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Finite Element Analysis of Residual Stress on Aluminum Alloy Surface Based on ABAQUS
Mirror Milling
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[ABSTRACT]

surface of aluminum alloy, according to the related theories of metal cutting finite element analysis, the aluminum alloy

In order to analyze the influence of the milling process parameters on the residual stress of the machined

6061 was used as the workpiece material, and the finite element model of milling was established. The single factor method
is used to simulate the mirror milling of aluminum alloy 6061, and the influence of different spindle speed, milling depth
and milling path on the surface residual stress of aluminum alloy 6061 is analyzed. The research shows that during the
processing of aluminum alloy 6061, the influencing factors on the surface residual stress of the workpiece in descending
order are milling depth < milling path < spindle speed. The spindle speed has the greatest influence on residual stress of the
machined surface, and the optimal group of mirror milling reduces the deformation displacement by 33% compared with
ordinary milling.
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Fig.1 Mirror milling simulation principle and model diagram
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Table 1 Basic physical performance parameters of the workpiece

110]

Y3 HfE
R 2700 kg/m’
PR E 7% 10* MPa
THFALE 0 0.3
Fr S 100 W/ (m * K)
Pk 7% K 1.35% 10°/K
[ 700 J/ (kg - K)

20244F 5678 6] - DAt A 93



‘_‘i.‘ »
E{%tﬁi RESEARCH

¢'=[D+D, exp D, o*1[1+D, In £*1[1+D,T"] (3)
S, e SR P I A5 Dy~Dyhy bR SR AR B
o K FE F1 5258 1 W 3 [y D, exp Dy o] %
PR I BEER RS S0 ) B R s (14D, In 5] A bht
R AR AS B ; (14D, 7] Sk BE R A
R RHIIE R B
14 (FEHZRE

TN ST RIS , R 2 R 1
W AEVEE TR TP G M 2 R
et ) EL RN BT R B 1 i )
LRI 2 60 ) i 2%, 1R S A 5
BB 0.5 T 1 HE 72 R TR 5 IRE I
FERITTR 2 T 5

Pl TR 2 R o B 0 0, B 26 26
PF28 2 S A B R 5 ph S 25 BB
Mﬁﬁﬂ%ﬂw=zi?JMaD%ﬁﬁ§ﬁAE%
T ROBE RS R AP G B R BT 2,
D A | A B BRRT L

2 ARxTHE

BRARIE ST LAY N 3 26, AR LA g S B 4
PEAS I (TR ) 5 B B I AR B AR A 5 R Y S A
JEo M 6061 i 05 H o B AL, VAR g D)
TG BB A AR AR TRLIE TR ) SUARV IS G R i

%2 Johnson-Cook #H#}HERI S5y

Table 2 Johnson-Cook material model parameters

2 28
A/MPa 324
B/MPa 144

n 0.42
c 0.002
m 1.34
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Table 3 Johnson-Cook shear failure model parameters'

Bl ZH
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) 1.248
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D, 0
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Table 4 Experimental parameters and processing methods

RIS | UIHNRE /mm | Efh4E#E/ (r/min) T AR
1 0.3 3000 Ja] 4
2 0.3 3000 S
3 0.3 3000 Hn]
4 0.1 2000 B i)
5 0.3 2000 i)
6 0.5 2000 B Jr)
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Fig.4 Cloud diagram of residual stress in milling of different paths and vector diagram of surface deformation and displacement

—F—Hin — m
5¢ —1—%@@ 5- _%Q 200
—— ST é — SH! -
T S 150
ot L ETHTT X R
T T T i A
b & 100
= &
#®
-5 L L L 50
0 10 20 30
K& /mm K& /mm
(a) BRERA (b) —HUBZNIBX I (c)

5 FAEBESHEEABREREBEREREARNE AL

Fig.5 Deformation displacement vector error bar graph and maximum residual stress comparison of different milling path
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Fig.6 Residual stress cloud diagram and surface deformation displacement vector cloud diagram under different milling depths
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Fig.7 Deformation displacement vector error bar graph and maximum residual stress comparison under different milling depth
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Fig.8 Residual stress cloud diagram and surface deformation displacement vector cloud diagram at different speeds
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Fig.9 Deformation displacement vector error bar graph and maximum residual stress comparison under different spindle speeds
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Table 5 Test parameters for different spindle speeds
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Table 6 Comparison of different influencing factors

WIS | WEZE | BRIERN JI/MPa | FKIE AR S /mm
1 i ¥ 89 0.0052
2 e 160 0.0213
3 i 190 0.0364
4 PIHI R EE 90 0.0043
5 VIR EE 100 0.0046
6 VIR 128 0.0057
7 Al 237 0.0714
8 F Al v 185 0.0681
9 F Al R 175 0.0450
10 X LR 190 0.0680
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