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Abstract

Powder metallurgy is a process in which various types of materials and products
are prepared by forming and sintering from metallic powder or mixed powder
(metallic powder mixed with non-metallic powder). Compacting is an important step
in powder metallurgy production.The traditional process design of compacting mainly
adopts the "experiential trial and error method", which has a long design cycle and
high cost. Therefore, it is an inevitable trend to introduce computer simulation
technology into the powder compacting process.In this thesis, the process of powder
forming is simulated by computer. As a supplement, the process of spark plasma
sintering (SPS) is also simulated.

This thesis summarizes two ways of modeling powder forming at present, and
introduces in detail the mechanical models and related theories involved in each way.
The difficulties in numerical simulation of powder forming were analyzed on the basis
of summarizing the research status of various ways of modeling powder forming at
home and abroad. It is determined that the modeling approach adopted in this thesis is
based on the micromechanical method of densely packed spherical particles.

The applications of main simulation software (Abaqus, MSC.Marc, ANSYS,
DEFORM) in powder forming were reviewed.Through the comprehensive comparison
of four simulation software, the optimal simulation software for this study is selected
as Abaqus.

Given that Abaqus software provides users with Abaqus script interface. In this
study, the generation principle of dense packing spherical particle model was
proposed, and Python script was written to realize the establishment of random
distribution three-dimensional dense packing spherical particle model.

The finite element analysis software Abaqus was used to simulate the powder
compaction process on a microscopic scale. The accumulation behavior of randomly
distributed three-dimensional dense spheres of loose powder particles was studied.
The friction coefficient and compression method were discussed. The influence law of
density of embryos, The effects of friction coefficient and pressing method (one-way
suppress, two-way double punch pressing) on powder accumulation behavior and
density of pressed embryo were discussed. The simulation results show that the

essence of powder material accumulation is to reduce porosity and increase density.
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The powder stacking process can be divided into two stages :(1) the powder particles
have displacement and elastic deformation;(2) plastic deformation of powder particles
due to extrusion. The method of bidirectional pressing and lower friction coefficient
are beneficial to the uniformity of the blank density. This conclusion has certain
guiding significance to the research of powder compaction forming theory.

Spark Plasma Sintering (SPS) is a new rapid sintering technology developed in
recent years. From the perspective of simulation, SPS simulation involves temperature
field, electric field and displacement field at the same time, and the simulation
process is very complex. As a supplement, this paper established a multi-field
coupling model with electric field, temperature field and displacement field by using
the finite element analysis software Abaqus 6.14, SPS simulation was conducted for
the core parts of the sintering system, and the discharge plasma sintering process of
conductive powder and non-conductive powder was compared. The simulation results
show that : (1) the highest temperature at the final state of sintering is located at the
position where the pressure head contacts the mold, the lowest temperature is located
at the upper surface of the upper electrode and the lower surface of the lower
electrode, and the other parts are between the two. (2) the heating rate of conductive
powder materials is faster than that of non-conductive powder materials, but the
temperature distribution of non-conductive powder materials is more uniform than

that of conductive powder materials.

Keywords: Python Secondary Development; Random Distribution; Abaqus;

Micromechanical Method; Powder Compacting; Spark Plasma Sintering
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2.3.1.3 SIEREE

5 FH 17 BR) B 6 1% M i) U AT SR AN, o VR A T e — AN B A i B 0 B A
FIEML R ERMK 5 — AW, FEEBOK, BBk, W Z Rk ek
#, MAaXExRN:

f, =—aS (2.30)

AP o R T SERREMANZERFEE; NSORTEMISFE
Ji A I o

T A7 (o ) B WU 7 55 B ade BRI B iz IR A4, UE I D e SR 5, 3
R 2 P AR T 550 SRR 1 A E 1k o

2.3.2 EEIMKAIE

m%@ﬁw%#ﬁﬁ% W R BB Z R, BRI R, M
B R%E, CF BB H e O B2 S B A I A il . B B oG F R
Mﬁﬁmﬁm%mﬂa%pm%m@fﬁﬁ%mi,m%m& 52 I\ R il 3R T
;AR R AL A BT A U 1) B 779 B B — I FE . EAFE 2 Bl (1) FE 48 (Coulomb)
FEBERERL; (2)BT V) EEHE
2.3.2.1 Ef(Coulomb)EE{E %5

TR SR BB B B R % (1) BE 5 AR B 2 A8 (Coulomb) JBE #8155 7 .

O, S—uo,t (2.31)

Ao, KRV (BN JT: o, RAREMT FOE R R s p R R R AL
t 3R 7 YI) Ta) A ) B (67 T AR G i Bl R T 1 1)

t=|:j—’| (2.32)

v, RoR MR B3 A
28323 1) A It R] B R S 0 i B A
<l (2.33)
X fRREY s f, Rom B AFER T
% 18 B RORLAE K A BT 1 12 24 vp 23 R AR A 0 AR /) 5506 AH G T T ) SR AR
KRAEZRWBE O, FEACRS K AR A 2GS LRGN, AR — MG
DU AR R o T BT B BE B D0 W K /INFL T ) R AR R AR T B FEANAS SE - Kobayashi
SEH TABIE I R A EE AT
0, <-UOo, ;arctan(| |J (2.34)

2 v AR B Az I 45 ik 4% Ta) F) s 57 A X 3
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2.3.2.2 ST EER

JE A& (Coulomb) /B8 #5458 7 3 ] - 5 fpk /7 B3 3% ) 2 0 A RO I e » AR 22 5256

T DL N A 6 R Y 2 1 BY N 7 0 B A R R iR o N 10 JBE 4R IS 0 K T A R 2 B

T3 8 RN T )1 DL o Sk T BT N A7 1) JBE AR 2 i A4S (Coulomb) BE 45 45 A 1)
ANTR] 2 AR AE T AT R B 45 N A R S5 B N T )

c, _—m%t (2.35)

A, m RN B ) BEERE R G B R o RN
ﬁ%@ﬁ%ﬁ%%%ﬁ,%ﬂ@ﬁ@%k&m%&ﬁﬂ@ﬁﬁﬁ%%ﬁﬁ:

V.|,
0, < \/_ ﬁarctan( (2.36)

AR A BRI OISR, WA AR TARF S M R e . & R
SE A AR 38 G FE A S5 ] 1 I 1 T 92 B T AR A IR I S R A B, BIIAY
)1 N IE B FE, AR A A R AL . ERRUE], R A
DI JJAEAE 2 A AR B B R 5 A . BRI A 1R 2 BEE 2% 5 1 AR 4R 1 R
SEHE . (EAR 2 B R AR A A A R IR R g, A AR AR AR I s
R gRAF, IFRBRA T N T R R R SE B 1]
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F=F Python ZAXAFELER=-HZXETKHEFIER

3.1 Python &4t

Python & & @i 372 F 20 {42 90 44X, 2 H Guido van Rossum FF & [ — Fft Jil A
RBERET, AERS, KM 20 REM K, Python i 5 T & Fr A 1 ]
WL S HYERRT G M COAR BN 25 At T S U AR R AN A R 2R A s AR Y
HEZ

Python & 5 w2 T 2 A )\ KHFE : 1 17 XF 5 V£ (object-oriented) - & ¥ 4 (easy)
{8t % (powerful) 7] § J& £ (extension) 3 #& P (dynamic)« N B 1) £ 95 45 #4 (built-in
data structure). 5 °F & 4 (cross-platform). 5% (type coercion). T [ 43 7 %f J\
KR AIE £ 87 22 ) 9 4

(1)1 1) %F 5 14 (object-oriented) : A% BT J& K12 7 A0 &5 84 B v JEH & 4%, 11 Python
AR 58 (1) T ) 5 SRR A A2 O T R I — ) B T AR ) B SR UL & Python WE F
R PSS M Bt I A2 S Ryl B TR R I RK OSSR B REDN
JLE, SRR R AR R R ) B A, 1k FRATT R s B BTt g B R A
[F AT L L A G R U 7 FH—FE T (.

(2) 4] 5% (easy): Python & S AN HEWMIEIE SR A A EFHF i, &
F 2 Ay Python 1 & 1M 9 5 A + 70 6] B AN TEAY , 53 40 & Ok B 5 1 £ & A LB L
i g FEIE 5 R UL EL D o Be i Python 1 5 HEAT AR 2 E1) 1) 5 2O I8 i 2 A% B
FHFATSE B, M CiES IS begin. and. ()ZArid, P& XL Python &5
) ] B v T 2 .

()M 1 (powerful): EREFIETEEF UHRMNAEE ERRZ FEHENL,
b 7 A% 7 3 B8 7 1 () R R BUOK /NS 7 TH B R 2 S EURE R, X i et 7R
SR R H B ) HL T R 4R B A S 1 07 V5 . T Python 35 F A AEOH: PR AR I AE 2 R
A X PR 98 K AL B e B S OLR K I BE S . AR P I R WA Ol b as AT I,
Python fE 8 T I8 & i 21 85 10 067 B 1 52 th BA S0 & 2% 0 g U0H B 3RATT A o 1)
.

(4) "] ¥ J& 1k (extension): Python i 5 B N E M AT R IEE N N R Z &k A
TR “IKIES 7. AT %, Python i s MM Z CIES, WA CiBES MK
A Python 55, HIIHEATTLAFIAH CiE T RKY 7 Python 55T, W T EH IR
ATy e Al B AR 1S BN SR K 0 Python — ¢RI & AT LA B4R 22 %k S 3 37 1) Tl R
Bl Python W FEEFTUIH Y &, AU EDT B, E&KIEF K.

(5)3) 7 1 (dynamic): JavaScript F1 Perl 55 % F£ 15 5 76 0] 22 81 48 & I ¥ A8 75 2
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BEAT BB A B, T R BRI B 7 A T UG 6 i . 7E Python 1E
HrA w O @7 AL RN, KR ERAEf . IR S TEN R, B Python
e P RN WIEE S

(6) N B [ B 45 45 #4 (built-in data structure): X T4 — M mFEIE S RUL, A
B AR AR R P E L R 2 — o M AE Python 15 & Ut Z M A
B AR AT A, BB ECE W E It A (tuple) . B1 3K (list) . T S
(dictionary). J¥ %l (sequence) MY, FRATAT LUR] A3 L8 N B 2 48 45 04 = R0F 7 1
A RSCRT E BEERAT T 7 I s 2R Ak B el AL RE e st B H .

(75 *F & 1k (cross-platform): Python & 5 % 5 A0S I — Fl i 4E ~F & 3% 4 21
Ty MR AE - G AN TR BN AR AR 2 ) BE AR N G 3 2 JE R DU AS SR, XA
Python ifi & %i 5 AR 7] LLSRILAE 2 °F & b 9 5 10 AN AR R T JE Fh 51— ) 4R
W &%

(8) 5@ A (type coercion): fERN—FhsEKAIET, 7£ Python i 5 {4 1F1E
BB R —— XN KR, PythoniBE 5 HiH N AL EEHENHSEA
MEHBE AR, MRAER —RELX P HI TP E 2 2 A R SRR A&,
P B AR B AL o AT SR T A

3.2 Python ZXRFALXEBRTEMUPHIEX

AR ITIE, AEN A A — g o By e i v AT, MRS AR
— RIE M FE R 7E 20 4 60 A, 4B Ray W. Clough #U 4% 75 4th & 3R ) S &
{ The Finite Element in Plane Stress Analysis) " &5 — K32 H T H R ¥ ok X Ff—
MES . MWL, XTSI 3w KR, K14 MR Juik & J7 it 3¢
MHGE W Z B A, BOREZ . AR S oyk 0 98 32 S @ ST AR T R
X IH 7 M€ on . oot SR E. LR FMAMAEE. A
(ST o v N i

bE & A PR TR B I AN B R R A S8 3, VF 2 BTN O 3 AR RS DAA H
A PR IR AR I 1 A D AR 22 R HE 1 AR S B el A, (HOHL BB N ik B T AE MY
FEO, A E A, SR TAEE W R TIRKM NI & T BRI R
R, N6 23 v AL v R0 A M ok B ol — BT TAE, T 2% HE
TAENRTERITR TIRZ A R THAE, R £ I 3E 52 2% 1) 5 8 i 3 3k b B 3
BHEHRMBUEB &SBERPER . 45 FAEWC I RIEN H AR B ENH
FR 77t B AF A AR 2, A2 AT A #4019 = 2245 Abaqus. ANSYS. Nastran. ADINA
MSC. Marc &5, H &4 KA R Jc 0 ik 2 — 3t & Abaqus.

VB At s N B 2 16— 30CF BR Jo 20 A 3 AF . Abaqus DL 58K (1) T g
ERRT M, JCH A R ARG R E R AR W (B H T S D R I
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ANRETH R BRI A & E, O TR B RS TR DR AT VR S I ), X A R
A4 Abaqus FH 0 At 23 B B B A R o — R0 B 2 e B IR IR I — ROT K
F2 0. Abaqus 25 H P H2 4 7 7 72 /5 4 1 (User Surbroutine) fl Abaqus JHl 4% 4% I
(Abaqus Scripting Interface) P # 4% 1 . H 7 Abaqus Il A #2 1 5t & 8 i | Python
5 AT A g 5 T SE I E 1) D e I T K o 2E T Python 15 & I IR IF K AT LA H
T HATEEA CAE 73 7 1 Bir A B B ok 35 Bl FRATT PR ek Sz 3L 57 1 P R S 30 A0 AN g 5 3
P IIRE . 1E Abaqus 314 H HLHY B A5 th i 2 % & bRl 24 1) Python — X & i@
WHTSRMLL TR BT EEARS: #1738t GIENBSEE: 1)
V] %y H BB BE (ODB 3CAH); 5 il Abaqus MR85 3CF; G Abaqus J £F 72 7

L IATEH Abaqus A HEAT A R oo A i, B A SR Dh g ) Sk I Y 2 i
Abaqus 1 N 1% (Kernel) X} HH Python i 5 4 5 1M 5 1y 2 JEAT BB SO, PR 3t
T ) fg 15 B AR 0T B R AR . PR — AN S8 B CAE 23 M 3 7% 75 AT 38 o Xt
Python B A (14 5 SE I . — 3 Z [AI (A5 0 R AT HH & 3.1 Rowe

M 3.1 H A 51 Abaqus/CAE AT iy 4 (command) 1 77 :XH 3 #, GFE 7KL
F 7 FHIRN(GUI) AH B #8458 i Ja m o iE B 4% B B 3 A8 iR A i & dn & R & 1
N BRG G 2 J5 S enter HEIIB T A EH #4905 Python A . {H AL & R EULL E
e dp 7 50, #HFEL W Python EBE /XN A #H TR EE A fkiEw st 2
Abaqus/CAE, Abaqus/CAE 2= H B R ¥5 % 12 (1) iy 4 24E O B [ input SCAF f5 k4% &
i B U 2R il 2 PR A Sk, 5 BJE {8 W] LAZE ODB U A H i AT FATT 75 221
JE R BRERAE S BIA N = B BhiE ., X-Y #i 2k

o= — Abaqus/CAE-------------mememmn
1K 2 3 ‘
il Gul fAFED A

H (CLD)

Abaqus/Standard
Abaqus/Explicit

|

| oosun \

3.1 Abaqus BR[O 5 Abaqus/CAE BIBIEX &

3.3 Python Z)X FF & 7£ Abaqus F IR A
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=N TR S R R IR 2 ) R AR IR R R 2 b S 4
A =452 SRR B S5 F 5 B € PR OF R . Gl R X R AE o 2 X S B
AN E R, AT LS I 2 B A IR e R IR S A oy M i A - AE BB H E N 2R,
B0 A SR JE AL B AR R e AL B AR 5 B R S Al Aok, S B T R AN AU
Kb BEAE P (V0T 5 AR R =2 A 78 1 R AT A AR ER K D RER . VAT RO B 4
TREBTE AT R I R AR

=2 BRI K SRR R R B J 22 @ i Python 1 5 %% 5 X Abaqus i
7T 20O R, SEBL T g ARLRE B s M e o IR T R T IR P B, A Al L
WP H W FH RIS BB EMEB T ZE % S R ai Ak CAD
BERL, itk 1 o 3T BA R Tl 5 14 72 Abaqus I A S THI A4 22 1) 28 BN IR X B34,

ORI B TR 5% 1) 5K SC 36 8 3 % Python 16 5 M4 5 SE B T &8 45/ 1 S 44k
IR AT SR, A R AR Rk, PR R i AR AN AR, I B
B A TE R LB, #E T AR IE RN I R AR TE b, BRAR T A A AT [A]
A, i TRESE bR A7 B —E 48 3 8 LB,

P 25 LR K 2 1 2B 54 538 1k Python 15 & a FE, RN UG #od= Bt H| 7] #F
BEAT AL AL B, 45 SN S BOLYe IR, 3k T v 0 I A ) 0 L A AR AR
JREE, AL TR ROTE, AR R T E D RS U J A S E N
}E[[:f)j’[36]o

P B R 52 1 R 5 S A IR e A & RO R BR UL 2 8 KT M
DA HE, G 1] 35 A0 S R S AR R R B R G R S AT I S A R L RS Ay AT A B
JIEE G M A A S I e A R ) R S B R RS B R A B 7 A 0 5 A BT

V4 22 5 SR B K 5 B B )BT T B HE S 45 449 A ] Python 15 5 X Abaqus
7T ROF R, BRI BT 2k T Abaqus FIMEZRSE M LTHTF &, £ TG B sk
DS H AN B . AN BIR IS A &S5 D RERY.

B Tl K5 [ 2138 55 N Python — T T2 B BT X6 25 A) W] Jie 5365 &5 4
SRR T@EY 7T B, REKIH RS, Ao biEdZz 25k E
JURTANAT KL 2 B BB AT MR J1 22 MR RE 0 M, AN 7 A IR o i 80 ) A AR 4T S A
AN Il 73 55 B T AR,

AEEHEHIR KZERFE . RERE AN Python “IRIF K THIF R T M E
B PREIE T AR T U A0 A2 B ) DR A e AR B Y, AR RE A BT R T N b
BEAROKE. 5. BREE. JZEAEZFE, AR BRI
F o RA R S Rk B 1) ISR R BB 1) 1% € 55 2 AT Bt et .. AR R T
15 20 10 5 B R A B AR AR 5 3R 45 R 1R Z2 /D T 10%,  1IE B %A F Al AT 100,

MR R IBRER . iz, 2BHFE, FEE. Kl = kIr
RAT B E LR RE B 3o A B, AE ORAUE Bk B RGBT
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AT Z AT IR, VR SR T E S AL S 00 bR VA A R R 1R
5 A,

3.4 BEMERIKFBRAIRE B E o R I8

15 E BEAE R T8 = 4 HR T80 X I R N A PR A RS R R R R BUORL . BRI By oK
WKL B BR O AR BR N (x,y,2), Python ZEALSLE TR .

F N\ Python ] random #EH & SLER O AL FR B K [(x,y,2)], FF & LR RSTBRIE Ky
RBKL A2 N R, -

T 7€ BEAL A B (x,y,z) ) = 4E RO X Iy [l . o7 v — K5k, XL Y. Z
NEFTEPIK. % &, x=random.uniform(-50,50)fXK K F &K KA 100, BIFT
B A R ER O AL AR 1) x B 7E T Y0 B (-50,50) N FENLAE B, [FIRETERE L Y Z 11
BEATL P30 B o X RS AT DL R AIE B8 AL AE R T A R K R UKL 1R 3R 0 AR A AL T 1
KITEN

FIWT A2 9 R B3RO AR BR (x,y,2) A &1 . 9 7 ERIE T A 42 8 R I 3RE
RKBRALIA K EHS, FEKRIFEZWABROAIRZ A A/NT 2R, B

)(X-xi)2 +(y-v, P +(z-2, 0 2 2R o 5 A B AR AR (x,y,2) 35 & 251, U in 3 Al

PRBIZR ., 75 0 55 57 4K S5 34 B 258 B i ZOR AR bR B R
5B XN ST B ERTE R R BRI - 20 R, (R, < R)), SREEAHT 10112 R, 1)
BRCAA KR, RIFEN T ORUE BT A3 28 BB R BORL 2 B AN R AR &, /5 EARIEEE W

AR AR 2 BB B R T (R4 R)s B JGcox, f 4 (y -y, + ez 2(R +R,).

B2 B0 AT (o) R DL VR I AR 5 I, 7 D) i 3 4k 1R R B
35 ) T B2 R A A

¥ 585 05 0SB DG 38 T A R KRS BRI BORL /N R R SR (1) A A 51 2 £
SR 42 45 AR N O 450 4 01 A A0 47 BV AT 2 OB 2 RS 11 = 4 5 S Bk LA
B A IR
3.5 BEHRKE M AEE Python I R RS
3.5.1 FERLAIRPython I KK R S

# -* - coding:UTF-8 -*-

import random #F NBEALA B R 7 #
xyz = [(0,0,0)] #1f 5E xyz BAL AR R S

25
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num = 0
dis_list=[]
R1 =4

def func(x, y, z, x 1,y 1, Z 1):
return
pow((x-x_1)**2+(y-y i)**2+(z-z_i)**
2,0.5)
while True:
if num == 100: break
x = random.uniform(-45,45)
y = random.uniform(-40,40)

z = random.uniform(-50,50)

dis_list = [func(x, y, z, x i, y i,
z i) for x i,y i, z iin xyz]
if min(dis_list) < float(2*R1):
continue
else:

xyz.append((x,y,z))

num = num + 1

print(len(xyz))
numl =0
dis_list1=[]
R2=2

def func(x, y, z, x 1,y 1, z 1):
return
pow((x-x_1)**2+(y-y i)**2+(z-z_i)**
2,0.5)
while True:
if num1 == 100:
break

26

#45 num (RO RAE N 0

#75 A list

#1211 IRIE N 4

#E X PR EL func: SR A Z AR E .

#while ¥, HAE, FFHIER
#if 25 AFEA) . EHILE SAE 100 DL
#if W5 AW R AL, IR

#x MHBUEE B (-45,45)

#y FIEUEE Y (-40,40)

#z NHUEVEE Y (-50,50)

X B ATLAE B R DR AT B list 204

U A S R RN T E AR S
ik

#R T S TR0, 0% A AL bR B
W Ao 1

#51 H xyz B A

#If1 E xyz BIAR AR SR A

#7 WACAL listl

#25 num (RO BAEA 0

#E PR EL func: SR A2 AR E .

#while 163, HANE, JFIBTEIF
#f S5 R) . FHIAE S E 100 DL
#f 5 A RS, NEE HY
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x = random.uniform(-45,45)

y = random.uniform(-40,40)

z = random.uniform(-50,50)
dis_listl = [func(x, y, z, x 1,y 1, Z 1)

for x i,y i, z iin xyz]

if min(dis_listl) < float(R1+R2):
continue
else:

xyz.append((X,y,z))

numl = numl + 1

print(len(xyz))

XYZ 1 = xyz[0:num+2]
XYZ 2 = xyz[numl+2::]

#x HHUE G B (-45,45)
#y FIHUE TS FE Y (-40,40)
#z BUEVEE Y (-50,50)
HI BE AL B RUORAE B list 204

#R T BRI AR I, A0 sk R AR B H.
e S Ao 1

3.5.2 KL R SLAR4E B Python I KO 4R B

#!/user/bin/python

# -* - coding:UTF-8 -*-
import time

from random import*

from abaqus import*

from abaqusConstants import *
import assembly

import math

import displayGroupMdbToolset as

dgm

start_time =time.clock()
x0 =100

y0 =100

z0 = 100

vif=0.6

n = 440

R1 =28

R2=4

27

#5 NIF [H] 0 A5 B

#5 NFH ML AE B S P

#5 N ABAQUS #

#5 N ABAQUS i1 J 4% 1 i B
S PANE W S

#F N R

#5 N 78 mbd 21 15 B

#IT 05

#25 xo IAE N 100
#25 yo IAE N 100
#45 zo TRAE A 100

#442 R1 N 8
#F12 R2 N 4
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Mdb()

s=mdb.models['Model-1'].Constrained

Sketch(name='__profile ', #A
sheetSize=8*max(x0,y0,z0))

s.rectangle(point1=(0.0, 0.0), #0122 — > 100X100 [ 45 T2
point2=(x0, y0))

p=mdb.models['Model-1'].Part(name=" #i3t N\ part Bt

Part-base', dimensionality=THREE D,
type=DEFORMABLE_BODY)
p=mdb.models['Model-1'].parts['Part-b
ase']
p.BaseSolidExtrude(sketch=s, #H A — > 100X100X100 )37 75 14
depth=z0)
del
mdb.models['Model-1'].sketches[' _pr R BB e R
ofile ']
SEdLd gy p LR

sl=mdb.models['Model-1'].Constraine

dSketch(name='__ profile ', #AL) g S bt A A ] o
sheetSize=10*R1)

s1.ConstructionLine(point1=(0.0, -R1),

point2=(0.0, R1)) #iH — 2% ELZG PR N rl N E4

sl.ArcByCenterEnds(center=(0.0, 0.0),

point1=(0.0, R1), point2=(0.0, -R1),

direction=CLOCKWISE)

s1.Line(point1=(0.0, R1), point2=(0.0, #I9 RZ [H) ] — 2% B4

-R1))

p=mdb.models['Model-1'].Part(name="' #4357 4 7 'Part-base', %P = 4E Sk
Part-s', dimensionality=THREE_D, H#A) 2 A A

type=DEFORMABLE BODY)
p=mdb.models['Model-1'].parts['Part-s']
p.BaseSolidRevolve(sketch=s1,angle= #UL i A HR O e e R BR
360.0, flipRevolveDirection=OFF)

28
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delmdb.models['Model-1'].sketches['

profile ']
al=mdb.models['Model-1'].rootAssem
bly

al.DatumCsysByDefault(CARTESIA)
p=mdb.models['Model-1'].parts['Part-s']
al.Instance(name='Part-s-2', part=p,
dependent=0ON)
al.translate(instanceList=('Part-s-2', ),
vector=(XYZ_1[0][0],XYZ_1[0][1],
XYZ_1[0][2]))
ins_oldname='Part-s-2'
B e e
for i in range(1,len(XYZ_1)):
p_particles='Part-s'+str(i+1)
ins_name='Part-s'+str(i+1)+'-1"
ps=mdb.models['Model-1'].parts['Part-
s']
al.Instance('Part-s-1', part=ps,
dependent=0ON)
al.translate(instanceList=('Part-s-1', ),
vector=(XYZ _1[i][0],XYZ_1[1][1],
XYZ_1[il[2]))
al=mdb.models['Model-1'].rootAssem
bly
al.InstanceFromBooleanMerge(name=
p_particles,
instances=(al.instances['Part-s-1'],
al.instances[ins_oldname], ),
keepIntersections=ON,
originallnstances=DELETE,
domain=GEOMETRY)
ins_oldname=ins_name
for i in range(1,len(XYZ 1)-1):
p_del="Part-s'+str(i+1)

29

HRE T R0 — A Bk 1 3 R RE SN R AR

#IE AR SR R P A Bk

#1H F 'Part-s' B A= fl BR A B
#Part-s-2 SEAARAL,.

#HIFEAT AL FE

HEL R AL iy 44

HIHHHHHHHHHHHHHHE

#for 1 5 R 2 I/ - 45 B A1 A B
#okE i —

H R AL iy 44

#33E N 'Part-s'fii B

#L AR AL
#17 ¥

HE R R

#3H 1T for 16 M4 B A ERRE SO bR 2L
N



ARG G R R EHL B

delmdb.models['Model-1'"].parts[p_del]
del al.features[ins_oldname]
end time =time.clock()
print 'Run time: ', end_time-start time
S R
sl=mdb.models['Model-1'].Constraind
Sketch(name='__profile ',
sheetSize=10*R1)
s1.ConstructionLine(point1=(0.0, -R2),
point2=(0.0, R2))
sl.ArcByCenterEnds(center=(0.0, 0.0),
point1=(0.0, R2), point2=(0.0,

-R2),
direction=CLOCKWISE)
sl.Line(point1=(0.0, R2), point2=(0.0,
-R2))
p=mdb.models['Model-1'].Part(name="'
Part-b', dimensionality=THREE D,

type=DEFORMABLE_ BODY)
p=mdb.models['Model-1'].parts['Part-b
']
p.BaseSolidRevolve(sketch=sl1,
angle=360.0,
flipRevolveDirection=OFF)
delmdb.models['Model-1'].sketches['
profile ']
podiddagaiididap o pn b g iy
al=mdb.models['Model-1'].rootAssem
bly
al.DatumCsysByDefault(CARTESIAN)
p=
mdb.models['Model-1'].parts['Part-b']
al.Instance(name='Part-b-2', part=p,
dependent=0ON)

al.translate(instanceList=('Part-b-2', ),

30

#E SR PR AL

#46 HY 128 55 I 1]

#F6) Set BE Ait R E

#IE] — 2 ELZGEE B N r1 I E 2k
#LLJE R D ARG ] (5] 5

#P A 2 B — 2% ELAR

HIE V7 4 F'Part-base', &£ = 4E sS4k

#3k N\ 'Part-s'f5 B

# A5 5 D A i e R ER

HRE T IR — S BRI R 52 LN R B

HHHHHHHH
#IE AR H o5 2 S A5 B

HEE T AL R R
#1J F 'Part-s' B[l A= i B A B

H#L AR AL

#IEAT 2
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vector=(XYZ_2[0][0],XYZ_2[0][1],
XYZ_2[0][2]))

ins_oldname='Part-b-2'

for i in range(1,len(XYZ_2)): #for {8 >k 5L /N A2 BB K 1 AR K
p_particles='Part-b'+str(i+1) #ORE I —
ins_name='Part-b'+str(i+1)+'-1' SN

ps=mdb.models['Model-1'].parts['Part-

b'] #13t N\ 'Part-s'f Bt
al.Instance('Part-b-1', part=ps,

dependent=ON) N

al.translate(instanceList=('Part-b-1', ),

vector=(XYZ _2[i][0],XYZ_2[1][1],

XYZ_2[i][2])) #BEAT T2
al=mdb.models['Model-1'].rootAssem
bly

al.InstanceFromBooleanMerge(name=
p_particles,
instances=(al.instances['Part-b-1'],
al.instances[ins_oldname], ),
keeplIntersections=ON,

originallnstances=DELETE,

domain=GEOMETRY) #HE B
ins_oldname=ins_name

for i in range(1,len(XYZ_2)-1): #I8 1T for 5 PR 4 A BRAK E XN R %L
p_del="Part-b'+str(i+1) JE =
del

mdb.models['Model-1"].parts[p_del]

del al.features[ins_oldname] #iE SURE M R

end_time =time.clock()

print 'Run time: ', end_time-start time

3.6 NE /2

A FEXS Python 8 5 #EAT 1 HE AN &, 38 1 Python —IRJF KA IR ICH
U B SR S AE Abaqus R o IR T BE AL 0 Al Y = 4 R HE AR BT UKL
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ARG G R R EHL B

RS A B R B JF 40 5 T Python 1A . A Python Xt Abaqus H#EAT K FF & & 3 4E
BT BEML A A B 2 BRI = 4E 25 SR HE R RO R . AR e AR T DL 1 3.2,
Hor R RSTERTE B R BORLRL AR 9 3.6 THOK, #E T 382 s /N RT ER B ¥y AR BkE
iR 2.2 K, BUEN 620 Fi. VRS8R & Bk ECA 1002 .

a) KRT# R b) NRIT#R c) REMRK
[ 3.2 =4 B EHERTKTE BR
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EUE # K S a8 B IR 57

4.1 8|8

A B e T B ME R B JIURE 1) SWOW 77 22 D5 iR REAT A, R AT BR o5 20 i B AF
Abaqus 75 4R R b6 by 2K B s i) B Y ol A 2 AT R 40 BIF S B AL 20 AT B = 4 % 4R
ERHE AR B3Ok AR BURL G HER AT v, IR SR I BE B AR 80 TRl O s (L g I A L X sk
O[] s i) )Xot oy A S AR AT D A0 s U o P2 110 532 W LA

42 MARESRFEERTERENEL

42.1 MAREHRENES

Abaqus FAF £ XA R G A AT SRR B SR = AN B, R EARE: (DATAE
BB Qi E B 3)E e E R B

TE BT A0 FEBY B B S0 2 ZIEEAT (9 55 — 20 02 J LA A AORE AL 1) 4 57 . /E Abaqus/CAE
H A 1) Part LR AT D2 FRATTHE BE O 2 . G 45 R HIRE Y op A7 AR 1K 25 N A
FAR TN RE I S AR Ht T Part B H 77 76 (1) Part =3¢ $.. Shape ¢ #.. Feature &=
K H A Tools £ . HIAFEHE Abaqus IRA M EF K E, ILPrB Abaqus B AF 2
H &AM ERTIGE, JFHHEHEDRAET S LIAMAER TGS PCER T
S5 1) AR A N — 3K IR T 70 B 4, CAD B4 BE /7 IR b () CAD #14: (CATIA .
Solidworks. maya %)t 2 H IR K20, MAPE S FEAG 24 (DAL
] AR, g S AR A AR R RH X LU TR HE RE BN s (2) 7E Ak 3 2 0 PR R B R B AE
Abaqus/CAE (1] Assembly F5 He 1 48 & 5040 7 B kA7 36 B0 . J0 H 2 B B304 0 & 4
ZH, XA A Y BB FER

Abaqus J T fif 1 CAD #HERE T A R AIER &1, M Abaqus/CAE 6.8 R A 46,
L6 T CATIA V5 &2 B #: [1, 1% 4% 1 [F B 345 CATIA V5 R18. CATIA V5
R19. CATIA V5 R20. CATIA V5 R21 U4~ CATIA 8 A . @idizEn, HP
A LAEH 7 R 7 CATIA V5 844 4 @& ) CAD B8 5 A\ Abaqus/CAE H. H
ERHSGANTRELERFANBERZESAN 2 M5B P REE G HEk., HiE
ST AR FTFER CATIA VS ARGV LA B 5 o stp 81 iges 55 Ar #E % 20
NAE, ARG MER] LLE S N Abaqus/CAE H.

DR g AR SC AR B A [A) R 1) 7 2, 0 468 B ) He okl R0 X 1) R o), R R HERRAT
foszmg . Rk B e T A B 4.2 BT IO Sk R H B AL . A PR TR B b sk
bk BABERIN K 4 5 K.

o FESK TG 3 AR B AR CATIA V5 R20 B b g s, SR )5 ¥ i1k
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ARG G R R EHL B

S A stp 405 SN ABAQUS/CAE () Part i, f# 1] CATIA %44 g 46
)4 Ak j2 5 N Abaqus/CAE T ) & DML BE C R B &, XFEMEE LT
Abaqus/CAE 1 Assembly 3¢ o #52 i B2 & 30RO A7 B o & #0AF LA B 1Y 4n & 4.1
Fr7i o

a) EEk b) BAIE c) TNEk
4.1 ZEBHF LR A
By AR AR Z 2 3 | EA PR ) Python —IXKJT K J7 54 Abaqus/CAE ' E
B a8 S NE K LG, ¥ Abaqus/CAE H Part B 1) # 2 Assembly & it i B,
i FH P2 Dy Re ks b R 2B IR N BPAT . SEEE M R IR 6l A PR e A n i 4.2 s

FEE —

fHIE —— iz

Th% —

a) SEEZHRE b) & E
4.2 BAREHGRTER

42.2 HHRHBE O X

A FCAEE AT AT — Fb B AR RE, R 3 S — LA A P ) T A T
G, NS AL LI — S, 5 S U R T g O R ] 2
AW FUTAR AT MRS 1 7 T B B A, DA et T A AR A 1 1 BT S0 S
oA REIE AT

PR E P ) B B AR E Abaqus BT AN BEE R E A — AP IR, A Part JfE
AL B ) 2 S 6 B LA 0 UK B P v B AR A, SR BT XS AN [E B o b S B B
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WEMMEEEWBA —F. N T RIEEMT R Wis T I ot 54 R uEw, Lo
WHETBENMEIZ . £ Abaqus/CAE A & 11 H7 M (Property) B e 7] LU oK &
XAV FZM B S8, #om e, JF HAR & S Bk & 1 T 20 H B
() A b s A B0 4 s ol — o DR B B S R E R T R R
ARy R s i) B LIS FE % B MoJu. FenMo W FH A &L, Hodr Bo Nk
ABAR AL H — M A1k MoJu, K —Fi# Bl FenMo, &M EIZH K 4.1,
x4l BEWIMBBMER
MELZFR BE (kg/m3)  HMEEE E (MPa) At SRR (MPa)

MolJu 8.03E-009 27000 0.3

FenMo 7.8E-009 20000 0.28 210

423 BRTIHEXRBRGE

H IR ot H R A J7 75 R B &7 Abaqus/CAE H 1] Step ThREMEL5E 1) . 1E Step
DhRe B P & 2R B i TAE .

(Ot P i E

Step DI RE B B R 4t T 2 Fh o Ay 2D R AL B ik £, LA general analysis step-
Static, General. Dynamic, Implicit. Dynamics, Explicit %85, H{A&KiE# EHRIE
Gy M iE) SRR A AT R 2R A R B 5T S R 7R XX Incrementation AT R E .

Q)W & W BERERNTEAERLHEP RSN AHBELR, &
RiJys BiAE Ak . i Z Wi E B E E SR RKRE NI E T I H AR odb
AR K o E bR ey 75 ZARE N NERHATIRE .

(3) H I& B M 4% €

IRZ ot A =P K B KRBT 8CE MR . 9 T ORIEB R AR R A KA T
B R4 A 1 A R v R TE DR RE ORI v B M, ORE TH AR R A8 IR 52 Rl O B R
HRE A 5. Abaqus il T “{L & Lagrangian-Eulerian(ALE)” 2 #r K,
WA B &N A B . ALE 73 B 350K 78 558 0l 0 g i i fE b A 8 0,
A B WA B0 7 20, DR B T A 2 L T A R R S i, T Al R A% B H
53 BT 00 00 L SR I A R B A RL 2 B o ALE 23 AT B R AE AR 2 8 25 i B I B AR E L RS
38, ALE 73 M AR # 7 vz B H T 5 2 75 i (Abaqus/Explicit) .

B TR R ik 2 b, o R BORE 0932 B 1% 0 i 52 0%, 78 AL HORR R BU% K
R R ACEIR XYZ AT R, e RBIE RS, BRVLESK
AR RN o R R il FE 4 & o — T BE AR e e i SR g 12 . £
Abaqus/CAE H 3K fif =1 B JE 26 1 17 8 [ 5K (Standard) 1 5 7 (Explicit) 9 F 77 15 i
M Pk, 8GR R R T F & KL 5ot 2 il & A 75 2238 ACE Re i
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ARG SRR TR

WENSF IR, TR NERAE —ERE LTy RETENE, KK#E
= R AR

AW 5L 7E Abaqus/CAE f#) Step Bt % & K A 31 & & 7~ 47 #71 2P (Dynamic,
Explicit), Time period & &N 1, %75 1 22 BN TF JE LA A e 1t 0B oK T il i 7% 2k
ATTH RN, 5 15 B &P 2RO B Bl (Automatic) 35 il 3G & 8 K/ A5
YT R RI] 53 1 FE 0% 4 T 1 R 2 58 SR AR AR R IR S I R, 2 R B 1 T N PR A SR
FEOF, BABERHBEENMI%. HAk Step B WK 4.3

= Edit Step = Edit Step
Mame: Step-1 Mame: Step-1
Type: Dynamic, Explicit Type: Dynamic, Explicit
l Basic | Incrementation | Mass scaling l Other | !E:Incrementatlon: Mass scaling I Other |
Description: ]: Type: @ Automatic () Fixed
Time period: |1 Stable increment estimator; @ Global ) Elerment-
Max time increment: @ Unlimited () Value:

Mlgeom: On

[ Include adiabatic heating effects Time scaling factor: |1

a) Basic b) Incrementation

& 4.3 Step IR &

4.2.4 BIRTMEBIXI 57

WA I o> B F IR T/ it BT e B Br B R B — 28, N T XA
HEAT A SRR &I 4>, 7E Abaqus/CAE W1 % 11 Mesh Bt 5g i ix — D 3%, 7E
Mesh & H i H 75 58 ) £ 2 TAE A

(1) XF g 12047 Ao 1 A1 B

FEEN R TR #ITRE. RS RET RSPt SR _SRE
it /N 2 T B T EE SR 3G I AT 5 e B AN 43 B (0 T SRR R o DTk AR 4 LA A
RN 43 M7 75 A5 B A I Bl RO 8 1) A% 1 35

(2)i% £ & 3d 1 BT R AR

X = YERE Y Abaqus/CAE AT RATT e B B o IR A DU A4 . BRJE
INTAR N ERMSTHAAR 4 MR X T Z4EBAE =M. WA MNAERNE 3
BTG AR o (A S Y 0k £ AN [F] I B T TR AR T e B o BB A BRI 2 72 A
T 5 W X A% 2 B2, 6P TE SR o — 0 I S2 MR, PRI 1 7 Bk % 5 & 1 BT TR IR .

(3)i% 5 id 1 M A% R 43 F R

7t Mesh Controls 1 #i2 fik 25 FATT () Jal 73 T R A 454 A K] 73 K (Structured) .
R 7 B R (Sweep) s H H WA &Il 73 B2 K (Free) o A [F] 19 W 4% Kl 43 2 A X6F B2 A 4] 1
HInIEAR, XK UL Structured. Sweep P AP £ AR T X 20 1 I 4% 5 0 T AR B ARHR
HE AL UG SR A T 28 A A FEME I L Free 15y, {H Free 57 AR S0 A58 8 [ 0k B 14 B 9, B
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Bl 22 8

IIE G 0 5 A A5 B AT 150 ot & D A 1) 4 o

(4)F TR AR VTR

BRI R B S P A AT R AR AR TR 1, AR A R A AN TR
MR B RATIE . AR S A L TTITER A B S G 2 eon, #
JIHAR G G L I TILEC (A #  AR & B s . i B £ 0 50 o0 2R AL 5 Fr B 400 1) 4
PrRBATLRS, EHESE Job KR Bt 2 5 BB g 1T a7 b it E.

15 0 R A R AK I oy S AR AL S R PT EE MR I ORAIE . 7R R R i AR
S5 T RO UKL B AN URLIZ B IS A 1, A BR o A T BE 2 R AR W AR R e T AR A
BRI, R E &R i P W E A S B I A SO A 384 9 4%
TR RS R UL 2h 74 B 2 20 19 4 4% s 4 14 DY T 44 5. o6 C3D4, R IR A
X5 R A5 Y 3 R B 9 ) [ EH (Free) A% R 43 52 R, %F by R i Sk oRH B 4SS 5 B R 1
RF Sum, PR R 308E 2 5N 4668, 4668, 2785, XM KK EM TR~ A1
wm, KRST R AR AN RST 8 R I 70 308 23 0 8 75892 94633 . JiT A A4
1S ECN 182646, HIRTIHHE M W& 4.4a, b, ¢ iR

a) EFIZEMRRE b) EA M RMIZRE c) BAMIEREYEIE
4.4 BIRTME

425 EMEMIEE

7£ Abaqus/CAE [ Interaction D BEAL H AT LLSE SCAH B AE A o 24 P9 > SE A Bl 3
— AN GO AR ) P A B A AR S BR8] 2 b HOAFE A ES,  Abaqus/CAE 3 A4 H3hiA
RNEAT R Il ), W ZIAE Interaction T RE AR B 2 SCHE b 32 ik ¢ &R 4 BB ST .
#£ Interaction Tj REAL P FH 7 AN AT DL E S IE A4 % 38 40 < 18] () AH B A FH (PR 45 5%
1145), LA DL AR 5 AR PR B 2 (8] I A TAE FH (R S 3% 5 HAE 555,

Zas i NYR e 75 U s e I ) B 07 N N D = R G N o =11 B 7 N 72
AT, A — H 5> AT FE R TR R 5 BLRE (A A AR R . DRI XS R
ST 1 A 3R AT 7 B0 0 20V B R SR . H T K 2 H0R R ORI R H AR EE
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ARG SRR TR

BE, ShEBEYTHTREZEmANRERERLGEAZEER, HARZX
EE AT 5T Fi8 tH SR T 7 1 B 4 2R 5 LU 7% ) 1) B 4 R B B4 45 SR 5 S 5 45 SR 5 A
o A SCEARTY BE B R EON WL B PR e ) #2 M, PR ML AE Interaction ) BE AR B 1%
BUE 4.5 Fros bl E BEHE R (u) 7 0.1, 0.05. 0.01.

Contact Property Options

Tangential Behavior

Mechanical Thermal  Electrical

Tangential Behavior

Friction formulation: | Penalty -

Friction | Shear Stress | Elastic Slip

Contact Property Options

Tangential Behavior

Mechanical Thermal Electrical
Tangential Behavior

Friction formulation: Penalty M

Directionality: @ Isotropic (©) Anisotropic (Standard only)
[7] Use slip-rate-dependent data
[C] Use contact-pressure-dependent data
[7] Use temperature-dependent data
Number of field variables: 0
Friction
Coeff
01

a) u=0.1

Friction | Shear Stress | Elastic Slip

Contact Property Options

Tangential Behavior

Mechanical Thermal Electrical
Tangential Behavior

Friction formulation: | Penalty [

Directionality: @ Isotropic () Anisotropic (Standard only)
[7] Use slip-rate-dependent data
[T] Use contact-pressure-dependent data
[7] Use temperature-dependent data
Number of field variables: 0g
Friction
Coeff
0.05

b) u=0.05

Friction | Shear Stress | Elastic Slip |

Directionality: @ Isotropic (7} Anisotropic (Standard only)
[7] Use slip-rate-dependent data
[C] Use contact-pressure-dependent data
[7] Use temperature-dependent data
Number of field variables: 0
Friction
Coeff
0.01

c) u=0.01

B 45 EMEMEE
4.2.6 EMIDAFHFE TG

£ Abaqus/CAE ] load Th B 5L 5 HI /7 AT DARR 98 S B T 00 75 28 5E S A A 5
FA, A R B WSS B 8o BB I AR A i 5 o A
L E AR, M7 DZEE E BT AL B ATAE R B 2D, IR BB A I SR A% A
i 2 st /b ¥y 51k oh S A

AR S FARDT AN [R] s i) 5 2, AL 35 H g s ) 00 Sk s R R R HE AR AT O Y
S,z MR H 302 R 70 M 2P (Dynamic,  Explicit) R & 3 )% . BRI AE
Abaqus/CAE (] load #ELtE InAr#% . [8 € 29 SR 7 56 Ao 50 m) e il I 45 B % Sk it
Iy e S A2 RS 25 wm, g RN b Sk it N [ g £ R B kA X 1) s
If 25 b Skt 0oy y il R ROAL RS 12.5 wm, 45 R ki i y il B AL RS 12.5
b, g AR it I LRI A R A

43 BERMHEER S

4.3.1 Ba kT2 FRCR M 2

BB PF: SRR BEHR A 4N 015 JEHIR A 1s.

T 5 7 P BR T S0RL B B A P I 4,63, by 0 do e THTR. % IEIRJEIE
R TR A BRE £,y 7 S A 1 5 3 0 A M A e o ) 3 IBUR (VB e 3
50 P
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U, Magnitude

+2.420e-02
+2.283e-02
+2.075e-02
+1.868e-02
+1.660e-02
+1.453&-02
+1.245e-02
+1.038e-02
+8.3002-03
+6.225e-03

+4.150e-03
+2.075e-032
+0.000e4+00

a) 0s L #% 537 = &

U, Magnitude

+2.490e-02
+2.283e-02
+2.075e-02
+1.868:-02
+1.660e-02
+1.453e-02
+1.245e-02
+1.038e-02
+3.300e-03
+6.225e-03
+4.150e-03

+2.075e-03
+0.000e+00

) 0.4s i o H = E

U, Magnitude

+2.420e-02
+2.283e-02
+2.075e-02
+1.868e-02
+1.660e-02
+1.453&-02
+1.245e-02
+1.038e-02
+8.3002-03
+6.225e-03
+4.150e-03

+2.075e-032
+0.000e4+00

U, Magnitude

+2.420e-02
+2.283e-02
+2.075e-02
+1.868e-02
+1.660e-02
+1.453&-02
+1.245e-02
+1.038e-02
+8.3002-03
+6.225e-03
+4.150e-03
+2.075e-03
+0.000&+00

b)

U, Magnitude

+2.490e-02
+2.283e-02
+2.075e-02
+1.868:-02
+1.660e-02
+1.453e-02
+1.245e-02
+1.038e-02
+3.300e-03
+6.225e-03
+4.150e-03
+2.075e-03
+0.000e+00

0.2s i 57 %5 = &

d) 0.6s uB =&

U, Magnitude

+2.420e-02
+2.283e-02
+2.075e-02
+1.868e-02
+1.660e-02
+1.453&-02
+1.245e-02
+1.038e-02
+8.3002-03
+6.225e-03
+4.150e-03
+2.075e-03
+0.000&+00

e) 0.8s U 7% = B f) Is ¥ o H = E
E 46 ARNZIIFZESH=E

M 5L K] 4.6a-f TN, Ky AR AHREHE R B 1 S 5T A2 ek 2D L BRL 32 v 3 FE I I R

FEFIHIIA, TR L A B, SRl b Sk R R F 0 R AR 18 Bl BH A (A B
K AR AR B AL I R 3 0 T ORL R AR K W A7 A% - BIORURE [A] 8] BR /DS, BBy
BOXCA 8 00 Fy R BURL R AN 3 AR T . B s ol R I 4k 2R 1R AT, B R A4k
SRR 2,y AR U 2 (B ) 4 fink 9, B A AT ) R i AR Oy TR R Ak, O ISR R A 3
() 3G 0 32 R BT B s URL R AR 38 4 AR T 3 — 2 S 7 (A B

4.3.2 =)k H i3 52 FURLR 345 1% 0 1

BRALTH S XA il R AR 49 0.1 B (A 1s.

JEse i p ek R Bk i A fF P a0 B 4.7a, b, ¢, d, e, fHTR
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U, Magnitude U, Magnitude
+1.310e-02 +1.310e-02
+1.200e-02 +1.200e-02
+1.091e-02 +1.091e-02
+9.822e-032 +9.822e-032
+58.731e-03 +58.731e-03
+7.639e-03 +7.639e-03
+5.5488-032 +5.5488-032
+5.457e-03 +5.457e-03
+4.3658-03 +4.3658-03

- +3.274e-03 - +3.274e-03

= +2.183e-03 = +2.183e-03
+1.031e-03 +1.031e-03
+0.000e+00 +0.000e+00

a) 0s L B9 =& b) 0.2s (U N H =&

U, Magnitude U, Magnitude
+1.310e-02 +1.310e-02
+1.200e-02 +1.200e-02
+1.031e-02 +1.031e-02
+9.822e-03 +9.822e-03
+8.731e-03 +8.731e-03
+7.639e-03 +7.639e-03
+6.548e-03 +6.548e-03
+5.457e-03 +5.457e-03
+4.365e-03 +4.365e-03
+3.274e-03 +3.274e-03
+2.183e-032 +2.183e-032
+1.091e-02 i e +1.091e-02
+0.000e+00 +0.000e+00

e — 't —
c) 0.4s i o H = E d) 0.6s (uB =&

U, Magnitude U, Magnitude
+1.310e-02 +1.310e-02
+1.2008-02 +1.2008-02
+1.0912-02 +1.0912-02
+9.8222-03 +9.8222-03
+8.7312-03 +8.7312-03
+7.6392-03 +7.6392-03
+6.5452-03 +6.5452-03
+5.457e-03 +5.457e-03
+4.3658-03 +4.3658-03

- +3.274e-03 - +3.274e-03

o +2.183e-03 o +2.183e-03
+1.031e-03 +1.031e-03
+0.000e+00 +0.000e+00

e) 0.8s i nHm=E f)1s i nH=E
E 4.7 FEIMZIE S D= E

MG 4.7 BT, BUe) iR BRL ) He o ek R Ry AR RORE B A R R ) U 3
JE 147 391 2 PR i 5 30 s Sk Rk AR RIORE 26 Kk AR 3 Bl 3 g RIORE 8] 7 DL S ey b 44 % T
J i) J5 BA B TR R RORE B i kAR BV AR R — P S A A B

XL 4.6 R 4.7, B E01E A R b T PR R o B0k L B MR 22 S R . T R
1102 5 1 O N 107 1 v vy 5 N 1 =117 11 5/ AP £l = N N O =115
WANYEZE FAR N, AR T R R 3 A1 .

4.3.3 BEE{R R HIXTHURLA 55 1% BY R

BRALTH S B ] o O EE R B 49 0.1, 0.05. 0.01; il I (8]
Iso 2SI ZI B BORL M sl Fr P W & 4.8a, b, ¢ fiow
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Bl 227 1 S

U, Magnitude
+2.490e-02
+2.287e-02
+2.084e-02
+1.881e-02
+1.678e-02
+1.475e-02
+1.273e-02
+1.070e-0z2
+8.6662-03
+6.637e-03
+4.608e-03
+2.579e-03
+5.493e-04

U, Magnitude
+2.508e-02
+2.305e-02
+2.102e-02
+1.899e-02
+1.695e-02
+1.492e-02
+1.289e-02
+1.086e-02
+8.829e-03
+6.798e-03
+4.766e-03
+2.735e-03
+7.036e-04

U, Magnitude
+2.610e-02
+2.402e-02
+2.195e-02
+1.988e-02
+1.781e-02
+1.574e-02
+1.367e-02
+1.160e-02
+0.525e-03
+7 .453e-03
+5.382e-03
+3.310e-03
+1.239e-03

c) #7A0.01
B 48 TREZRAH FTHASHILBYHEE

HE 4.8 ATHEI, 9 uy 0.1 B, &R Z0 ARAER &N E N 5.493e-4, K
PR N 2.490e-2; 24 u A 0.05 B, LB ZI KA H/AIBE N 7.036e-4, K
PR N 2.508e-25 X4 u A 0.01 I, LB ZI KA /ML N 1.239-3, K
il 2.610e-2, BUAERY KRR bl F2 b, B A BE 6 3R 400 o (ROR/DS ok R JURL )
PRI B BRI K TR S S B ) o AR b RT DU R G e A, L o e e
I s B Y - o

4.4 KENG

FH| Python Xt Abaqus 47 — R IF K. AR T BENL A A 0 LA 2 Bl RS 0 = 4
4 B AU R A ORI . L £ S S B A S R EAT T AL, 4 AT
P

(LB A b AL 3o T 1 9 7 2 ik /> AL W0 40 0 30 0 o 2 o o o i 7 3
SNTAYY B a. WA TR R AR GRS M P T + b, K oK BB th T4 FE R R 9B
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ARG G R R EHL B

I o
(2) K FH X 1] s 1 77 R /I 1) B8 45 2% A 8 1 T B 5 58 1 38 20 1
BB R HERRRE R 2 B B B R BOIR A, SERR PR — B
SHBWRKRE, BB A B MR R L, HUEDE,
b 285 10 A SR T By 2R ) BT AR ORI ST A — E B4R T
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FHE MEFETREM KRB ZIHBE D

51518

THL %5 B T 158 45 (Spark Plasma Sintering, &% SPS)/& K T H B EH AN T H AT
e R B By AR | RN B, (R ) it 0 — 5 1 RO R T 7 458 o 5 B R B
BUE 5B R R e 45 BRI, B R pea . FASE T IR B 45 55 0k EE A =
431, — Ny, SPS b B2 Br B #E e 45 1 £ B3R D He 3 1% 1 28 14 A2 IR 42 3 %
SEt RR AL, 3B AE Ry AR UKL E] 77 AR B K b R, FF A ORI T R AR UKL [R] ik FR
AW E KA, T4 T — 28 SPS i FE TR A BA R TR ISR 4T SPS
HFET CUE AR MR . S MR R 28 & 7 BI85 R0, ZE R H T #A4E
f . Begh iR EAR . FHRE P, R E R . Z2n 5. W RE— BRI
o CEONIE LR R I — T MR E R A HoR . B ZH TR &8 .
FeFm W % 90K R BRI . BEMR . DhREH6 FEM k25— R P03 B A R
il % 1451

B G5 M RGO R AR INAS 3 OB R M BE . A LB 4 S5 — B O
T, BREE AR JE PE X SPS ok A v (1) iR B 37 03 A A o vk AL R R BT BL SPS
B 7C R 2 2 L3 B R 32, 6 A T AR I B ST AR /D (46551

A H A LR VE, SPS BRI W KR E . B, By, SR+
H k. 1f Abaqus6.12 R A Z A, Abaqus BAFEF X -3~ 77 70 Bt 3% A X B 5T 2K
A, EIR Abaqus6.12 WA Z Ja e fit 7 X - - BEEB A M BRI R A, H
W46 WA 73 A1 68 3 AR B 55 o A B i B A8 A BR oo 70 A T Abaquis6.14 fie A 4t
X e b R G A% B AL AT SPS AL, I EE T HUR R B BRI AN T H R R R B T
S Fhedd B iRE 2.

52 HFIRE
5.2.1 BIEE

4.2 B AL AL AT RE R, F 3 3 2 W UK (Maxwell) U7 B2 (1 HL G 57
BE LS NRSEREN, TN

LJ -ndS = Ivrch (5.1)

X, vERAE—BHUER, NS, n KR SHHAINER ;v R R N AR
M JRANBEE, HEJEREEH(Ohm’ Law):
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Jeot E=—ct. 02 (5.2)

oxX

A, EX)RBEIGEL, oRpHEHE; o570, )R HEALTER, 0FRR
BE, fCRRPEXIHEE,

Q) AR, FHH AL LN LR

069 p Op .
J'VE.G .&dV_J'S&/;]dSJrIV&DndV (5.3)

AP, JRRIE RS FE NI SR F R R
522 EHRER

L SR A EH A, BIHRE P A o BvEE 00
op _r 09
—n -P.=n(J-E)=22.57.22 5.4
X, n, HREEF L R4, Abaqus BRIAN 1.0, RIHLRE A 70 2 B e,
e 5 ) FARE R 2 2R AT BAt
UL HE A B2 E AT £ Abaqus/CAE [ step # R 1H F : Create Step—General: Coupled

Thermal-electric.
5.2.3 (N IHE L
KHESN RS, BT E&REEMN 1% ki iT @8 . Abaqus W EH FF

& Mises i IR AE N (1) % [q) R PR MR R TR, BLIRSGA R8s — RIS — & O VR4
N, AR,
53 NEFEFREEARTERNENS
531 HEFETRELENEN

HAr ok T HEE FREFARMMANHAMKSREZWERZH A, K25
R T A = B Al R i 2 5 TR 45 B4 JL T #8k B H A AE A A i Mk ik 5
x4k 0561, HE B MBS Tt 2 g mi, Bk, R KA. REAHT =,
R RS, KA RG Gkt KA Sk, A3 3 BE B 45 4% 0
AL, AFEEM . Bk, WEE. B, 347 SPS B

FERR. FEM. Bk R B AR S AN IR FEIRE R AE CATIA V5 R20 3

S, SRIGHEEAE S N stp A% HSCHHE SN ABAQUS/CAE (1) Part f5EH b . 58 52735 HL 55
BT RE A PR T I & 5.1 fo
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Flf <—
i
e BAM
Tk
a) STEZHIER b) %30 &

5.1 SPS HIRTiEE
532 MHREMREX
T SPS Bl M2 . 1. =M EBAL, [0 00 & Fh i B ik 2
W M R E M, R Abaqus BAF AT A B = 8 S R R A E 1) B AR
JEVEALFE . 9048 (Young’s Modulus). A #a b (Poisson’ Ratio). % & (Density)«
ot F Z 40 (Thermal Conductivity). HL 1% 3 5% (Electrical Conductivity). H# 4%
#t % % (Joule Heat Fraction). # ik & % (Expansion). W1 M Bl & A2 9 4 A2 T ik
e W BN ) N AR 2
A~ SPS Bl it F2 % B MoJu. FenMo. DianJi = fAf g, HAd b, FHEIE
F — %44kl DianJi, J& S HILH — M Ak MoJu, # K4 H —Fhi#4 £l FenMo.
T8 K72 SPS i #2 b & R AR IR AR T, IR I X R A 386 ¢ B g B A8l 25
It B S bre g ik B2 b Al . e Sk L 52 AR TR AR FEAR /N AT LA 2B AT, B R
X R AR E R IK R, S BRI SEHOLE 5.1,
x50 SMOMREMER

KL 44 FR Molu Dianli FenMo
L PE B & (MPa) 270000 270000 200000
EEVNI=d 0.25 0.25 0.3
%% (kg/m3) 1500 1500 7.8e-9
AL 3 R W/ (mmTC) 0.19 0.19 0.19
H% 3 R #/ (Qmm) 906.25 36100 9500
F, R e R B 1 1 1
P K & 2e-5
J MR 52 73 (MPa) 210

533 DT EE
WO B TR W R KBRS . . B 3 BN Al .

45



ARG G R R EHL B

Abaqus M 6.12 IR ATFIEA TR B EEMEG 528, (HWIE AT 7 4 6e 7
X5, R AR #E 5T H Abaqus6.14 iR A TE Step W RERE ik BT H H M A&
73 M7 28 (Coupled thermal-electrical-structural), KA T 7M1, Time period W & N
0.1, ZArHr 2 BAIATF B AR L, [F i) % B 1S & 20 258 8 A 3l (Automatic)#% il
WEL KA. AT RIETHRER S, WERKEEDE N 10000, VIIHEEL . &
N RS, R E S KNS HIN 0.001. le-15. 0.01. JL{K Step % & WK 5.2.

== Edit Step == Edit Step
Name: Step-1 Name: Step-1
Type: Coupled thermal-electrical-structural Type: Coupled thermal-electrical-structural
Basic | Incrementation | Other | Basic | Incrementation || Other |
Description: Type: @ Automatic () Fixed
Response: @ Steady-state () Transient Maximum number of increments: | 10000
Time period: 0.1 Initial Minimum Maxirmum
Nlgeom: On Increment size: | 0.001 1E-015 0.01

Automatic stabilization: | None [

[T Include creep/swelling/viscoelastic behavior

a) Basic b) Incrementation

[&]5.2 Stepi& &

5.3.4 BRTMERIXI 5T

WA B B e R Y B B A5 o i AP UL G, 2% 18 B 0 55 B 1 e & o R oy i P
WHE NI H BB S 7 2P (Coupled thermal-electrical-structural) . K 8t Br & &8
fE A% B T SR R 2SR 4 1 RO DU TR #4500 Q3D4, [A] I SR A i (Free)
WIRGRI A HR, X B T ER. R SRR R EEM TR 2um, W
F% 3 4 B s 4y ) 18706 18706+ 34129, 5007. AT i fF W 4% & Kk 73548, 45
FRoTIHE MK 5.3a, b s,

a) KRLEEE MIgIRE b) {4 WAL 15 B A4 5| &
5.3 BIRTMg
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535 EMEMRE
T 55 B e 4

(¥ BE = R K 0.1

il B UL AN T 2B R AR

2% Edit Contact Property
Name: IntProp-DacDian
Contact Property Options

Tangential Behavior
Thermal Conductance
Heat Generation

Electrical Conductance

Mechanical Thermal Electrical
Tangential Behavior

Friction formulation: | Penalty E

Friction | Shear Stress | Elastic Slip

Directionality: @ Isotropic &) Anisotropic (Standard only)
[7] Use slip-rate-dependent data
[7] Use contact-pressure-dependent data
|7] Use temperature-dependent data
MNumber of field variables: 05
Friction
Coeff
01

a) BEAK

25 Edit Contact Property
MName: IntProp-DacDian
Contact Property Options

Tangential Behavior

Thermal Conductance

Heat Generation

Electrical Conductance

Mechanical Thermal Electrical
Heat Generation

Fraction of dissipated energy caused by friction or electric
currents that is converted to heat:

@ Use default (1.0)
) Specify:
Fraction of converted heat distributed to slave surface:

1 Use default (0.5)

@ Specify: Il

o) EMAERARY

otk 3 2808 1220W/(mm°C)\
fill A% 5 R BOA 20/(Qmm?) . &4 S K
AN B v AT 5 R B B fl i #ﬁﬁ%%ﬂi%—'ﬁ&%%ﬁ%ﬂﬁ@%ﬁﬁm,
BiAREME 5.4 Fix.

B ARG K2 A HAT A LA A, 25 B AR L TR] AR AR
BEXE 3 BB RARE, AW FUAE Interaction T RERLBR,

W B %58 contact % fih g 4
Tﬁﬁﬁﬁiﬁi%iﬁﬁ 1. #%

LAz

PRI R

2 Edit Contact Property
Name: IntProp-DacDian
Contact Property Options

| Tangential Behavior

Thermal Conductance

Heat Generation

Electrical Conductance

Mechanical Thermal Electrical

Thermal Conductance

Definition: | Tabular

@ Use only clearance-dependency data
(2) Use only pressure-dependency data

() Use both clearance- and pressure-dependency data

Clearance Dependency

|7] Use temperature-dependent data

[7] Use mass flow rate-dependent data (Standard only)

Number of field variables: | 0
Cond cl
1220 o
0 0.01

b) EMARES R

25 Edit Contact Property
MName: IntProp-DacDian
Contact Property Options

Tangential Behavior
Thermal Conductance

| Heat Generation

Electrical Conductance

Mechanical Thermal Electrical
Electrical Conductance

Definition: | Tabular E|

@ Use only clearance-dependency data

) Use only pressure-dependency data

(©) Use both clearance- and pressure-dependency data

Clearance Dependency | Fressure Depender:

[] Use temperature-dependent data

MNumber of field variables: | o
Cond p
20 0
0 0.01

d) EMBEEFRY

54 EMEMRE
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f£. Abaqus/CAE I Interaction DJREAL IR, & A] LLsE AR A 5 A1 3530 55 2 (6] 1)
MHEAERHGES . LS. 3435 B TERSGIEY, BMNRGESHHE
T, MUAEERSG KRGS B B AR RAE S, 5 R e 45 1 N A 1) T4
WA, HARREWE 5.5 s

2= Edit Interaction
Mame: Int-Radiation-MoJuMei

Type: Surface radiation

Step:  Step-1-ReDian (Coupled thermal-electric)

Surface: Surf-MoJuNei [3

Radiation type: ) To ambient @ Cavity approximation (3D only)

Emissivity distribution: Uniform
Emissivity: 0.75
Ambient temperature: {Average)
| oK Cancel
a) EMAERRY b) EMEBEESRY

B 55 EmENRE
53.6 EXIOREEME G

()M £ b AR I b 3 10 i In H i 247, Abaqus/CAE (] Load Dy REARHL A]
2 = = T S S R T = I TN 7 NN A == B TS ) R Rl M7 T
B TN TR PR U AT 200 A o FELUA T N DA S 7R CE T S T SR A DR R
S R TR P 2 v S = I B T T [V B v B S L

Q)IREG BARE 2 — e T HIEHE T, KIiEE Load ThREAL I
Tl € X 3% (Create Predefined Field) Xy % /™ 4 4 it 0 4] 46 il B BP %= 3 25°C, WA
WE VIR B Abaqus/CAE 2z HAIBLINWI G IR E )y 0°C o 53 4% 18 3 K% R Gi iy
SR TR XoF JAE A% R HE A R g i R I S, FR B B AR R AR BRI T K
WE IR DT A, DAORUE BT I 7E BE A e g ik R iR BRI A 4 4 25°C AR

Ghrfesg: X B R AR AN R S B r H A s y Bia N A2 0.012 mm;
X AR EL AN R AR 2H Rl ) 2 e ] 20 R 3 5 Ak

54 HEEMHEERS R

541 MBEFBETRERESDHAE
FHBRARBMBEE RS RELSHZ2RES s B, WK 5.6 fix
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MT11

i

+2.522e+02
+2.333e+02
+2. 1442402
+1.954e+02
+1.765e+02

- t1.570e+02

L | 11.386e+02

+1.197e+02

— +1.007e+0z2

+3.151e+01
+&,287e+01
+4.594e+01
+2.500e+01

5.6 SEMARERTSHZEEASH & E

H ] AT R0 e 4 2% 2 IR 22 B A R 5 2 4 T Sk R L AR ik ) S AR T A
B P 1) 252.2°C, 1 b AR (R b SR TR R LR A R i R R U R A, PR
£ 25 CANAE, FLAR B AL IR B A T P& 2 18], JF HONE Sk 588 AR #% B A 1) L
N H AR A R T IR R B0 RO B .t B IR R R o A R A R i R R R D A
M R RSk B ARG A A A A B E R 2, BRI EEN
PRI T 7 /R £ 6 QO 0 v VAP 1 oz 4= o o 1 U R 3 T
5K 2R G0 2 R A AR A 5, DR B e AR Y b SR AR AR R R T
BOE VAU kA, BHREAARID T AF, Br bl B ER AR il i T

R R L AR AR

542 BREMRIEES T HA RN

A AR L e 4l 2 A — B DL I LTS T S R R MR S AN S

KRR B o0 A o 25 RN 5.7 Frow

+2.522e+02
+2.333e+02
+2.144e+02
+1.954e+02
+1.765e+02
— +1.576e+02
—r +1.386e+02
— +1.197e+02
— +1.007e+02
+8.181e+01
+&.287e+01
+4.394e4+01
+2.500e+01

a) SEMRK 0.05
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+2.522e+02
+2.333e402
+2.144e402
+1.9546402
+1.7658402
— +1.5766+02
| 11,386e402
L +1.197e+02
— +1.007e+02
+5.181e+01
+6.287e401
+4.394e401
+2.500e+01

b) AFHE# XK 0.05s




ARG G R R EHL B

+2.522e+02
+2.333e+02
+2.144e+02
+1.954e+02
+1.765e+02
+ +1.576e+02
+1.386e+02
+1.197e+02
— +1.007e+02
T +5.181e+01
+&.287e+01
+4.394e+01
+2.500e+01

+2.522e402
+2.333e4+02
+2,144e+02
+1,954e+02
+1.765e+02
+1.576e+02
— +1.386e+02
= +1.197e+02
— +1.007e+02

- +8.181e+01
+6.287e+01
+4.394e+01
+2.500e+01

c) SFHEXK 0.08 d) "SHBEMFK 0.08

+2.522e4+02 +2. 522402
+2. 232402 +2.333e402
+2.14de402 +2.144e402
+1.954e402 +1.954e402
+1.785e402 +1.765e4+02

+ +1.578e402 +1.575e4+02
+1.288e4+02 - +1.285e4+02
+1.197e+02 P +1.197e+02
—+ +1.007e4+02 —— +1.007e+402
+— +8.181=+01 — +3.181=e+01
+&. 287401 +&,.287e+01
4+, 294401 44, 394401
+2.500e+01 +2.500e4+01

e) SHEMEK 0.09 ) NEBEMHEK 0.09
MNT11

+2.522e4+02 +2. 522402
+2. 232402 +2.333e402
+2.14de402 +2.144e402
+1.954e402 +1.954e402
+1.785e402 +1.765e4+02

+ +1.578e402 +1.575e4+02
+1.288e4+02 - +1.285e4+02
+1.197e+02 P +1.197e+02
—+ +1.007e4+02 —— +1.007e+402
+— +8.181=+01 — +3.181=e+01
+&. 287401 +&,.287e+01
4+, 294401 44, 394401
+2.500e+01 +2.500e4+01

g) SHHEKO.1 h) "&EBEME 0.1

E 57 FREMNFEMNZEESHSHEE

FH P RT AN 3t H R A RE A 5 Ry AR R IR 6 4 2R G0 B 37 43 A FUA B 6 A
[ F b 7 A AN (A b Ty o A TR R B e iR FE AL T R Sk 5 R M ) A
BAS SR ESALT B P EARM BN AR, I H IR AR FEFEA T HEZ
[ AR FHEHMERSG RENTEERHE G TASTEMERS RGN THE
HE, HAFHEMERSG REWNIREG ML FEMEE NS £ R %
FEARE G DL R, 5 M R 45 R R il B2 B i 25°C BT EI 252.2°C,
EF T 227.2°C A T M EHEG FR S0 B R A R T 25°C B3] 197.9°C,
BT T 172.9°C. FHMERS RN & IRE LA FHEMERL R85 5437C.

B IR TR B 5 S I ZR R AR IR B 3 S E R A ] 5.8 F 5.9 FTR
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MT11

+2.180e+02
+2.140e+02 Max: +2.180e+002
+2.100e+02
+2.0&61le+02
+2.021e+02
+1.981e+02
+1.941e+02
+1.902e+02
+1.862e+02
1 +1.822e+02
+1.782e+02

+1.743e+02 in:
115036402 Mir: +1.?T3€+OO2

5.8 SEMAREATSHZEESHEE

MT11

+2.180e4+02
+2.14064+02 Max: +1.72364+002
+2.10064+02
420616402
+2.021e402
+1.981e402
S| [ 1341e402
0 15026402
+1.862e402
| | 1822e+02
+1.782e402
+1.743e402 Min: +1.785e4+002
+1.703e402

59 TEHEMARERASHRINEESH = E

B 5.8 I 5.9 AT, fEH BB f M — B0 T, AT OB K3 K
T HR R MRL R B 37 o A SE N3 A o BRAE AN I 2 3 BB R AR ) R AIC TR
171.3°C, S EimE RN 218°C, IR E N 46.7°C; AT HI KM K HRAKE N 170.3°C,
i N 172.3°C, WZEMNN 2°C. (BB HF WA M E R TT, B B 6 T ke
gh i LR, RIS ERSkEAR PR, SRR TRSH MM TR, &
P Tl 3 3 43 AR AR IR R R 32 B ER R R A % X T S O R AR IR A
FHRE RN G, EEEE LT HBRM B SBLEK T BARRH,
RAEDLHyHERASREHRE:; N TASFHEHBRME, BRFEELEELSHAE ST
B, A R R R A . T SPS HR 2 HLR & K R AR I i, koK
s WRIE = A K AR TR LS, P2 A s i 5 B TR i e 5 b 72, R 3 HR oK
ORFECAS T Bk AR MR I AR, T AN T H AR B 5 R BRI FE 43 AT B N3
P

5.5 KRB/

A 55 H A PR IC 7 B Abaqus6.14 JRA G S TN BA B, EY. L
¥ Y 2 A G AR BE X R4S R G A% O B AL EEAT 1 SPS AR, JEXELE 1 U OR
FAREANAS G fRy AR A RE K T8O 25 B T R 2 I R, AU SRR

(1)J58 45 25 35 I 2| o 45 52 ¢ di v T B L 1 1 Sk 59 LR 43 ik ) B 7, i (IR L 2
{10 w0 o T L N S TIPS O S S A s e gl TP
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(2)3 H B R AL R LEAS 3 sk ARARE A TR B R AR, (B T BB R AR EE 3 H
For AR RHE B o) A BN 2
L X SPS HLEEHE LR A — i 38 X
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&2

K P 22 B ME R EROR UKL (K 0 77 5 7 I HEAT B R O i B, /& 24 B oK
J P S R 3 A (1 98 59 X 08k, T R O BB AL 2 A 1) = 4 4R HE AR ER T UKL (¥ B 7T
bz b,

AN SCHE T SR HERLERIE MR (0 300 70 5 071, Ml Python Xt Abaqus #EAT Ik
TR, HERCT BENL AT I B AT 2 R RT 0 = 4 S R B ORI AL, AR R
PR R R I A R R REAT T AL R AR TE, R Abaqus6.14 B fF
R L AR S B TR AR A IROT R A . R B RN R I F

(%5 1 Python JAIA, JF X RIASEAT 1 FEANMITERE . RThZE R T BE ML 73 A1
IR 2 RlORST ) = 4k SR HE AR BRI ORI A A . g e 1 B 0 LA vk i S o
0 HE R BRI BURL 1) PR M o 5 ST 708 An AT 6B, w2 BRI g SR A, Bl
X I T AR AT HB 4 8 2o A SC 4 S ¥ Python JEIAS BT DL i) BR B 4 2R B50RE 1K) $2 780 X
S BRI R BORL K 242 . BROE B R UKL (14 A0 DL K2R B2 Pl A% 1) TR 5 BRIE A
Ko

(2)KH Abaqus BPF 37 1 5 B AR 0B R s ) o B 1 A PR e AR, JE el X
Property. Step. Mesh. Load. Interaction &5 ¢ FAT W E, MR T iFH
A FE AL B AT SO . T T T R AL A I = 4 S R R AR A BIOR R UKL (1) HE
BUT N, FRRTE 7B AR R i 5 SRR 1) TR A O Sk X)) xS HE R
AT R I R RS2 A o A5 AR OB R R HE AR I R A S o A ek 2D LR,
P LML R o Ry AR AL R B NN B a. B AR BURL A 6 % R A
AZIE s b B AR BURKL T 5% R R BB AR Y o I HLR A O] s ] g 2R /D (1 JE 4
FHA R T R B R B A0 o A R X b R ) O B I T R 2 IR

(3)K M Abaqus A T RN BA M. REy. BN ZEela
P BE X e 4 R GuA% D BB ALHEAT 1 SPS AR UL, JEXT EL 1 3 AR R RERTAS 3 HLUR
R TR S8 T heai R, 93] 7 ksl R b IR AR . B A SRR B
Jo8 4 2% 25 I 20 o e i R L I Sk S M AR SR A (0 AL, B (RIR AL T B AR b
RIMATN AR R, HRMAREN T 2FZE. Hoh, R ARMELTEA
T HU R R TR R L, EAS T RO R AR EL T OB R A R B ) A B N4
o

TR C Loy ATt o KRG e BB A AT B EVEA TR T
LR Boty R Y 2 g 4 A LA 0 B AU S LR, R — & T
TE AR FAG AT — 2D BUBEFT o DA IR T SAL A7 578 By A 4 <5 U R 8 8 I At —
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LB

(1) 37 B0 56 %% 1 41 3 By R B i R 1 0 224K & o IR @B A2 B 47 AE —
SE MR, TSR IR AR MR A .. FHEMNAFME . XA RS 1Hk
R RE XA R B LB AR IR — 20 (T, 3 SR 1 R AR A

(2) 0 5 = 4EAE UL BE 77 A 2 W) B I A 5 SR o LA U FOBOPE AR AL B 4R LU
Y I o A iR B C AR R AR B, (B K B 2 W) B g i ) LIS G AN fiE
FRRGF B A5 R, A RAER, RS Enthh KiaedEa i
LB 2 Ry (R &, P30 R e 45 i 2 P 0 R 0t T, 0 H S T e A
AT 7 H RS G o A i

G)YHAF ZTT K o BUBY B3k T AR B2 i /7 5 3 42 BEAT By R R 2 4% 1 F 7T
R R A 22— Bt A2 0 A U AR T el Al L R A, BT R IR A AL R
e R R B BE T o ROT R HEHE FRATT S B € i Zh e -

AR, B MU AL ARE B e ROV A AR OR T BB A R R AR e
S F R A2 T T
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