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Numerical simulation for inverse extrusion forming of the hole
of a rigging joint based on DEFORM
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Abstract : In order to study the feasibility of hot forging forming process for rigging joints, the numerical simulation of hot
inverse extrusion forming technology of the hole of a rigging joint is analyzed with finite element method, and the formability of
rigging joint hole is analyzed from both metal flow regularity and metal streamline distribution. The relationships of rigging
joints under different extrusion conditions between stress field, strain field and change of grain size of the extrusion parts are
studied, The extrusion technological parameters are obtained which are initial temperature of 1 100~1 150 C and extrusion
speed of 10 mm/s. Through finite element analysis, after forming of the hole under extrusion, the simulation results show that
the distribution of metal flow line is reasonable, there is no obvious cross or fracture, the forming result is good, and the

dimensional accuracy is high. So the hot inverse extrusion forming of the hole of the rigging joint is feasible.

WA H 38 :2016-12-305 & [ H 1 : 2017-02-18 5 3¢ 4T 4 48 « B 43K

F4H LA BRI E (15211804D)

H—VEF WA FLBEF (1988—) , 5, WL HR R A , A0 LB 50 A, 222 DA 36 M o T 0 i PO RIF 52

B IR H R . E-mail:hpb68@163. com

HWIEE, B, &5 %, %. BT DEFORM M2 B335 WAL R85 R BUE ZOE AT, W bRl R4 2 )8, 2017, 38(4) : 383-388.

JI Xiaolei, HAN Pengbiao, LU Suling, et al. Numerical simulation for inverse extrusion forming of the hole of a rigging joint based on

DEFORM[J]. Journal of Hebei University of Science and Technology,2017,38(4) :383-388.



384 ECI I A= 5 = = 2017 4¢

Keywords:: plastic forming processing and equipment; rigging joint; inverse extrusion; forming of the hole; numerical simula-

tion; molding process

REBKAA—FZ W Z BT &9 AR & RIFR 12468, i R AW T RESE
B, BRTREES KR TE EBOR AR IR R B S R A U . A IR B D LS A 4L
ARAL s BRI X SR D A T AR R B AR T R ERRE T, 7 AR B B P 0 R Sk T O M 1
o MFENE TGRS GG LSRG - E R B iR bR B R LR AR B
FE B RIE T2 BRRE 4R R A 7 3 SRR 1T 29 JRA , R i iR R 4R TH R B Sk i 2 e et

3R il DEFORM-3D B EAE AU X 12 il 4 247 AL 23 A . DEFORM-3D W] D43 A7 & J& iUE
WP AR R A AT R REE MBS B R R B LT 82 b 48 W sh U
oA o i AR Bk AL B T BRUTE B AT AT e 5 38 2 o A B T o 7 R B g A0 R A i DA B R B RS
BHATHRSTETZSH, TSR TZR0 A, RS8R Bk BB E T 28R R sk Rt
BRI,

1 FEHIZHSHW

Al F BT AR 20 Cr, BB JE BRI AEANE 1 TR . AR LR R 2%, B3R5 2 dhy 2 B AR A K
TR & BB IR IR, T 3R R A N B AL B HE AR LR A1 3R T A b 2k B 2 Y Y T L 2% i B SR B
B AF » 48 08 350 0 B e AR (52000 SR P SRR BB R (R U (I T 2 s S B R P s R, SR T B 5 ™
MR R BERIE T2 . MRAEE LN ERIE H A RAA 580 B /R B , BT R IE 59 il 18 28 Sh 4k
BB, KR GERIEEERERTEENER R E, AR TAMEANLRSTERE TZS8EFHRE, N
b A1 P9 FL A 2 B R B IR SEAT RO 2 B T E Bt gE, A — R EIE B L, B8 L Pr A = R T
ZRHRED

b\

= £ 72
% el

7 3
waZZ

!
06
- 71 1
=N o4
Ny g ; PALF ymm - FAL :mm

Bl ~&BKRRT B2 =
Fig. 1 Product shape Fig.2 Blank

168

169

122

127.5 ﬁ l
78
[ -
sl s

2 EEREREG

2.1 HEWES

B RS R T LLE W, 78 BUE R, SR A/ i
SRBREZBIMEBE DR EHHRAESRB MDA EHA
W BUEARE 2B A, iz F] DEFORM 344X % il 4 19 BUE
ot B AT BOE AU 43 A, VLB L R 4 (A B RS R ROR . A
F Solidworks % 7. il 4 R A5 B/ = 4R R, g 52 (R A8 2 3L
S it STL 4538 A5 F-5 A DEFORM-SD BB MO fay o s i a gt 5,
R R o A BR T J LA B Y 1] I A 1] 3 s o
2.2 HWESHEE

e BUE 1ot 2 o, R[] /Y 5% 1R BE A0 BF Hs 3 BE X 4 39

B3 LR

Fig.3 Geometric model



%4 BB %% % . 2 T DEFORM KRB L WAL R B R T £ E B 385

R M2 AR R . N BB G HNBESE AR T B4 KR 00 4R 18 B 70 0 1
1100,1 150,1 200 °C, (AR )5 e # B 3 B 1,5,10 mm/s FEATHEIEL . R FIAE X 0 A% Rl 23 77 20Ks 2281 K1
43 40 000 B TT , il PF 44 B XH B2 DEFORM A g AISI-5120, BER A4 K 8 AISI-H-13. $F AT XA #E 17
P BRGEBE A 250 °C, B3R SRR BTy S SO0 BY VI EE 8, BE YR R MM 0. 3. SRR BMRR, A
MRS AR A B T AR B 2% BB 1% A WP, SRR SRR B PSS R HOCH 1 N/ (mm + s+ T,

3 BERMERESH

3.1 mEHESH

A A AL BT I BT R 7T I\ )8 L sh AL A B Wi 4 o A B 7 TET AT 20 AT . 2 U S L S ik
THEBEBR &R TR RO 2 ERREIR. RN IEN, &R EHA 01
AL W SR BHTEFRN BE R AT ERE R 1100 C,HFEHE R 1 mm/s,
Bl 4 memmshIEo, B 5 hERm L.

a) FER 45% b) FHE& 75% ¢) FER 100% a) BYHER b) BEE

H4 RRATEELEGADERL S5 2BAKSA
Fig. 4 Flow of metal under different press stroke Fig.5 Analysis of metal flow line

HE 4 TR T ER 4500t @R R BT . Z B T Wk (B E, £ BB T R B R SISNER —
R4 4 R 1 i S YR Bl L SE TR N R B 7500 0, R W 3 B R A TR B IR T, Bo i 3R I Ab B R I R
REEFSD 2T R R K E 10000 B, it < o S0 o (B i, 5 R BUR SR IR, B BUR BUR B4, RO
BEEE

HE S AR REEMGRITUR S, REARRERRINER R . b THEELGRIERE
- SRE R ERENBER, @RREHE —ENS . REFIRRIRSZEPEE BHREMEESRRK
HREEZL., BONRBFELSES, SRME S B, IR B I W REEGRIE W2 T 5 R R AR
FHEREEOR.

3.2 FNREHE R IR X R A R 2 R R R K /N B R N

B IR B SRR 20Cr 4 i B2 3 R e 8 19, % I
R B AT X AR B . e RGBT E AR B R AR TR
BOR, HAEARSE B9 B 18] P9 58 ) 65 7= 2 R B 9 32 T 8K, R et
RS R B A EE A R L BE IR AT K B IR B & 1
V146 Y B I8 A0SR 0 46 B R IR BT R 6 R W
R K RT BKE B [ I ok 2> AR & JR B0 T B B
D st % ) 0 2 B TR P BEAT B S, W SE PR AR R R 2 5

.

SR L MR SEIR A 7B A KBS0 0 B I  B6 AERAER
R 1 100,1 150,1 200 °C 45 EEE Y 1 mm/s. % Fig. 6 Diagram of points sort

T BT R B R B P A XA B SR B
HEE A TR, A ABEEWME 6 i, A S B AR A (195,320,200), B 7 ONREIRIE B EEE T , B
B5 s AN MR RER;E 8 AAFRMBIEE T RERE SN RNMNSHE.



386 ECI I A= 5 = = 2017 4¢
600 - 201
+1200C
a0l +1200C 1150 C
~1150C LS =1100°C
S0l T110C
g B
-R g 1.0
= 240
1201 05f
1 L L L L I
0 1020 30 40 50 60 0 10 20 30 40 50 60
Bt 6 /s e 1B/
a) MA b) A

B7 RANMMBEBRESEAN BEXR

Fig. 7 Relationships between extrusion temperature and stress and strain
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Fig. 8 Relationship between grain size and quantity under different extrusion temperature
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Fig. 9 Relationships between stress and strain and displacement under different extrusion speed
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Fig. 10 Relationship between grain size and quantity under different extrusion speed
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