349 4% %59 1
2020 4F 9 H

WAERMBIS IR

RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.9
September 2020

[ B F# K8 £ 812 IE Drucker-Prager/Cap &%

E RN, Y

&' wkEm!', spaEx’’

(LI TEPEITREARAT, T & &I 518045)
Q. I HEMNTREERTTAR, TR KII518045)
(. HERY BRI, W K 410083)

B OE. BRmEeRERMEE TZNEZIR,

YRR

ARUIAT 5 Pl R 289 48 T v S0 A A0 4 Jesd ok A s sl i 5 91 A 10 )
AW 5N B0 &8 i IR E S, %) Drucker-Prager/Cap M HEATAG o4, 15 L i IR D BIR 1) 7F 250% 42 )8 1)

Von Mises Ji iIRTT LAY, IBEE RS, fF2 THRHEL Von Mises iR o @ id 55 SCHR BRI HOHE X e, UE BT BT 4 th 1)
EIERT B A 2 s RS . S ZOR BT ] T el & O BV SR, AT B 45 2R 5 SEIR AN AT, JF HLY )

4341 Lb AL 85 Drucker-Prager/Cap #5284 i v 5 45 S o8 in A 34,

KHRIR: BKIG4: MEERE: FEM; AWMLY Drucker-Prager/Cap

FEESES: TFI12 XHERARIRAG: A

XEHS: 1002-185X(2020)09-3115-07

W ARG G e — POk 4 8 ok R 2 s i e 45 1
T E A R RN, 7R SRR R A R 2 4 )
b EHE, WOk RS, PRy .

AT AN IR T )X S LB, IR A R AR
TR M 0T 4 8 AR R He o i B2 AN [RI B B 0 4
HERA B o B R B il #2, BAR FE %
WAy Ry W25 LU Shima-Oyane BiBIPGAR L £
L& JBBIRI AL, Drucker-Prager/Cap #iEIBU AL % 1y
FIORLABE 2 1 ANsEaMGE T T X RBIRAE R K h
S FA ST A UL, 3P Drucker-Prager/Cap
BTN AN T2 o AHIX 2 PRI 70K 2R s il AN [+]
MBS A HRRYE, JoTOR RS R R A s
A AL R0 D) 22k

e
.
yp—————— N
A
= ~ Drucker-Prager
< y—————————\
 ~ N 1
I 1%
— I
[EPOrOUS T I
S Giaiiai = 1
S YA o |
" our e i —
— N — =1
—— w‘ Corn Cla
- 71—
a N7 ] 190/
—— ==,
~— —
A
=—]

T
Mohr-Coulomh
A%

B SRR T 7R R T AU 1 N
Fig. 1 Statistics of constitutive material model used in powder

metallurgy simulation'!

UgFE HER: 2019-12-11
LR | 4485 S A & 7 81(2019B010943001);

Shima-Oyane #5704 PV — ol 70 (1) 22 L 43 J@ A8
B SE M4 Kuhn A1 Downey [ 22 £L 4 J& A5 8 VA J iy ok
ff). Shima-Oyane 5% 7843 2% J& 1 Jei i i bt A0S 2 Fi
A4k, 3L R R il R

_1 s pz 12 _ 1

F_7(q +F) o,=0 ey
Hrpr, g /& Mises SN J)s p &KL T oy 22154
JRBERE TR IREREE: y M1 B RA RIS H, A
X FE R A, OB

7 =(b +b2pb3 )b4 (2)

B=(q,+q,p")" 3)
Hrp b, A1 g, MBS 250, B 2 J& Shima-Oyane 1
Bt rb i e i o JLTRAIR ERGETE, BEAE Kl
R AR A R D, KK b K, n
JTMEYT T Von Mises i JIRUEN] . Lee 55 ABF5T AL
Shima-Oyane tt Cam-Clay Fll Drucker-Prager/Cap %5 i
7 R0 B3 TR A s AR ULO) . (H Khoei TNk 764
RABN B RBRACHE LN ORBIF@EI B » 244
JE K R 4 AR RN HERA T . TRk B R L
KR, Hohrhrg B 5 PUR AR, oAk} Pk 54z
Tyt . Friddy PR Shima-Oyane #5284 T8 fini&
GRSk 2 L), MRS R R,

Drucker-Prager/Cap £5 7 PIZE#} 2 s 1 i A48l b
HERNE N . & 2EET Mohr-Coulomb %Y,

EFRHE AL (2017-VI-0009-0080)

1EEEN: T M, 5, 1984 4, -+, HIIMEP R BEa R AR, 7R HII 518045, E-mail: wangchao1234142@hotmail.com



+ 3116 -

Wi G ld MRS TR

949 %

K 2 Shima-Oyane 1% %4 [1] JiE IR [0
Fig.2 Yield surface of Shima-Oyane model

S8 S IR IS 2% 18 TR ACRURL A RL ) Y BESE A o [) I
FI Cap #5220 [ i) 2 9 52 A5 v [ 1 58 82 1 I PR K
(B 3) o BMZH 1A b R AR R 2
FEANF U AL . e T e A

Drucker-Prager i I} b8 %4 :

F=q-ptanfi—-d=0 (4)

Cap JE R A %L :

F.=\lp-p.J +[RqF —R(d + p,tan )=0 (5)

Hrpr, g =2 Mises SN Ty, p KT, d 2R 2R
J1, B RMEISEL. R JE cap HIIERIEHIZEL p, i 2
AN Jeft M PR AT I SR o A R IA AR AL, 3 TR
SEFKIE D) po SR HAARIN A e CR. Bl 3 iR
T Drucker-Prager/Cap H7! [¥) Jist Al 11 S LA A I i
Wikman® 1 Khoeit'™ "4% A 4§ f] Drucker-Prager/Cap
Xf 4 JE Ry AR I Hs il R EAT 1AL, IR b SIS EAT 0]
tho tbah, FogRokiAy, U Cam-Clay AR %%, AT
MM ARG ST ERRI 3, B SR Drucker-Prager/Cap
BT i e T Hs T R B BR R A RE b7 s EE AN 7] 1 117
B, BRI T TR W2 2 R N B, BEAE # R 3k
%L, Drucker-Prager/Cap 2 [ i Hie [ 23t i il £E
B ECE S JE ) Von Mises i ilifi, 15 SEFRAE
ANEE, P DU A 455 8 s i) o R 1) 0 8 7 AR AR K
o IRy, R TARMEER PR R e e L2, &
J& 25 AR AR AL BH AR Ky e A #4 K}, Drucker-Prager/Cap
LT igh S T T

h TR PR P AE AR i) R, AR T
F PP EE T DL B (O AR . Ul Lee A1 Kim!'7E
Drucker-Prager/Cap 1 2 [1) 5E il I, %F Cap Jii Ik (I 2EAT
EIE:

g+ A(p)cosh{B(p)p}=C(p) (EHIHTH) (6)

g +cosh{ B(p)p}=C(p) (HilJEH) (7)
HGINT 3 A SHAE BEAR G5 B A(p) . B(p)
L Clp)s p AR EE L o SRR AR T8 R Hs

NS z

R(d+p, tan f5)

K] 3 Drucker-Prager/Cap #5%4 f) Ji JIR 1f
Fig.3 Yield surface of Drucker-Prager/Cap model

& ABr B ) Cap Ja ki, HWSIANT KZS5, I
BB IR AE ) 4y T S 2 PR A, TN H A
i, 534h Lee MR JCL X B Drucker-Prager Jit i 1f
BB R FE P A I . Han 25 AISHE H T 8 i b
AR %2 Drucker-Prager/Cap #5254 i 5 (41 KL 2 %
758, DN 38 ek S 56 B3040 3k A4 R R AN R RH 0 2 B2
N IR AR A, AR IR e, B Ak
AR RSB EHA R . hAh, Abouaf!'*'®),
Kuhn!" VR KimPO% B0 42 s by A 1 5 3 s il
K E B DU AR A il IR A B BUR A R, (HIX SRR
B2 T PN 5 I R) R AR OGN AR T, TRk aR A
BEAS 5 (19 HE J7 2295 1 . Nguyena® Vil Abdelhefeezal®!
SN 03 ) e s AR A 1 B 22 L < Je ABE 2R R R A SR A 28
ARG S, AR AR REE R O R T R, BFi R
I AR RS IR S NP T AR SCR A, 45 21 50 e
(3 B3 AT o WEAN, A I B Rtk (DEMD P20
ST 1% (MDD PO LRy R v A B AT T
S TIOUE RO FE AL T <6 Ja by oA URE A s il ek R v 2
T I ERAEA,, ARX SETOU T VAT ARy, AN
SRRV

MANARIAT BB R AL, Kk KA R
JIEREVE S5 A N BUE A EHE Von Mises Ji i #E I AH G
B, ERWREDGIALESEEN T, gk
Drucker-Prager/Cap B8, £t 5B 7] I 34 42 J& By K
FE AN R B BER 7 22 R P B AR B o fe 2 1%
H5E 20 I T B v ek < PSR I R e R AL

1 BRFL
g T HER RIS TR AN IR R AR
fh, Bl A 1N B R E R R B TG 2 A

B BUERS s (KB LAY
1) 5 & by A A 391, OB AR N AT Drucker-



%9 1)

T A NH T ARG 418 IE Drucker-Prager/Cap 5724

* 3117

Prager/Cap 15 2 (¥ RIURE A R AIE

2) AR K AR H S 3T, BRI ) Jee T T Y. 24 PR
Tl 7EAH Y. 305 4 JE 1Y) Von Mises e JIIETCAPY,  H R %L
AR, PGBR AT T Von Mises Ji I IHT «

Jit L{E Drucker-Prager/Cap #5554 (1) JE Al b 14T DA
INCEE

(1) BBAE 41l , Drucker-Prager Jif JIf [ %E £
45 Von Mises J /IR AT A (py, gyl EAZF)
(K 4)
9, ~ ®)
tan 3,
(2) 1T Drucker-Prager A1 Cap Jii JIi 1A~ §E & 1

py =

Von Mises i i, Wg, < g,, 8 p, < p o FTLL,

G %l Lo~ P Po _ Puo, & gk 54
Py Py Py Py

HEm e Py Py Py —> © Fﬁu&—)l,
Py

&_)Oo
Py

g P fn Lo gk % (i s) , s
Py Py

_ PaoPvP, 9)
P, =
PaoPy T ProPy — PaoPro

T3t Cap MIBARFERISH R A2 H

R__ PP (10)
p,tan f+d
0
/ “ Po \ \ \
- ’ P a0 P b0 : p y = il

4 f51E) Drucker-Prager/Cap #5174
Fig. 4 Modified Drucker-Prager/Cap model

Ms p. M P %R
Py Py

Fig.5 Relationship between Pa and p,

py Py

() S LA RIA IR, B Ry R Hs i i R e g 2
VEARIE , BURLI AR ELWE A, K4 ) d ez i nts
R A ml T~ BT B O R RORL Rl S, R 4
J1 d &R T Von Mises JEIRIRSE . IXE—A
U S IS [R) RN 308 BEAH DG ) B S d=d (T, 1, p)-
N B, AR A EER R d = d ().
Drucker-Prager JE IR %8 A 5SJiEks, B AA:

ﬁ=arctam[ay dj (11)

y

Z R A L@MG), B %t )5 M Drucker-
Prager/Cap BT a] UL R 7 FE IR
F,=q—ptan[ B(p)]-d(p)=0 (12)

Fo= o= p. () + [R(o)T - R(p)-{d(p) 13,
+ p.(p) tanl A(p)]} = 0

o,

R(p) = Po(p)— p.(P)

p.(p)tan[B(p)]+d(p)
P Py(P)P,

PaoPy(P)+ PooPy — PaoPro

—d
tan[B(p)] = L 4P)

p.(p)=

y
_ _Pw~ R,d,

paO

1+ R, tan B,
q, —d,
tan S,
5 Drucker-Prager/Cap #i#4—#¢, [N A1/ Drucker-
Prager #E W I g ARG B), EPEHRN

Py =



+ 3118 -

Wi G ld MRS TR

49 %

0, = Jilp.(p) - plan B(p)}* +[R(p)gF  (14)

N 335 /2 Cap #EWIN A SCIRR ), BB 3555 Jes il v )
FH A .

P LB HA . WL o, WIERTEARIE H 2
H Rys THALHHZL po(p), HHER I A I Z d(p) LA KAH B
B0 IR oy CH gD o BH T4 RIORE 1) i 4L,
YERT, S0 s ) 28 B AE i IR S T 2 A IR K K,
DA LG A S B A oy W70 22 oy B0 4 e e IR e
fio R Z =W, dp)RZRA KK, W dp)=
d(po)=dy. ML, 5 AAZIEM Drucker-Prager/Cap F57Y
LG, BRI T 80% &8 8RR L oy — NS
. K 4 EoR THEIER Drucker-Prager/Cap A5 %Y [ i
MR ARG B o BEAE R AR B T T 1, Cap
Jei IR T R 8% 0T T Von Mises Jift fIi 1 , Drucker-Prager
JE ifi 55 Cap JE i (948 5 B BT T A K.

2 FREVIGIE

W Lee %5 AR5 Hd . po=0.61 d=dy=0.
Bo=63.4°F1 R=0.275, p(p) A (7) K SCHR[14] T FE it
WSO R . AFIERLE T d ML, K o=
450 MPa., £id FiRJ7iHE, 455w 6 fis. b
BRI B ARSI T A, mT AR I

(1) BERAENG SN AR A 3 0 FRPRESN, JH
IR TR S B 5 SRR AR ORKE B, AR RN IR R,
PIAELE— 1R 22

(2) HHXT T4 S Drucker-Prager/Cap (R H 0.3)
B, P AR Fs AT 22 AN K, (EBT AR 2 7 v 3
WRER PPN 25 AT AR R G

(3) 5 Lee $HMBAHLL, 76T S HORK KK
TS DL N, TS REORKFAH RS FE

400
N\
300 N
AY
~. \
N, \
£ 0.925 N \
= 200 0.900 —_ 1 \
S 0.875 T~ O \
0.850 QN \
AP LRI
. ~ \
100 F0.775 LEID\& \§ e YON
.750 N O\ e \i VIR
04725 AL R
0 AR ‘\ \0 .\ AN
0 100 200 300
p/MPa

Ko BERUTIEM L5 s R Ll

Fig.6 Comparison of model prediction and experimental data'*’

Han 25 A\ SHE T30 > B 56 I % Drucker-
Prager/Cap B MRS E0 177 %, IFIlE Tk R
MEZE dv pos pas Br R SAHXTEE p MK R.
AR AR I H A, po(p) CHHIRSCHRAET) pr-evor ElE K
AR BDF d(p) WK 7 FioR, BLK Br=63.4°,
Ro=0.58. po=0.476, FFMBB 6,=150 MPa. i AR
TR R(p)s pa(p) T o)Wl 8 P W LR ILE B
1) Drucker-Prager/Cap #ALXS R(p)s pa(p) 172210
PATRIRLFAF, DAEMXS BN 0.9 FIENLT,
R(p) TR A7 A — 58 R FE BARA o AN R(p) IR 56 3L
i (E 8a) KIL, Re=0.58 55 H &0 s 1n (1) A
AHAF A, TR 4 JHC At 5040 35K FL I 2l Ro=0.7, R(p)
T pap) 52 R0 08K B I 0 140 Hdhs o bl TSR
seE ], ORGSO S ECEM B R IR A B,
ARG, B LUE SRS () IR 5 I AS K

3 1REIN

W ABERL RN T8 i A S R B IS
i AU, I 5 45 G2 1K) Drucker-Prager/Cap £ 28 73 Hy
S HEAT R LG o AR R T2 R T
(045 3% N, e )t Ot o % 1 I) & 1R S g, T] I i
i, A ABUE AR RE S . S S R R ]
FEREF R R RS d B R AR KA, R
¥ BT+ Von Mises JERME . HT RIS d 5 p
IR R dp)ME LU E . DUR L RALRon  ni 9 pr
71N IR AU 2k R L

dO ,0 < pt (15)
d=4,p_
Lo ayrd, oo
t
Horr, p Joki g 1 ITUR A A R B A
200 20
—A— p
—o— d
150 + 16
12 -
E 100 | %
E 1* s
s0f N
+ /“
L=t : - 0
0.4 0.6 0.8 1.0

K7 SR INAT A RR S g s R &5 ) g A0 2 R R AL G R
Fig.7  Experimental data: relationship between hydrostatic
pressure and relative density as well as relationship

between cohesion and relative density!”!



F 9 A% R RYA 4148 IE Drucker-Prager/Cap #5271 * 3119«
2l 40 70
—A— Experimental data 17 —A&— Experimental data b —A— Experimental data c
1.6}F Proposed model A 35+ Proposed model cA —— Proposed model
- - = Proposed model (R,=0.7) 4 30 - == Proposed model (R =0.7) 65 - - - Proposed model (R =0.7)
L\A\
L Apa
12t §5 —
=] = 20 60
2 = Y
54 15+
0.8 10 55+
5t
0.4 . 1 1 L . 0 . . 50 1 .
0.4 0.6 0.8 1.0 04 0.6 0.8 1.0 04 0.6 0.8 1.0
p P

K8 BB R(p)s pa(p) M B(p) S50 Kotk xT LL

Fig.8 Comparison of model prediction and experimental data!”®!: (a) relationship between R and p; (b) relationship between p, and p;

(c) relationship between f and p

A
+
dy Tttt TTTTTTmA
ra
LA
i B
ri 1
i ]
£ .
r i
e s
/ )
d() I ——— |
i i 1
| ' .
B N ]
i 1 :
i i N
! !
i i =
>
Po Pt 1 P

K9 dip)fITL kR

Fig.9 Bilinear relationship between d and p

& JE M A K FGH4097 Bt mi & 4, Mkl =
M dy=1Pa. Bo=70° R=0.2. po=0.57, 3% %@ Jui
MR E oy HISEREINTE , po(p) A3 R B MR
W22 B o BTV N9 . M RMBER a3 P s
XA

& IEMARBAE I TEA B NAEN, £ 1200 CHI
150 MPa [ J) F HEAT #0ER i s o AR AT T lo0) 4 A
43 HJ0 (CAX4R) , £ ABAQUS standard HiE4T 1154

R T S5 A LR T R S5 28 RH 6 5 B 1) 43 AT P
10 fros. AILLEH, S@dEEEZ G, MEDERE
TARKEE, AR EEA RS % mis]. il
PR =R T p=0.7,0.8,0.9, KILEIX—TLHEN,
po (AT BRLIR) S5 A AN K o T RE 78 25 1 s 1R Ay
BN T), MOBMR A S K R 7 R s R, B LA
S BB RIS ) d(T, t, p)I TR ALK 45 SRS w4 PR
o R < JE A RE R A 10 R ) e R e v W 11 .

SDV1

(Avg: 75%)
+9.912e-01
+9.911e-01

+9.900e-01

10 SIS 5 AR T8 L5 A 0 A
Fig.10 Metal deformation after HIP and distribution of relative

density (p=0.8)

BEE p HIMTIN, AR (B 11a) ZBETFEAC, 1
mcai A (B 1) EETE N, H p R il ) 4
Mmoo 8. B’ 11 R T REEIEK
Drucker-Prager/Cap & 8 (BEAU S5 IR, AT LLRIL, B IE
ORI (35 Py T ORIUL RO RS B2, EADRRC I 5 R %
FETTHE p IIEHE .

BARAEA Y B L, 2 FhASE IR 1 43 4 SR 22 )
ARSI A2 o RO D6 LN Dy oy A, T DU BN
(RS 25 AR 22 AR . B 12 [ T WISEE A AR 28 B B IS
BB AN ) o34 ARWIE, BIERELKS Mises M
3 BRERIAE 350 < i 1 S JIRSREE (1200 “CI24 35 MPa)
PLR s 11 1 4% 48 1) Drucker-Prager/Cap Model #5811 45
RN ) WIAE 4 A v b s 21 130 MPa, T 208 46
J& 1) e IR Y ) 35 MPa fR % .

RRLALh 1% 22 53 A7«

(1) BMSHRIE: AERRBR T, ZEM K2
oS L SCRECY 2R, HEWT d(p)s

(2) MBMRER R PSRRI AT, MR AR
PRI WL ITAHDCH B A R, (H 2 A At
T, S ot ARG THT 5 AR K 25 85 AL BE AR G . Nguyenal™!)



Wi G ld MRS TR

49 %

*3120 -
0.170
—m— Radial shirmk rate a
_ _ _ Experiment radial
hrink
o 0.165}F shrink rate
b
=2
=
.= 0.160
£
wn
=
E 0.155
0.150 1 1 1 1
/=0.7 ~=0.8 £¢=0.9 DP/Cap Model
0.220
r —m— Axial shrink rate b
0215F Experimentradial
© | = = = shrink rate
S 0210F
= |
£ 0205} —
- L__ 14 __________
% 0.200
< |
0.195
0.190 L . . .
pE0.7 p=0.8 p¢=0.9 DP/Cap Model
K11 A S e 2
Fig.11 Shrinkage after HIP: (a) radial shrinkage and (b) axial
shrinkage
o o A
S, Mises
(Avg: 75%)
+1.315e+08
+3.500e+07
13315107 (
iy AN = ~
T Drucker-Prager/Cap model
L e —
S . po
M S

Proposed model (£=0.8)

12 ORERT B @ B R K Mises [N 73 734
Fig.12 Mises stress distribution of metal powder under dwell

condition

1 Abdelhefeeza > [ iF 57 2 W , 4[] sf 17 P 0 A8 78
SR BER 2D 0. AE AR S 3 2 0 B A o
FEAFIREAY BT LI R 5 I N R AR B

(3) WIS AT 2 WAL 2 B AR 46 4 1
Msghr b, AEREN ). MARRBS M. BE L
IR Cndh <5 LA e R, #
o Rt e AR

(4) DA E: BEARUE R AE T 1A S B
FETT A AT AT, AH S bR 132 30 0 P2 45 # B 10
JRI PR, 1 G B A3 A 0T g AN AT

(5) AR AR5 2 . oy AR A A B T ) 3
SO0, R FH R B b A A E RS R e A

PB4, MO RS0 4R A 3 th Tt
A B VL3R T R I 00 2745 09
T, PUR S, (R MRRIL, 2 Pl
TR 81 45 S B R K

4 % it

1) a5 NBCE AR IR 25, %) Drucker-
Prager/Cap A5 20 H8 A AR Jit ik i Biti A5 s o o 7
H B AR Von Mises i IR HTX — A& BEIL R AT
TEIE.

2) AT EE 2 ZH SCHR ) SEEG P IR, i AR AR 2R T
W R AAMLmRR R, HylASHE D,

3) AEAEER R A BRCEl R T AR
FRIRG 25 )RR O 3 FE I R &R d(p), BRI d(p)fE— &
BEERERNBEMLEG R EAKR. SREEIE
Drucker-Prager/Cap F R A4 45 A EE, P th A9 48 1E
PR B ATy PBRURE B, BN ) A s o A B

S0k
[1] Black J T, Kohser R A. DeGarmo's Materials and Processes in
Manufacturing, 12nd Ed[M]. USA: Wiley, 2017: 320

References

[2] Shima S, Oyane M. International Journal of Mechanical
Sciences[J], 1976, 18: 285

[3] Simulia D, ABAQUS 6.14 Analysis User’s Manual[M].
Dassault: Dassault Systémes, France, 2014

[4] Stanley G S, Darrel A Doman. Journal of Machinery
Manufacturing and Automation[J], 2014, 3: 32

[5] Kuhn H A, Downey C L. International Journal of Powder
Metallurgy[J], 1971, 7: 15

[6] Lee M C, Chung S H, Cho ] H et al. International Journal of
Powder Metallurgy[J], 2008, 51: 89

[7] Khoei A R. Computational Plasticity in Powder Forming
Processes[M]. Holland: Elsevier, 2005: 44

[8] German R M. Powder Metallurgy and Particulate Materials
Processing: the Processes, Materials, Products, Properties,
and Applications[M]. Princeton: Metal Powder Industries
Federation, 2005: 1

[9] Wikman B, Bergman G, Oldenburg M et al. Structural and
Multidisciplinary Optimization[J], 2006, 31: 400

[10] Khoei A R, Shamloo A, Azami A R. International Journal of
Solids and Structures[J], 2006, 43: 5421

[11] Khoei A R, Azami A R, Azizi S. Journal of Materials
Processing Technology[J], 2007, 185: 166

[12] PM Modnet Research Group. International Journal of
Powder Metallurgy[J], 2002, 45: 335



%9 1)

T A NH T ARG 418 IE Drucker-Prager/Cap 5724

° 3121 ¢

[13] Armstrong S, Godby V, Rachakonda V B S ef al. The 1993
International Conference & Exhibition on Powder Metallurgy
[C]. Nashville, TN, USA, 1993: 165

[14] Lee S C, Kim K T. International Journal of Mechanical
Sciences[J], 2002, 44: 1295

[15] Han L H, Elliott J A, Bentham A C et al. International
Journal of Solids and Structures[J], 2008 45: 3088

[16] Abouaf M, Chenot J, Raisson G et al. Computer Methods in
Applied Mechanics and Engineering[J], 1988, 25: 191

[17] Abouaf M, Chenot J L. International Journal of Material
Forming[J], 1986, 5: 121

[18] Abouaf M, Raisson G, Wey E. Proceedings of the 3rd
International Conference on Hot Isostatic Pressing[C].
London: Bellstone-Shrewsbury, 1986: 10

[19] Kuhn L T, McMeeking R. International Journal of
Mechanical Sciences[J], 1992, 34: 563

[20] Kim K T, Kwon Y S, Kim H G. International Journal of
Mechanical Sciences [J], 1997, 39: 1011

[21] Nguyena C V, Deng Y, Bezold A et al. Computer Methods in
Applied Mechanics and Engineering[J], 2017, 315: 302

[22] Abdelhafeeza A M, Essaa K E A. Procedia CIRP[J], 2016, 55:
188

[23] Martin C L, Bouvard D. Acta Materialia[J], 2003, 51: 373

[24] Martin C L, Bouvard D. International Journal of Mechanical
Sciences[J], 2004, 46: 907

[25] Skrinjar O, Larsson P. Acta Materialia[J], 2004, 52: 1871

[26] Li J, Sarkar S, Cox W T. Physical Review B[J]], 2011, 84:
054 103

[27] Qu Zonghong(F52 %), Liu Jiantao(X)%¥%), Zhang Guoxing(ik
[ &) et al. Transactions of Materials and Heat Treatment(#}
KA B[], 2017, 38: 173

A Modified Drucker-Prager/Cap Model for Powder Metallurgy

Wang Chao'?, Xiao Lei', Zhang Gaoxiang', Guo Jianzheng'”
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518045, China)
(2. Shenzhen Wedge Aviation Technology Co., Ltd, Shenzhen 518045, China)

(3. Powder Metallurgy Institute, Central South University, Changsha 410083, China)

Abstract: Powder metallurgy is an important part of the forming process for metal materials. However, most material models are not able

to simulate the variation of mechanical characters during the compressing process. In this paper, the Drucker-Prager/Cap model was

modified by introducing the yield strength of fully densified metal. This modified Drucker-Prager/Cap model can limit the yield strength of

metal powder within the Von Mises surface of a fully densified metal. With the compressing process, the powder’s surface is infinitely

close to Von Mises surface. By comparing the model prediction and the published experimental results, it is demonstrated that this

modified model works well in terms of accuracy. And, it is applied to the simulation of a hot isostatic pressing for a superalloy. The

prediction of the deformation as well as the stress distribution by this model is more accurate than that by the traditional

Drucker-Prager/Cap model.
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