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Application of constant stiffness method and tangent stiffness method in
numerical simulation for metal materials
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Abstract: Two nonlinear finite element calculation methods of constant stiffness method and tangent stiffness method were compared and
studied, and two algorithms were embedded into ABAQUS software by writing UMAT subroutine in FORTRAN language. Then, the influ-
ences of element size and incremental step on the calculation efficiency, accuracy and stability of the two algorithms were analyzed by the
uniaxial tensile test and numerical simulation results of AA7075-T6 aluminum alloy samples. The results show that the calculation efficien-
cy of the constant stiffness method is higher at different incremental steps and element sizes. However, if the calculation precision is taken
as the standard, the calculation efficiency of the tangent stiffness method is higher. With the same element size, the smaller the incremen-
tal step is, the higher the precision of the algorithm is, but the greater the fluctuation of the constant stiffness method is. Since the influ-
ence of the incremental step is dominant, if the incremental step is very small, the element size has little effect on the precision of the con-
stant stiffness method, otherwise, the effect is greater. However, the calculation precision of the tangent stiffness method is slightly affect-
ed by the element size. Thus, the comprehensive analysis shows that the stability of the tangent stiffness method is higher, which provides
a basis and reference for developers of relevant UMAT subroutine.
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Bt AL R B R R R, THE AL B TR (Computer Aided Engineering, CAE) #{] iz T4
LA FIARH I T ROE T2, o, ABAQUS 4

WA . 2022-04-08; 1EiTHH: 2022-07-06 —Fh D) REsR KA AR LA R ek 2 —, 3
EemA: PR KFEMEBIE SEEE R ERE LS N THURE . TSR, REACEEH 2
TFHCGEET BT E (P2020-019) igﬁ[l—ﬂ L TH, ABAQUS BROPER P AL T SR 1Y
EE/N: T W (1998-), B, Wi-HFsA: . - — o - oo e

E-mail: xuchengmode@ 163. com *ﬁ?ﬁ 1:% LFE ’ ﬁ ﬂ EES % 1:% ﬂ ﬁ 2 * ﬁzi]: i@ jt g R& IE‘I
EEEE. 2 8 (1983-), B, i, §IEeE AT AR SE bR A TR, RS A B A B

E-mail: leegui2030@ wust. edu. c¢n ’ﬁj\: E]’:] Ij] ﬁlé#z:% % s ﬁ 31z Ij] ﬁ% %‘% %ﬁ M ﬁ: {k}F E;E



258 B

kO OR

548 4

SEL, PRI, ABAQUS #ft oy H P 44t T ek H 5
AW I T HMFR) P 0, DU R e T
PRI Horp UMAT 7257 /£ FORTRAN
WO T2 X ABAQUS B4 v KA 55 ) 18k
KRR DT $ i R B R FH Y BB RD 2 3 1, B
AU BN IZ N

EGE TR RS, BILkER R CEZ, Fln,
Zhang S L 26090 7] Newton-Raphson R IEHRE T
UMAT 27 LR AR PR R 8, BF9E T Tresca
b 4 D0 A 0L 3000 4 T B A TR R Y FH . Lin W C
F1 Chen B K %10 38 33 >R FH s BRRE R ) Ry R
B S AR B S A UMAT £ &), LAl
AA3104-H19 f8 & & MIRAN H IS

R Y R aE H 33 S AR X R IR R A
KA, T H EDA TS AR B R B Z SRASY
PRI, AR SO A B W B 32 AR DT 2 M 3 1 A
U B AR AT T X gy, XX TR
LA BRITIM R, anfar e HOGX P AP AL oA
BRI,

1 3R 2 Jo] R oy 5K R 07 oK

X T IRH AR LA R, — e flt kAR 1 ik
KARARZME T R, AR AEAVEOT A o (a) Nt
(1) B,

o(a)=R(a) -G=0 1 R(a)=G (1)
K, a HEESRIEMARAINE; R(a) Ha WIELK
PER R G AL T a FE A

TELM RS R AR = A BRI, a i
VR R, G N S R, 2T AT
KA, A RIESE T LU PRIRR AL
1.1 ERIEE

i W BE TR SR A A e A T 2 20 Ay T ) —
Bk, ERIEL M REAX (1) TsE X
(2) s,

H(a)a=G i, H(a)a =R(a) (2)
K. H(a) R nxn (FERE, HITEN a BREL,
HVEAR i BT
(1) FRBGE 1 DHIRTE.,
a=av (3)

(2) BzPbhEs AL Rt (2)

RIA] A5 3 — ekt S 1 UG
aV=[H(a")]"'G (4)

(3) EELHE (2), &2 WRIEAIHHE RIS

BN n YR .

a"=[H(@"")]"'G (5)

(4) 5 | @' —a"" |15 BRARE R 22 AR
AR ER, R H AR A AN AR R, I 4k2k
EA, N B R Al U R A B, RO
B2 (n-1) VORIREBOEMH(a"") K
Wi P, TR I — R, SR R R RO
FF—WIEAR, ke ZFEAAX (6) Kif
a'VIEIER Aa'

Aa" = [H(a®)]"'[G-H(a")G"] (6)

A G 1 YR AR AR A AT ) A
G CIEGE

a(2>=a(1) +Aa(1> (7>

PREERACRIPT AR BN n T AR 1) &, N
=X (8) Fimx:
Aa" "V =[H(a”)] '[G-H(a""")G" "]
(8)
a™ =a™" + Ag"V (9)
Lh. GV R (n-1) YCGEAAY IR 2L AT )

=
H, n=2,

BEENHEELTE (4) BERAGEIRZEZMMIE,
1.2 YI&RNIEZX

AT VLR W B R AR et B, H S
NI BE I XA T . B RED BT )2 W2 AR
IHRRER, HAEAKRFERIT .

LAFEN T n YOI o', HIEF e(a'™) #
0, Hik, A THREIE—LWELM ", "k
e(a™" ) FoRN a'™ AR EA M T I 2 )
=, B

. d (n)
ﬂwMW=wwM+(£)AW” (10)

i d (n)
iﬁ%awWww+Mw;hﬂ W n R
a

(n) (n)
e, ($2) = () =)
st (10) AL
a2 [H(a")] p(a) =
- [H(a")] " [R(a™) - G] =
[H(a")]"'[G-R(a")] (11)
TR (7) (URAE BTSRRI B, PR,
o LRI, BV R, i
il BT I



52 4

VEOREE W EE A MIZR I BE A A < T A e R 0 b ) B 259

2 LIS PHOREROHL B 1 R

ARBFFEH T AATOT5-T6 554 4 b ik AL iy
RAFECASCER [11], &1 FrR, alRE bR I B
50 mm. TEREECN 20 mm. BJE N 2 mm, Yang Z Y
2 UUNE AAT075-T6 48 A AR UEAT T A TR] 7 ) A
PLRSCYs, 1550 A TRE Y 7 - TR N AR il £k n & 2
B .

T
) S -
R20
190

BT B A S ) IR R T

Fig. 1 Specimen sizes for uniaxial tensile test
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Fig. 2 Engineering stress-engineering strain curves in

different directions
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Table 1 Design schemes of simulation text
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Table 2 Material parameters of AA7075-T6 aluminum alloy

in consititutive model
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Fig. 3 Finite element mesh models
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Table 4 Calculated results of two algorithms under

different increment steps
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calculated by constant stiffness method
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Table 5 Calculated results of two algorithms under

different mesh element sizes
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