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Engineering correction method for post-necking

uniaxial stress-strain curve of ductile copper alloy

ZHANG Ping', LI Bin®, GAO Yushan', WANG Zhen', JIANG Wei', HUO Shihui'
(1. National Key Laboratory of Aerospace Liquid Propulsion, Xi’an 710100, China;
2. Academy of Aerospace Propulsion Technology, Xi’ an 710100, China)

Abstract: Ductile copper alloys are widely used in liquid rocket engines, which are generally subjected
to large plastic deformation due to extreme loads. Due to the lack of method to effectively process the
post-necking data of tensile tests, traditional material constitutive models used in engineering structural
analysis failed to fully reflect the real bearing capacity of materials. Uniaxial tensile tests were carried out
at room temperature for a ductile copper alloy, and the universal correction function and parameter fitting
principles were proposed from the perspective of engineering structural strength analysis. Then, the
weighted factor w =0. 75 and the exponential correction factor n = 2.4 were obtained through the FEM
necking simulation. The results show that the load-displacement response of the finite element necking
simulation is convergent to the model parameters and mesh. The exponential correction method can better
describe the post-necking response of copper alloy specimens. A conservative material property estimate
can be obtained by selecting n =2. 4.
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Fig.1 Tensile test and the geometry of specimens
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Fig.2 Results of the monotonic tensile test
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Tab.1 Mechanical properties obtained from the monotonic tensile test of a copper alloy
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Tab.3 Parameters of different multilinear constitutive models for copper alloy

257 8s T2 RNERS VA TR VB N=NR
UL A (TR JURLER (B HLE (AR JURLE (B
S 5 3/ MPa Yrhiss (TR Prhrsm i (FH L) Prhiss (TR Yrhom g (EAL)
278.60 416.22 278. 60 1748.24
55 (TH%) 5 (TH#) 4 T 4 B
Sl I E e (BB THE) (S ESD)
0.493 9 0.401 4 5.2750 1.836 6

DAL A% AR 4 5 28 TN £ 197 7 - o7 728 Wi 7 45 1 56
e rORTLEULIEL 3, DAL 3 Rl DU Y, 24 0722
T 5% I, 6 TR N SN -0 AR R B AR
RIEST , T HE 1 <53 s b Ak A DRIy SR 17 28 — B A i, 2
X e IR L 7 - I K s AT R, LR 2R AEA
FAJET 2R YT i 281 W 22 i ) 5 2R 1 D S P Bl UL,
AR A AR 3 i N 2 PR (BB SR R, W B PR ST

BOPERBAN T 5 M0 24 77 6 W 2 390 4 B G I, P o J3E
R BRI AR 5 28 AN P BT, B ]S B0 1 Bz Y
it B Z, A HE R AR AE DA A S A i 3
R AU BRI TR 22 HR, Toie UnAn] 38 O Bt
SRS R B = A T4 1 A BRE T i KU
1T LS 7 - 72 B0 T B ) 22 e 56 A A
TE AR BEATAT 2K o



5550 552

SR, A PR 5 4 AR S ) 2R N TR I )y 1

135

1 000

[ 29gih- || P— i
LR L LR B e mglﬁiﬁ
bl 2 251 | 022 3904 A -7 T by
00 ekt o | LS P — ML (4 4055 L)
& r o i —-— ML (4 5T
= 600p i . - o= (T A
RS L T I8 (FL5)
=400}
200 4
N

06 0.9 12 15

S

0.0

3 AEAEEBITN R 7 -5 3E i 2 5k 8 BE xS b
Fig.3 Comparison of stress-strain curves predicted by various

constitutive models and obtained from the experiment
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Tab.4 Parameters of dual stage hardening

model for the copper alloy
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Fig. 8 Load-displacement curves of the model corresponding

to different correction factor n and w
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to different correction methods
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various correction models and the experimental data
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