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Table 1 The comparison between the iterative processes under different methods

w=40Crad;s

P=1200MPa
inner radius r=0.08m
outer radius & =90,23m

LDSTEP=6 LDSTEP=4
method TNI iterative process TNI iterative process
e ep ep ep p e ep ep p
PD-TSM 18 1 1 4 4 4 4 24 1 14 4 5
(23)  (51) (115) (140) (23) (68) (140)
e e ep ep p e e ep P
PI-TSM 66 1 1 5 6 12 41 71 1 16 6 48
(23) (51) (112) (140) (23) (67) (140)
e ep ep ep p e ep ep p
CTSM 18 1 1 4 4 4 4 14 1 5 4 4
(23) (51 (110) (140) (23)  (68)  (140)

% 2 FHFHEMAREILLR

Table 2 The comparison between CPU times under different methods

LDSTEP=6 LDSTEP=4

method | CTSM | PI-TSM | PD-TSM | CTSM | PI-TSM | PD-TSM

t(s) 1260 4440.01 1440.43 1380.26 | 4620.22 1620.21
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Table 3 The comparison between the stresses of the 1st element

LDSTEP=6 LDSTEP=4
IES | PD-TSM | PI-TSM CTSM PD-TSM | PI-TSM CTSM
1 -1133.91 -1140.63 | -1140.50 | -1120.30 | -1141.97 | -1142.51
2 -934.17 -939.18 -939.11 -933.35 ~940.36 -940.98
3 -1045.44 | -1054.22 | -1054.10 | -1045.71 | -1055.74 | —-1054.61
4 -1046.96 | -1053.56 | —1053.43 | -1047.12 | —-1055.09 | -1053.98
5 -1074.00 | -1073.95 | -1073.90 | -1080.65 | —-1074.02 | —-1073.21
6 -1075.35 | -1075.98 | -1075.91 | -1081.94 | -1076.32 | -1075.79
7 -1122.76 | —-1119.78 | -1119.72 | -1124.20 | -1119.46 | -1120.34
8 -1121.54 | -1120.18 | -1120.13 | -1123.15 | -1119.91 | -1120.85
9 -1127.91 | -1122.96 | -1122.92 { -1131.74 | -1122.32 | -1123.14
10 -1125.41 -1121.72 | -1121.67 | -1129.69 ([ -1121.12 | -1121.99
11 -907.63 -913.15 -913.11 —898.84 -914.38 -915.14
12 -905.72 -911.34 -911.29 —897.31 -912.65 -913.49
13 -919.32 -920.64 -920.60 -914.97 -921.48 -922.39
14 -917.16 -918.73 -918.68 -916.82 -919.58 -920.49

&4 F+H8Rx - HEAEHE (MPa) LEE

Table 4 The comparison between the stresses in x direction of the 10th element

LDSTEP=6 LDSTEP=4
IES | PD-TSM | PI-TSM | CTSM | PD-TSM | PI-TSM [ CTSM
1 827.69 831.43 831.42 | 828.19 832.24 832.37
2 844.39 848.02 848.01 844.94 848.79 848.92
3 829.35 831.91 831.90 | 828.52 832.69 832.82
4 828.89 829.92 829.91 | 827.00 830.73 830.33
5 836.69 839.32 839.30 | 836.17 840.12 £40 24
6 836.59 839.13 839.11 836.08 836.92 840.05
7 820.89 824.59 824.57 ' 820.97 825.3¢8 825.51
8 819.32 823.56 ©23.55 | 820.80 §24.37 3Z4.50
9 820.07 £€24.12 22t ]l 820 82 b 825.92 825.05
10 515.87 823.51 823.30 | 820.47 824.11 824.25
11 28.67 841.58 841.57 838.40 842.34 842.47
12 835.04 838.91 838.89 836.21 839.68 839.80
13 838.30 841.48 841.47 | 838.36 842.24 842.38
14 834.15 838.90 838.89 | 836.14 839.67 839.80
% 5 PD-TSM HEEMKEHRBE (MPa)
Table 5 Stress drifts at the Gaussian points of PD-TSM
LDSTEP=6 LDSTEP=4
IES | NT=1 | NT=5 [ NT=10 [ NT=1 | NT=5 | NT=10

1 22.89 4.432 1.448 21.99 4.163 1.446

2 15.59 3.588 1.239 14.86 2.818 1.236

3 19.09 3.643 1.343 18.37 2.926 1.359

4 19.12 4.082 1.296 18.42 4.057 1.316

5 19.10 3.897 1.339 18.37 3.511 1.337

6 19.27 4.113 1.340 18.56 3.652 1.337

7 22.67 4.043 1.426 21.97 3.969 1.454

8 22.62 4.202 1.417 21.72 4.113 1.429

9 22.89 4.203 1.420 22.14 3.907 1.453

10 22.75 4.451 1.410 21.87 4.332 1.429

11 15.66 3.299 1.270 14.82 2.529 1.270

12 15.65 3.873 1.186 14.96 3.768 1.212

13 15.75 3.371 1.263 14.91 2.521 1.268

14 15.91 3.829 1.186 15.25 3.595 1.213
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PR, HWHERE; T PD-TSM NAR, ©@#GATIRERR, HRATNAES
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CONSISTENT TANGENT STIFFNESS METHOD
AND ITS APPLICATION TO THREE-DIMENSIONAL
ELASTOPLASTIC FINITE ELEMENT ANALYSIS

Xing Yufeng
(The Solid Mechanics Research Center,
Beijing Universily of Aeronautics and Astronautics, Beijing 100083, China )

Qian Lingxi
(Research Institute of Engineering Mechanics,
Dalian University of Technology, Dalian 116023, China )

Abstract A method, called the Consistent Tangent Stiffness Method(CTSM), is
proposed in this paper. We apply CTSM to the solution of three-dimensional elastoplas-
tic problems. The method satisfies the complementary criteria of loading and unloading,
and furthermore it is characterized by the advantages of preserving the asymptotic rate
of quadratic convergency, consuming less computational time, holding the first order ac-
curacy and unconditional stability. The problems of slow converzence and low zrcuracy,
which have existed all along in the increment-iterative elastoplastic finice element znalysis,
have been solved. By the numerical experiments, the accuracy, the rate of convergence and
the amount of computation of CI'SM have been compared with those of classical tangent

stiffness method (both path-dependent and path-independent update procedures).

Key words consistent tangent stiffness, elastoplastic finite elements, stress drifts,

complementary criteria, increment-iterative



