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Abstract: In order to investigate the mechanical properties of face—based mixed milling planes and their
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ontological model that is not unspecified yet. Based on the triaxial test, a nonlinear shear expansion constitutive
model was constructed based on the Duncan—Chang model and the Pastor-Zienkiewicz shear expansion equation,
and the stiffness matrix of this constitutive model was derived by applying the theory of infra—elasticity. Moreover,
the model was developed twice with the help of the UMAT subroutine of the ABAQUS finite element software
platform, which verified the model accuracy and reliability of the model. In addition, the overall sensitivity analysis
and the response surface analysis of the key parameters of the model were also carried out. The results show that at
about 10% axial strain, the strength of the two materials gradually reaches the residual strength under different
circumferential pressures, and the volumetric strain and axial strain show a tendency to decrease and then increase,
and exhibit obvious shear expansion characteristics within a certain range. The triaxial tests were simulated using a
second developed UMAT subroutine, and the results showed a high degree of agreement when compared to the test
results. The study index deviatoric stresses (o,—0;) are particularly affected by the parameters ¢,, A¢, and K,
while they are relatively weakly affected by the parameters n, ¢, a, and R;, and the axial strain &, becomes
significantly affected by the parameters R;, K, and ¢,, while the effects of n, Agp, ¢, and o appear to be more
limited. The degree of sensitivity to (o,—0) is ¢,, ¢i, Ap, @A, KAp, K, K*, A¢®, K¢, in descending order,
and the degree of sensitivity to &, is R;, ¢,, R}, K, Rg,, KR;, ¢;, Kg,, K> in descending order. The interactions of
the key parameters were analyzed through the response surface methodology for comparing the interaction effects
between them, and it is found that they are not significant for (o,—0,) is: ¢, >A¢ >K; the specific influence on &,
is: R, >¢, >K. The research results can provide a theoretical basis for the engineering application of surface mixed
milling planer and a reference for parameter selection.

Key words: intrinsic model ; shear expansion ; hypoelasticity theory ; sensitivity analysis ; response surface
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Fig.3 Triaxial test results of two materials under different enclosure pressures
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AT, WK (28). BARREIS IR S8, gk 1 s .
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a= P u (28)

(w&—d&mM—Z)

Horp, de Filde, 43 531 2 R B =ty 5 73X 56; v ) 10
RPN A8 5l i 2%

®1 EREISY

Tab.1 Theoretical model parameters

R K n R, c/kPa @ /(%) Mg/ (%) @ /(7) a K, “
TR A BE k) 365.59 0.148 1 0.81 0 46.47 8.35 40 0.4 539 0.25
LAvay S 1038.72 0.0550 0.93 0 48.14 10.26 41 0.4 1540 0.28
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FE& T REAE =R IR N AE AT AL v BT kR
R 7R P . A6 56 E 124K R UMAT 2 7 E
PE A R A, A R LT R AR = Al B D) 4 58 P
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22 HT B B A I ) - A8 O R, A BRI 5 DD (588
U TR AR IR R R L BRI SRR
+ 158 B SRS Mohr—Coulomb #E N B, B4R &
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4 () %] 2 S B, A 4 1 59 Ik 455 78 A A5 41
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Fig.4 Model calculation results and test results
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Chang B 2 8 B8, 7302 Kon i K, Ric oy
Ap. HF ZEE 2, i TR G BB ¢ Ry
0 kPa, T S Z3FF 0 288 o 174 60 A A B8 K, SRR T
B 00 R, B2 R R B K, A XS A
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FEFRBRAYFZR . BB AR (= 1) FlEy (1) WA 7K R - 3
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Tab.2 Research factor design levell

SN
a5y - - -
K n R, e,/(°) Ap/(°) @, /() a
-1 329.031 0.1332 0.729 41.823 7.515 36 0.36
1 402.149 0.162 8 0.891 51.117 9.185 44 0.44

R T AR AT T A S BON TR bR i R
PERREE B T — A 14 80 T80 5935 40 75X
EITR T % ATy S8 SO TRE5 R L3R 3.

PRI A R S H U S BT SR T 7 254%
Brids , 3 S — P RE S 28 40 1M 4 PPl 25 B 7 X6 BiF 5T
6 b s e B BE A A% 1k L 3 3 1V BE A RS 1 M
B 7 SR S5 S, DR R B) 38 B FH Y
FNE T F SR 4 RSB R B PAEAE
S KT B SRR T — R HE ORI A
WFFE R 19 38 B0 . HARSR UL, 24 PAE/NTF 0.01
F AT IR B e E Y 35, O i A7
FRic ;s #5 P{EAE 0.01~0.05 Z [a] , WA & 1058 I 7
O EHEATARTE 2 PEA T 0.05 F10.1 Z [A] B, FR
WS R i 2 3 T P AR R T a0 T 0.1 1,
T 5 R 25 2 7 IR N 2

WA LIE W, 2R SHOT (o-0;) 1)
HURMEHET 7 0o Ap Kn g, o R, Hor o) A 5
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R..K.@,.n Ap @, o, FoHXT & 5200 55 B B 25 102 R,
LARTE B SHN (o-0,) Fl &, B BUSAEHE A 58
KES, TR (0-0,) , ZF 28 @,.Ap K
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AR X255 5 SR, M4 IR HE b e I, SR, K.
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Tab.3 Research factor design program

LES K n R, @ /(%) A/ (%) e /(7) a (o,-0,)/kPa &,/%
1 329.031 0.1332 0.729 41.823 7.515 36 0.36 441.360 4.887

2 402.149 0.162 8 0.729 51.117 7.515 36 0.36 774917 7.025
3 329.031 0.162 8 0.891 51.117 7.515 44 0.36 774.932 21.350

4 402.149 0.162 8 0.729 41.823 9.185 44 0.36 441.582 4.001

5 329.031 0.1332 0.729 41.823 9.185 44 0.36 441.604 4.889
6 402.149 0.1332 0.891 51.117 7.515 36 0.36 774.929 17.460
7 329.031 0.1332 0.891 51.117 7.515 36 0.36 774.931 21.341

8 402.149 0.162 8 0.729 41.823 9.185 44 0.44 441.582 4.001

9 329.031 0.162 8 0.729 41.823 9.185 44 0.44 441.609 4.891
10 402.149 0.162 8 0.891 51.117 7.515 36 0.44 774.926 20.766

11 329.031 0.1332 0.891 51.117 7.515 36 0.44 774.931 21.341
12 402.149 0.1332 0.729 41.823 9.185 36 0.44 441.632 4.001
13 329.031 0.1332 0.891 41.823 9.185 44 0.44 441.635 12.159
14 402.149 0.162 8 0.891 51.117 9.185 44 0.44 775.423 17.478
x4 MOPREFERAESHER
Tab.4 Theoretical variance results for selected research factors
Wit d
K n R, @,/(") Ap/(°) e /(°) a
oo, 0.046 0.044 1.09x10™* 1.22x107%* 5.58% 0.036 1.0x10°°
£, 4.24% 0.46 18.43%%* 3.32 0.23 3.52x1073 1.0x107
521 BERH F6 HREFEHHE(RERS)

BEXS @\ A K IX 3 > 5K 2 Bk 47 0k 7 T 73
B, LURFEEATT Z [0 P 22 BAE X (o -0 B 52
Wi, 76 AN BIETE = B K 5 i B 64 538 800 (G2 Wi A
/N A RS BBT =K K (1) A
SR 1L AE TR (=1) ) S #8240 90%.
WFFE A - 57K HUE LR 5.

x5 HAREFEKEBRERERA)

Tab.5 Research factors and levels taking (deviation stress)

K Sk ; .
X,:K X,: QDU/( ) X3:Ag0/( )
-1 329.031 41.823 7.515
0 365.590 46.470 8.350
1 402.149 51.117 9.185

R4 T 152 22 0 7K~ E 8 T F 98 B 3t O
2 IPRAR RN RS R S AE R 6
HRAE 251090 7 TS R A K @,  ApiX 3
DSELL S (8] Z B 38 BN B 7 25 R/ %)
%%635(?& m R HEAT 25 530 e 22 1 0 B O 22 4 bt
LR T P T LVE 6 2 1 7 i Uk
B 2R IR TR @0 00 Ag . o, Ap  KAp K K,
A@® Koy, i oy 0" Ap J 1R .35, oA 1 .35 .

Tab.6 Research factor design program (deviation stress)

9 X:K X:0/(")  X;:Ap/(°)  (o-0,)/kPa
1 365.590 46.470 8.350 581.623
2 329.031 46.470 9.185 581.825
3 365.590 46.470 8.350 581.623
4 402.149 46.470 9.185 581.626
5 365.590 46.470 8.350 581.623
6 329.031 41.823 8.350 441.495
7 365.590 46.470 8.350 581.623
8 402.149 46.470 7.515 581.452
9 365.590 41.823 7.515 441338
10 402.149 41.823 8.350 441.490
11 365.590 46.470 8.350 581.623
12 329.031 51.117 8.350 775.163
13 329.031 46.470 7.515 581.459
14 365.590 51.117 9.185 775.425
15 365.590 41.823 9.185 441.637
16 365.590 51117 7.515 774.906
17 402.149 51117 8.350 775.159

H T IEAFIMNZE 0, Ap Fl K 22 [8] 28 H A FH
(or,—ory) [ ELURSE i R B 300 3k 225 11 4% 2 250 ) i 3 T
P R AR I Can T 5 e ) Sk e W HE N FE S & .l
E 5(a)  (b) A AL, S 5E Ap=8.35" 1}, TLit B8 K kb
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KT RENANFTER TR (0, -0, BEF @, BYHE K MY
Tab.7 Analysis of variance for deviatoric stress o, HAE X — i R, (R 140 A AR A T s
S L S PP e o b FAERK T (-0 ) WP A LB K

pitiill 2.26%10° 9 25077.70  1.21x107  <0.000 1
X, 5.78x107 5.78x10™ 2.8 0.139 5

X, 2.23%10° 2.23x10°  1.O7x10%% <0.000 1 AR AR e BN 2, S R o, TR/ IN T LSS , AH

Y, o 023 108 <0001 WX KIS LA (oo, BB LT 7T 1L 22 W
XX, 2.50x1077 2.50x1077 1.20x10*  0.9916 Kﬂ‘

XX, 9.22x107 9.22x107 4.43 0.073 3 \,
HE 5 (e)  (d) AT AT, 7E PR RE K=365.59 5], 2 ¢,

, Y3 I K A B R, B @, AR (o =0y Y
1
1

1

1
X, 0012 1 0.012 5826 0.0466
X?  109x107 1 1.09x107° 0.53 0.491 6 SETFARRAKT, (0,=0) JLFANSZ Ap ZEALHYFE L 5
X2 300611 1 3006.11  1.45x10%% <0.000 1 M 24 Ap Ab TAE =K, @, (AR AT (o~ 0ry) 1Y 75
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Fig.5 Influence of pairwise interaction of key parameters on deviation stress
522 Hhe R =8 WMREFSKFEEE(FHEIE)
SR FH o I TR A AT R R R B 5 R..KFl ¢, pd I Tab.8 Research factors and level values (axial strain)
SE AR AT o, BRI TFVRE B = AP, ¥ ar
AR (1) USRS S0 11655 IR (— 1) B 5 XK Yotk XaodC)
-1 329.031 0.729 41.823
K 90%. W 5% A - 5 7K A W22 8, it oE A 1%
:%[EI/J%E l"lo ﬁj-b .% ‘3 J(q:mﬁjb%% bﬂ:j-b .% -~ 0 365.590 0.810 46.470
Ti“ﬁ;ﬁ)p%9 402.149 0.891 51.117

LSS R S WIE ST RS S & 2 i OYLE 2
200 B s H AN W 7 2 HEATIE R O 20 MR IRIRIT N Rieo R K Ry KR, ¢ K K LR,
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Tab.9 Research factor design program (axial strain)

R10 HEMERHTESN

Tab.10 Analysis of variance for axial strain

e X,:K X,:R, Xz /(7) & /% KR SERL AmE BUr F PE
1 402.149 0.891 46.470 13.105 HEHY 243.71 9 27.08 316.29 <0.000 1
2 329.031 0.810 51.117 12.248 X, 7.19 1 7.19 83.96%* <0.000 1
3 365.590 0.891 41.823 10.942 X, 157.03 1 157.03  1834.13%%  <0.000 1
4 329.031 0.810 41.823 6.974 X, 56.15 1 56.15  655.84%  <0.000 1
5 365.590 0.810 46.470 8.270 XX, 076 | 076 8.86% 0.020 6
6 365.590 0.729 51.117 7.729 XX, 0.23 | 0.23 5 69 0.145 3
. 81 46.4 2

! 365.590 0-810 6470 8:270 XX, 6.11 1 6.11 TLAT® <0.000 1
8 329.031 0.891 46.470 16.019

X2 0.011 1 0.011 0.13 0.726 1
9 402.149 0.729 46.470 5.270

X, 14.99 1 1499 175.12%%  <0.000 1
10 365.590 0.810 46.470 8.270

2 *

11 365.590 0.810 46.470 8.270 i 0.72 ! 0.72 8.46 00227
12 365.590 0.729 41.823 4.399 e 0.6 7 0.086
13 402.149 0.810 41.823 5.705 A5 0.6 3 0.20
14 329.031 0.729 46.470 6.442 i s 0.00 4 0.00
15 402.149 0.810 51.117 10.020 IR2EFN 24431 16
16 365.590 0.810 46.470 8.270
17 365.590 0.891 51.117 19.217 B /DN T S T 055 5 o RAL T i K S B K Y1
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Fig.6 Influence of pairwise interaction of key parameters on axial strain
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