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Computer Analysis and Elimination to Metallurgical Defects
in Tool-Die Steel Deposit Prepared by Spray Forming

ZHANG Yong, ZHANG Guoqing, LI Zhou, YUAN Hua, XU Wenyong

(Science and technology Laboratory of Advanced High Temperature Structural Materials,
Beijing Institute of Aeronautical Materials AVIC, Beijing 100095, China)

Abstract: With the help of finite element method computing, the formation of metallurgical defects, such as hot tear,
porosity etc was analyzed and the process of reducing the defects was verified in the paper. We found that the hot tear and
porosity in tool-die steel are caused by the pull stress engendered by cooling contract and insufficient feeding of liquid met-
al in local position in billet. The hot isostatic pressing temperature employed is 170 °C, and forging processing tempera-

ture can reach 150 °C , die steel exhibits a certain plasticity at these temperatures, the hot processing can close metallurgi-
cal defects inside of the material after the thermal processing of the high temperature and pressure. Forging and hot roll
process are important method to decrease and eliminate the looseness and porosity in deposit of tool-die steel. Further, as
compared with the Ar gas, for tool and die steel prepared by spray forming thermal processing with the N,, deposition

green density can close to the theoretical density.

Key words: spray forming; high speed steel deposit; finite element method ; numerical simulation

il

1 ®I

WIS I (Spray Forming ) 4159 245 4 J 2 1 (DR 7
IE ) 025 A i B URR (Bh R BUE AL ) &5 B e — 20 B i
ferbog !, ANEISBR T 2 UL R AT RUHLK Sk, 1T FLRE
BT A= AT, R B T A B e AT 4 S i R

WKisEE: 2012-09-10

E£WH: EERESILIE LRI (20011CB606303)
F—EEREEEE: Kk T, B, 1976 484, Wi, S TR
DOI. 10.7502/j. issn. 1674 —3962.2012. 12. 08

MERA 4. THAM, SREESHE%ED, Wi,
TEMUZ ALK . MR, DASON T 3 450 B AT T o] ) 17
FHATSE . SR, AR OB A LA EARZ A, (Rl
ke by . PR GG . TEBUN BUE S R,
TRAGH . WABER SN R A, i BT HAAR
R, A e DM RS R, A 5y 70 SRR ) 3 5 i i
By AR, JF HUURRER RO, ™ A i e ) {5 ) A
K, XEEERBEAA AR T A ERE, B2 B A R
FFHAR, 25 J5 S TR 2 7 i B AT R 20 ARG
SN o A AR B B TR e BE B [ G A P AR L TR)



60 Hh R R 2

831 %

W FEE AU R, 5 B Lk B B 5 i R
[, oh T OB A4 el e e A sh AR s, AR M i fR il
om0 145 75 2B 1k R ST ORI PR R 5 i F 45
BB, WFFERET, WSS R TR H A TR B rp 2 [#]
ATV B SRy AR AR 77 A B PR ) RN AR R 58 3 2 i
ARERBAN O — A ZFE . HAT, EANS R
FHFIAAER R . BALECAET IR, $E AU T4 75 s BRI
AL LT AN { I S T o P (48

A FZ WA ROCHHE, o 7 TR AR IR
PN FB AR 1 1) 73 A1 B AN S BRI AR R R, IR T
PINT T ZRE . WA AR AL 5 BRI A e,
WSS IR T HAN R I S {1 T — 2 T 25 At

2 ARTHERANBREZESHRSH

THE BAR RS AL UTRRI 2 R 5, BT T = A 1
FERTUBRER BN J7 0 0 T WARITHE, BFSEXT 4 &
SEFER VTR O X BRI — A )2 ek, e T
W Z A @MCR TR & B 30 em, $R{K AR N
28 em, HEJEBET em; OFARTUB R E
XFX L YIRS 0, HLER{K 2 B T 1 A Xt
XEiAE N 05 ©MARTIFRP) LR R N 1300 °C, [~
MR BEAR, Bl B2 800, 600, 400 C, Hrr, 5k
P UUBR AR B2 Al ) DO B0 I 15 a2 L BE S 70 °C L BRAR
FIFREEIR B 60 C 5 iR K R 50 2 @B e Tl
PTG RIS ]y %o el 45t o i TULRR e UG, B4k
JEC IR AN IR R AR, TR AR T B TR R AR
R AT

R R SECY . %, 8200 kg/m’; T4
FE(HTH), 32 W/ (m - C) 5 HHAE, 700 J/(Kg
- C) s MK R, 1.3e -5/C; MR, 1.8e+
11 Pa; JHFALL, 0.32,

3 HEERSW

P LR MR B HEAR I 5 AT BROT TS 1 B R AR A 3R
(R BN J) oA o AR A R A B S AR AR B Pa,
PRI 345 2R R ) B 0 Pa

HIPE L B ai Rl AR, SR8 T FER AR v i3
(7 ERAEIAR A 9 AR, I B R R AR A
HI T AEWE S 58 AU, BRI B AR AL, MLz
T, FETURER A TR AN fR g b L AR e, 7eizat
T It e v B AN o 3 PTG R ) S B g B3 it e v
AL S UR Rl FHARE B2 A o h TR
IR R IR B R, e — 2 5e”, XWR e
Rt P BE MR B2 D X D7 1 282 T 0 FY BN

ime: 1.600e+001

H 1.720e+009
1.603e+009
| 1.485e+009

1.368e+009
1.251e+009
1.133e+009

1.016e+009
8.985e+008
7.811e+008
6.637e+008
5.463e+008

Equivalent Von Mises Stress

Spray forming columnar Cooling early

deposited billet

Inc: 50
IIIIII Time: 2.0008+002

6.673e+008

6.017e+008
1| 5.360e+008
4.704e+008
4.047e+008
3.391e+008
2.734e+008
2.078e+008
1.421e+008
7.645e+007
1.080e+007

‘ ‘ 6.673e+008
6.017e+008
5.360e+008
4.704e+008
4.047e+008
3.391e+008
2.734e+008
2.078e+008
1.421e+008
7.645e+007
1.080e+007

Cooling medium Cooling late

P M5 OB T BB IR GURLER 3 (4 555800, 13
Fig. 1  Equivalent stress field in billet of spray forming HSS
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Fig. 2 Stress and its distribution of HSS billet during hot working
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I8. 3 Stress and its distribution in billet along hole fringe on X axis
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Fig. 4 Displacement on X and Y axis of HSS billet after hot working
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