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A mechanism based approach to simulate the ductile

fracture of pre-notched metal diaphragm

JIANG Wei, XU Hongwei, HUO Shihui
(Science and Technology on Liquid Rocket Engines Laboratory, Xi’an 710100, China)

Abstract: A new modification to Gurson-Tvergaard-Needleman ( GTN) model was proposed for the
simulation of ductile fracture behaviors under combined tensile and shear loading mode in pre-notched
metal diaphragm. Two distinctive damage parameters, respectively related to tensile and shear damage
mechanisms were introduced into yield function as internal variables of material degradation process. The
evolution laws of the two damage parameters were given in rate-form. The damage constitutive model was
implemented into the commercial codes ABAQUS via user defined material subroutines and applied to
simulate the ductile fracture of the pre-cracked metal diaphragm to acquire the exact bursting pres-
sure. The process of crack initiation , propagation and final fracture in the diaphragm was also reasonably
predicted by the element removal procedure of ABAQUS/Explicit. The comparison with the experimental
results shows that the proposed model can accurately simulate the fracture pressure and fracyure process of
the notched diaphragm,and can be windely used to simulate the fracture process of ductile metals under

tension shear mixed load mode.
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Fig. 1 Residual thickness and determination method
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Tab.1 Residual thickness of the pre-notched diaphragm B4 um
R JIE ISR Tl IR

i MR frE2 O E3 fE4 fES ENE MED ME2 ME3 R4 ES VENE
1 124 125 125 125 125 124. 8 28.5 29.9 30.5 28.6 27.7 29.0
2 127 127 127 127 127 127.0 32.8 32.0 31.5 29.7 28.5 30.9
3 125 126 126 126 126 125.8 29.2 29.9 30.5 27.5 29.0 29.2
4 125 126 126 126 125 125.6 29 29.5 31.5 28.7 26.6 29.1
5 126 126 126 126 126 126.0 41.3 40.6 41.6 39.2 39.6 40.5
6 126 126 127 126 126 126.2 42.2 40.7 42.3 39.0 37.8 40.4
7 123 123 123 123 123 123.0 38.5 36.6 37.2 35.7 34.0 36.4
8 124 124 124 124 123 123.8 37.6 37.4 37.5 35.6 35.2 36.7
9 124 124 124 124 123 123.8 48.3 47.7 48.5 46.6 45.5 47.3
10 125 125 125 125 125 125.0 48.9 49.0 49.5 47.3 47.2 48.4
11 123 123 123 124 123 123.2 48.0 47.0 47.0 47.6 44.9 46.9
12 124 123 123 123 124 123.4 49.2 46.9 47.5 46.4 45.4 47.1
13 123 123 123 123 123 123.0 57.1 57.5 56.7 56.4 55.3 56.6
14 124 123 124 123 123 123. 4 58.5 56.5 58.6 56.2 54.5 56.9
15 125 124 124 124 124 124.2 59.0 58.1 58.5 57.4 56.8 58.0
16 124 124 124 124 124 124.0 58.2 58.4 58.0 57.5 56.0 57.6
17 122 122 123 123 123 122.6 64.6 65.0 67.4 65.3 64.0 65.3
18 124 124 124 124 123 123.8 67.3 68.0 68.5 66.9 66.0 67.3
19 123 123 123 123 123 123.0 66.9 66.7 67.8 65.7 64.7 66. 4
20 122 122 123 122 122 122.2 66. 4 65.5 67.8 65.2 63.8 65.7
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Fig.2 Pre-notched diaphragm membrane valve and

fracture surface after burst testing
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Fig.3 The busting pressure of the pre-notched

diaphragm by testing and calculation
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Fig. 4 Yield surface of the modified GTN model

SR A B 8L g 2% 1) [ 1 588 K F) Mlises 44

b, SLRSE OB IE RS o, &, bR B S <
i, B



CRIESE R

LM, A« — PR TR DAL ) 2R N A W 52 T R BB 3 ik 49

P
" T AP Dy
S o BB AR & RIBMERRI R
BT TN i bR 41 AL B B f e i
LR B A A R, ULy

f=(l-w)Ad +(1-p&d (5
Ao A LA B AR 5 B IR T S 0E Chu AT Needle-
man""”" 25 I IE S0 L s @, SR IR A5 R L
T XA IR . K (5) 5545 D2 — 30 B BT
FL W A 1717 5 | A A L) A R 43 5 4 5 20 — 30 g 3
A LI R G R B FLIR AR R o B0 K, AR (e 3 5 9
P AR AR AR A AT G
St AL BT ML AR B0 i D, FRAE, BT
A543 5 2 M AR T > 10 5 D458 43 B 9 1 o AR %
i 43 5, B

(4)

m

s:&
q
[ kAR B ZENER T 20 2
oh e EGR T UL A, 38 5 U0 0 B D) ok R A i 7 ST
T AL & D, BB ACRLEE, H] T RAE AL IR Hr
K e AL A5 5 FL AR JE IR 728 AH S Y 4 UL ATL 1

FRRWRE R

FLIRRR 5 f FBT Y1543 D, KB4 H )
e SHELS A D J5 BRI 47, LA WS Bkt
b B R RO B, R IERY GTN BEAYrh SR ]
PHAS RN R ™ D, RBX A e

3 ZRERETRIETES T

3.1 BRTER

Xif B4 SRR A TSR BE (1) 4 A ZIR BB F () S 7R
AJEBEVEE 34, 43 )k 29. 55 .38.50 . 47. 43 |57.28 .
66. 18 wm, 57 ZIJE B A BROCAE RL RS, SR A XA~
SR A R AR b A R AR B 2R DX sl L A5
AU AR A S50 48 BB AR AR . SR B IE R GTN
BRI, TAD-M 4 #F Z 9 JE e 24 i FR B, 2%
BN Z PR Fr B LR A7 2ty 6 R, RS X2
A FR TR A, I 7E 2R X 8RR 3 R 5 4 A6 )
AN S iR [, HAEZR BT 0 W2 XA
KRB IER) GTN BPELAHY , HAx ek AL GL 1 2

Dshear = ku)Dshearwo'

(6)

SEIAPERE A 2R DX I P 1 45 0 B T 52 1) b
T fi) B 3 45, A T SR 5 0L IR A LR A4
R 0 5 U453 473 2 it 3 98 74 7 748 49 394 i ] P 22
I, 2 3 0 L R 0 Ik B R LRI RE R 52 B A FR
I 10005 BT AR A, B RO M B3k , 1 B 2k B e A
W3R , 20RO A ) 20 )™ o 7 e 5 25 AL
KT AR i 475 B0 fi 4 2K R 7R 32 1) SN s
T3 BRI 2R R A R R T

ES5 ZYRIERARTER
Fig. 5 The FEM model of pre-notched diaphragm
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Tab.2 The macro-mechanical properties and

damage model parameters for TAD-M
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Fig. 6 The predicted bursting pressure by two-

damage-parameter GTN model
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Fig. 7 The simulated fracture process of pre-notched diaphragm by two-damage-parameter GTN model
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