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High-temperature friction model and microscopic mechanism analysis on
7A09 aluminum alloy
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Abstract: The influences of different loads, friction speeds and temperatures on the friction coefficient of 7A09 aluminum alloy under lubri-
cation condition were studied by friction testing machine CFT-I, and the action mechanism of different friction factors in microscopic state
was analyzed by SEM. Then, a variable friction coefficient model based on different loads, friction speeds and temperatures was established
through analysis, and the accuracy of the model was verified by tests. Furthermore, the friction model was imported and simulated in finite
element by using ABAQUS subroutine development interface Fric and advanced computer language Fortran, and it was verified by compa-
ring the simulation result of Coulomb friction model with the result of stamping test. The results show that the friction coefficient decreases
with the increasing of load, friction speed and temperature, the data fitting degree of the variable friction coefficient model based on differ-
ent loads, friction speeds and temperatures is better, the simulation result of the variable friction coefficient model is closer to the result of
stamping test, and the thinning of aluminum plate occurs on the side wall, which verifies the validity of the friction model.
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Table 1 Compositions of 7A09 aluminum alloy ( %,

mass fraction)

Si Fe Cu Mn Mg Cr Zn Ti HAlh Al

0.5 0.5 1.8 0.15 2.5 0.21 55 0.1 0.15 RxF
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Fig. 1 ~ CFT-I friction testing machine
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Fig. 2 Relationship between load and friction coefficients
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Fig. 3 Cross-section of sheet metal friction
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Fig. 4 Relationship between friction speed and friction coefficient
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Wear of sheet metal surface at different friction speeds
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Table 2 Comparison between test and calculated

values of friction coefficient

. » FEHE W, . .

WEE/C /N L EE S REE RER/%
(mm s )

200 7 90 0.2802 0.2758 1.6

230 9 110 0.2570 0.2632 2.4

250 11 130 0.2385 0.2343 1.8
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Table 3 Die sizes (mm)
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Fig. 7 Hot stamping model

4.2 BHRTSHIEE

BORER R A 1 mm 1 7A09 A& 4, Zad T6
PAbFE | HAZ G 74 GPa, AN N 0.31, &
MAEHC 116 W - (m - K)o BEE R A2,
TA09 F A A by N 2 R AR AR, AR L LF-JE
Afk, Hoby FOB i FNER B R INEE 4 s, A
K H 440 RNEWM T, HAg GHEIE R 200 GPa, i1
AR 0.27, FRAEKHN24.2W - (m - K)™', B
SeE LR B R ECN 18 C, E L4 N EJE K
-273.15 C, WEMCEHIPILGE I N 230 C, #Hokt
FIIFE ST R ECR 0.7, MRS 28 S XTI e 34 R 8K
90.02 mW -« (mm® « K) ™' BRI B ITRS R Xk B
DC3D8, FR1FHYHIC A 16000, AL, T A
JEih %R ] C3D8RT HLoots =, ML LN
AL FE S U A

x4 TAV FREEMREEFERENXR
Table 4

7A09 aluminum alloy and temperature

Relationship between Young’'s modulus of

R/ C % it/ GPa
18 74
100 72
150 69
200 65
250 61
300 55
350 49
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Fig. 8 Stamping part (a) and point positions for thickness measurement (b)
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Fig. 9 Equivalent plastic strains of variable friction coefficient model (a) and Coulomb friction model (b)
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Fig. 10 Thickness distribution diagram of stamping parts
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