40 {H , 22 W 12 FE /& PAG6/AT F1 [HI 5 4 P B B
IR s BEE IR RS — 20 LT, A ELAE F e 4ot T B% .

3) JE SR AT PA66/AL F [HIAR B W B 3 B2 A7 AE 2 3 52
Wil 4[] 10 ps B, Bl 5 7R 58 (1) 7 51, PA66/AL S IS
TURH EAE FH BE 4 XHELZE 1.5 MPa N ek, 26 B 4% 1T 5 2
PAG6/Al F I B 4 IV P IR 588 . B IR 53t — 25 B FF,
HHELAE F RE LA H BR8N S B
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Interface Bonding Behavior of CFRTP/Al Alloy Under the Effect of Temperature and
Pressure

Qu Hua', Song Kunlin', Zhang Lijiao’, Zhu Hongbin >, Wang Zhenmin’
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(2. CRRC Academy Co. , Ltd, Beijing 100170, China)
. College of Mechanical and Automotive Engineering, Sout ina University of Technology, Guangzhou , China
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Abstract: The composite structure of carbon-fiber-reinforced-thermoplastic (CFRTP) and aluminum alloy can combine the excellent properties of
these materials, and has great application potential in rail transit, acrospace and other fields where lightweight needs to be considered. Welding
technology has the advantages of strong stability and high sealing, which is a new technology to explore the preparation of CFRTP and aluminum
alloy composite structures. However, due to the large differences in physical and chemical properties of dissimilar materials, the welding joint has
low compatibility and poor weldability, and the current welding process conditions are not clear about the bonding mechanism of the welded joint.
Therefore, the molecular dynamics (MD) simulation method was adopted in this study, and polyamide 66 (PA66) was used as the matrix material
of carbon fiber-reinforced PA66 (CFRPA66). The motion and interaction mechanism of PA66 and Al atoms under different temperatures and
pressures during welding were studied. The results show that the changes of temperature and pressure during the welding process exert significant
effects on the atomic diffusion and bonding behavior at the interface between PA66 and Al. When the reaction time is 10 ps, the absolute value of
the interaction energy reaches the maximum value at 550 K or 1.5 MPa. The simulation results provide a theoretical basis for the optimization of
welding process parameters between CFRPA66 and Al alloy, and lay a solid foundation for the industrial application of CFRTP/ALl alloy composite
joints.

Key words: Al alloy; polyamide 66; interface model; molecular dynamics; interaction energy
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