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Abstract : Ascertaining the material flow rule, avoding the macro forming defects and disclosing the microstruc-
ture evolution in the isothermal local forging (ILF) have great significance for realizing integrated less—loading
forming of shape and performance for aeronautical large—scale titanium alloy bulkhead. To this end, the research
of macro and micro forming on ILF are reviewed. Firstly, the trans—regional material flow behaviour under the
interaction of multi —deformation zones were elaborated. Secondly, the formation mechanisms and improvement
measures of the forming defects by the ILF were given. Subsquently, the distribution of primary a—phase recrys-
tallization and its grain size were predicted. Finally, the conclusions were given as well as the problems and
challenges in ILF field were pointed out.

Key words: aeronautical large—scale titanium alloy bulkhead; isothermal local forging; trans-regional material
flow; forming defect; microstructure evolution

Citation format:WEI K,MA Q,TANG H B,et al. Material flow rule,defect analysis and microstructure
prediction of isothermal local forging for aeronautical large—scale titanium alloy bulkhead[J]. Journal of East

China Jiaotong University,2021,38(2):94-102.

7% B #9.2021-01-19
HEE£DH . EHEAREEIL S (52005241) ;7105448 B A B2 4 (20192BAB216023 ) ; fiit 25 Bl 24 56 4 (20202047056003 )
EE =N R (1986—) , 5, i+ WF T 5 1] R At 90 1 0P 2k 2 A S5 (BB 40 B2 Ak . E-mail : weike@nchu.edu.cn



552 W

BB AR A2 KR AR A5 R JR) A SRS R IR B ML BB 20 AT K 4L U 95

L 2 AU O e i 7 oMb 1 3% 8 A R X S B R
FPF B0 R P RE R AR e TR R B 2R H £ T
A A2 38 SR L OROR ST AE BT R 0 B e g 00 R 25
A TERRE A 5o 10 BUBK 15 6 25 A o v 58 b
oK Ao A 2 BRAE B (AL 11 #) 45 4 T X7 DR IE 5 B2 A
W B 4 T ) ] i QALK F B, a0 A AR 23 o K
U R S H g e, N, 5¢ [ F22 AL
B EEMAE R B2 AU 5 m? 10 1E 1 (a) B 5 3
FEWAE 8 U7 ¢ BB ML b A= ™ T #F 20 L& 7K
FIEEFFER A 1(b) Fis

(a) F22 HL 5 25k HEH

(b) ¥T 20 L & S5 F HES

1 MEKREKIESL G
Fig.1 Aeronautical large—scale titanium alloy bulkhead
components

BB Z R T R B A AR S, 1
1 RS R R, 5 A R AR R i 52 2, 8 45 1
T2 A 119 T 2% AR P % i g8 O BE D I 4R T, e
IR Tl R 2 AT i 4 Hh AR B AE RO A
W73 O, o 9 b L AR AN TR I H AR 7R O AN BE

P TR DI N7 L IR VAN R N i N7 S 6/
T3Ah R B A AR T A b ) T AR
AR KA A J BB ) I A AN BB R R
RS BRIE ST 3 S bR O R g 4 T o R B e
A, PLIHe A 7 R A 1 B A PR A O 500, ki
B 3T SO 37 75 ¥ 0 T S A A B BRAE AL
PFBRS BB IE Y RARIE N E 2

25 i S5 VA0 B 3 S I O A R S B ) T
RS G, — P STt S i 28 O H AR
AL FEANE 2 Bk AR AOE AT i LIV I
R B SF T A T RE A OV R, AT R R e 4 T
W AT BT 0y, 4 e LB 53 A, R TR RO E B8 K
W5 il 24 AR R R 8w B 0 SR A R
SR BUAE PF A 1 BB o 2R A R R S R i 4
A, Al A R R BRAE 1 4 ) O il i 4 I — Fh
B AT AT I

U UU

(a) BIUHIRAS

(b) H—Mmak b

N

(¢) B In# b (d) 5= m#w
2 BHMBRELEREEY

Fig.2 Schematic diagram of local forging process”

Jo Bt TRAT A Y O B R g R R R RO TR Y
TSR ok A0 X A% il JR) 70 £ i 5 R % TOUL IO Y
RO T R R, AR, R BRAE A 1 1
G RABE R - N2, 2LEXZE £
SRR 1 e B AR LR A R ), A 2 A Y it 2
R AR P ARAE TR XA A Rk 2 5 b 2 3 2
X, DBEURIE X5 REIE X Z AT BAER, 5
K ZUH A 5] AR N | By AR 7 A il & | FE SR
T K A ZUAS 34 5 45 ) R 81D BROE o A S LA il
BRI BRHE RS2 B i 53K



96 NN I N S

2021 4

FURG, A R 25 3 X R B v 1 22 UL
JICHE A I 00 4% ) AT T RIS 3 Ou SEUIRF ST
T S B R R B o R A R ORE R Bl
iy BEEAZ ) SR R BCAE B T SR B TR RER
SNV ARG L, IR AR T 80 XA % J) , Petrov
SEER XA TR ALY AR X PR R 4 e R A 1 R 2
T O 75 2, o fb 7 A5 B g5+ A o A5 0 ) T
1 B 9 A2 A, Chan SEUSEF XI5 22 B0 FRE 14, #R 9
T AR R #ORL L 3h K3 & 1) A R R
Chen S0 M1 1 T FQARAS 85 40 T 58 I 76 K53 8B iod
e v AR 7 U 7 PSR BOR R R
POy IR T BRGE TAS R, RS AL
TR 7 BRAI T BB, 9 17 JH Sk i 7 0 R X ) )
R, R O AN ] DX 3 30 J5E B2 9 O vk LA 4% b1
BHRL N, I3 AT T AR R R RS AR A TR O
Jot e DG S B0 BB 1 SR J S BB o e PR L
ORI 2 AN W7 S B AT LA EOR R R AR B X e 7%
SEREREAN L R A R E SR, SUHAER LR A
43 DX I

UTAF R | BT A 25 TR B AE A 11 45 T ) T Bt i
A4 TR B OB C T T — @ W5 RS T — 2k it
JEE, ARSCEH NG T AR E G TR S By
S, Wl I Ak i SR P AR I T A A RR A Sh LA
SR B B 2 RS ATL B B JHG 2 i 5 ik A B o 0 4 4
PAEAR OGS4 R  dJm Bt 1 RUATS SR A7 16 14 X
EIESEY 1

1 EEEMHEEIZHNIMAR

Ry S B 2 R TR BROAE ) 45 3 =) I B e o A 90
BARBEHEI 3 BT 2 A 7p B R | AR 3 7 B HL
o 2B A B 0 T A JR R AR o 45 0 BRASEELY Fn
AT 308 XU Bl a5l R AL s o 11, R 0 B o 5 it ik
REUNE 3 fron . e W sl 5 Ol £ R RS
P AH T B R G A B it AR AR kDL 52
JRAIL 28 R P BRAE ) S B O S A . A B sl I AL
I8 B R FR R A I OB B B, A R B
T B AR L AT A TR A JER P A o 1
A BRAEE R LR B X B BT S Y T 56
53 M LR PN A R,

1) S B WIE i, A e 68 2 A, 7
ROy DA H AL B e e b HL IR R A 1 4
PRORE, SARMCE AR AL 1RO, MR AR 2 5 AR

FF, A AR 1 AR o S B0 R s . e R
1 R P AR 20, #m R W 4 Fw

2) ML BOEHT, S B S R
A A B B s s O IR A FESE —m gk
FEEAET, BOE RS 1 R R, TR R 1L
PSR RS AL [R] — 7K OF 1T, A AR A
P25 — AR 5 19 TR I35 s T IR FET
U INARAE TR R AR TE X AR TR | 1 1 58 1 36 A 4 12F
I .

T 4 J) 0 BB A ST S N AR D 1) O B 2B IR R N AR
MR, SEBT AR AR ) X8k 0 SRy i AR I, SR
FERAUMEE AT . K 4 Fidn] LU ) #Ak
JEEJE Hy, 55 T AR 2 28 X0 I BRRE =22 ] i E S L, AH A
mERET & IRT L, BoiElss—masbaif
AT ASE 2 55 Bh 42 fl O 7= A AR T8 TT RS B0 1o )
FUREIN, R HR 2 A 1 MUY B R R AR AN BB,
BRI R T T LA MR T &, B Hy=1,

iy T

Chwigh D
5 ‘ S HTRE 1
Iy A2 0
C | o4
N B 2

(a) WS EIIHL (b) 3 E I

3 EEREXEILREY
Fig.3 Implementation process of the local forging™

R

|~

- A2

P =

B e EA R < mEs
Fig.4 First loading step of local forging under single—
action press®



552 W

BB AR A2 KR AR A5 R JR) A SRS R IR B ML BB 20 AT K 4L U 97

2 BEEREM IR NE

PR FE JRy 0 68 3 43 B AsE EL TR fis 9 1) 3 8h 1
S T ERAE AL 2 BT Hh 1) R s 0 SR R R B 7 A A
32 B4R U Sh LA S SR 1 1 O 1 Sy 98
Wyman—Gordon 2 7] i B A BRITEU , 7347 1 )R
T BB ek T o e ) ARk U Bl R TR R SR O, R
FAHE B A% 18 ¥ 390 AR AS TS B0 A1, 90 7 e 3 ety 1 £
T TZESHP, Gao 55K H 58l I3 WS ¥ in 4%
D5 3 BT R AE S 2 A SRy 350 B s U A AR T
VB DXFRAEAE Y 9 2R B A BRTRS L HEAT T 315 2
RFWAE WA N e 5 & 48 T R 5 1) AH I
R RHR 3, AL S TR B 6 5 2k 48 1 W B T
IR o ARE AR SRR FEES a2 K o e T
AN By BE < b R B ) 38 Sh AN AR e iU | b
M ] G 30 o BE b I AR R AL A B A O B S e AR BT
B MR A T R, L BE AR B B N A S 0 T
PRI R 21

Wei P F [ 6 o TALS Bk 4 HE 24 1 2
ik e S s A PR G AR R G A B AR M T S0
AL A R KRR, I T SRR A R
TESE— NN A T5% 1 100% 5 T &0 KB 1E
JE AR X P &R AT A3 A 1 IE AR Ak, A RE DA T 2 0

U B B

P

B L Hoh A s R (- 1),
T b e B AR X (i sh-11) . X2
PR A AN 28 DX A kL 5 R S 2 22 (R AE AR TR B, %
BMEAZE A Gy, 2 AmRSRE, & 8
AR B A KT Ik B 75%F1 90% 1
JE R E T 0 2 DX ST 40 SR ) I AR AL A
SUNEE B /) = VAN A L s i B 2 B i
LR R -1 s, 433 5 4 kL ) 5%
BEAMBX b (Fish-1), BETRAET, %R
ARz B3 22 | AR A8 DX P 1 [ B 2 D | e B
WAk 2 BB 29 SR T 76 4B 3T 43 XA 10 R i % X
HrEA T AN 8 (b) R BT 2 . BLJE , A RHE
1B T ERS  IE = A i 1 i 8h (R sh -1V ), 1% 45
MARHE I % > X iR . Ah, Zhang S22 X £
3 K0 A2 iy 0 B i I 2 DX i) A i 2 X ) A e B RS 2ok
B, kT —& 4R~ A s T R 5,
PiRN AV ST S5 47 i s N 1 B N o A T
FET H AR R 25 I e 3 B s A B B o U X
JE R TUARTREAE B fin 28 75 =K% 43 X2 B3 1 7 78
Ji SO M AR TR 35 S0 M B 2k BB R A X K
B 4 7 AR 1 A T R S BB s R, BT T R R
B RN 1R AR e T AR IR R R R A R
HHZE A 1 7 2 AT 55 4 S 5 5 AR 12F

Velocity/

(a) Jehn#p

Ly |J || 0.87
i | {
| | ] |
N ‘.;J J
I "\ =2 “}. Y b | [
s Cozmanar s s W 7 X ) A NI e AT Y O Y
N TR [ R i -

(b) Jrm#

5 BHBREARMEEEXREHSH
Fig.5 Velocity field distribution of local forging at different forming steps™"



08 R Z W OR R R 2021 4¢

ey

A

TH2

T #R

(a) B4R A (b) H42 B

6 SESMBSARTEETEERS
Fig.6 Schematic diagram of finite element model of isothermal local forging®

Sk x

(E—ma)

(a) e F A 75% (b) JE T4 100%

EH7 BEATE-—MHESHWEERXED
Fig.7 Velocity vector of the first loading step in Path A

JE I # X

(FEmEL) -

(a) JE T4 75% (b) JEF & 90%
B8 HBEBTE_MESHERXED
Fig.8 Velocity vector of the second loading step in Path B>

o TR R AR BT 0, DA SR X P i L, A B
3 EMARREDH AR T £ OB T, R I S B K
Fﬁﬁ T%W@ﬁ%%ﬁﬁcﬁ%m %Lﬂ%a‘ %’leﬂétiomc {Eﬂﬁl unoﬁ# g‘uﬂge l‘lﬁﬁ; sﬁfm%&#%mz E{%\QHWE/{nki.net
*FﬁﬁﬁEE&UT&Tu{ﬁ WA AE RS 1 e A RO R T S ﬁtﬂiﬁﬁﬁﬁﬁiéﬁﬁkﬁxf_f
IFIR] R AR B S 2, R BE AN Bt o A Ve SO BB OGP IR



552 W

BB AR A2 KR AR A5 R JR) A SRS R IR B ML BB 20 AT K 4L U 99

Wei S525R HIE 6 W42 A 20T T R B i
TV X R A TR B L B9 AR gk 90% R
SR T A5 R AR HE s Ol 8 AR A AR 2k
BT 119 S8 0 2 X R B 7 A T AT A X R R T
REFR N3 X e B 28 R 2k X TS, W& 7 B R B i
- AR S = A T S AR AR A 3kt b R R
5| & m 3T S R A5 IR R R B A I T2 N
) G B I L, A Xof AR 1) ) R T AT RS RS L 2
B, SR R /N TR — B B AT RE AT DLk G 3
EP, Gao SFMH Wei 551053 BRI AR J5 4% T
MR R s T I O 4R RHA R 4
Bic 5 (21 oo 28 28 VR LA s i > BN S IR B AR TR o
(B4 T B 48 R 7 5 (O3 Jon o XA 4 1 [ A% &
Xof 5 B AT SRR A DX 3 ) Jed A B 3, SR A B ST A L A
Py BEASTALL S 55 AR 25 5 10 5 3 MRS AR Ak ERHMA R 43
Be, BT A0 T AT 2 i B 1 AR i, W 10 R, B
10 ()BT A Ak AR T X A4 B 8h 5 B 10(d) Fi A
10(F) Ry BRMIE AL B A AL IS (0 52 5044 . & a2
TR 1 FBE 48 0 Jm 3 6 o T 25 2 KT Ak A A 14 A8 T
Vo) 455 DR A S LA S 0 5 A3 BT T A A
F14) 70 L FR] X ] A8 5 AR 05 75 JEC 00 SR 0 R 78 77 A 4 42
M BIE DX RN S BT X, MR AS TR B X, 7 200k
BT AN E A JE R SR FH TR B AN A TR R R % i

T IR . Zhang SEPWEFE T A5 i JR A B
JRIE JE 2R FH AN 268 JE2 R ) 78 JB2 B2 X T e Y B A 3
BERIG, SR AEf OB SOHBR T &k F
Pt AR R RS IR X R BT HE N X PO
FEO AT TR A SR o XA AR LA S RO
IR R BIHE 5t Jay 10 8 e AR AR L R 4 R e LA
T TR A S T AL fE R X

9 BEAF_MBL TESITHEMETBERBFR
Fig.9 The situation of contact between bottom die and
workpiece and folding generation under second loading

step of Path A

ﬁk

{ (e) Btk Jm Hok

(b) S8 KA.

10
(c) AT KA

(d) gt (&)

i | | |

(f) S (L&)

B 10 $EMERSEIEER S XML XigEdl 5 2w
Fig.10 Simulation and experiment of eigenstructure near the die partitioning under local forging die™>!



100 NN I N S

2021 4

4 WUHRARENE

TR I 2 BRAE S5 3R )= 0 4 36 7 R TR S AR TR
IMIEIERT, AMUE LR Z2 MR shid 7
HAOWH 2R i % AR T — R 5148k, BB & r il
WAL ZE R P T HAT FIPERE . 48 S5 R R i Bk
{14 Bl R 2] 20 A R o 000 - 9 4 R R 2 4
PERE R SC 2,

Fan ST T A8 A% B s 31 6B ik 1ot I X AR B
FRAE A Py BRI SC B0 s 9T T TALS KA 4 R i i
1 AR I D o Sk a U DX AOUR 2 2R AR 1 1 FH AL
SE AT TSR AR R R H D7 X N gkiE
UGB K S HW s e 45 R R E &R
Z KWAR T A Lh 7= D B 50K o 4 E R
B s BV AN AR o IR R A SR, SR
TR B T A A A E ) R o MR A B
S SRR AR L A o A AR RSH 7E 2k
WAETE WG s in , (EAL AL A I, 2 e e g oIt
B A MM AL E AL LG b T T F
T R A1 235 4 45 1R Jay 30 4 i v o Y DX 014 BOWR 4 21
AT Ry S RZ PR 2% 45 SR 3 W4 in ok 9 IX 9 E
A VR 26k 5 R i A1 3 U B 41 2 /N
A bL RS i 9RE 75 SF 1R F 9 AR i AR R 5 DE-
FORM-3D VR AR EE G, X R 28 fify e A4 46 ik =)
O i 2o PR S A o A R RO ST B AR R AT T B AR
P, 25 R FVIBERE IR TE R B A A5 o A R
RS- A 52 Sl J5 B R 3 s SR R 25 Tl o A
S 2 R RS AR LS Bl RN S DR /N R

JE MR X

(a) AeimaRib

T2 5K IR 3l B ) i il SUAN 34 5]
PEBEIN , Fan S35 5 52 FR e 3 85 1 W8 52 56 56 UE
T AR AL R AT S R L IERE b T R
N2 B 45 B B 19 A 23 3 A5 AL ) AN e R 7
S o AR B3 EOM AR R ST IO BOES T R A
MIRR

I PR A B AR S BRI 9 T 4 R R
8B 1 ) A A5l o AHT 38 R R I AR I O 25
RFUE — I 09X &R R 10 wm 32
/N 6~T pum, 1M J5 028 X403 70 B 2 X35 174 i her
R AT —E FEEEW/N, (H0R BB /N5 n
X I B A Ak XS R AR R A A AR AL 11 ()
Fi7R o 55 Zma8E mE B2 v S 4 X ok RS e
AH A% Ak TS N 2 X PR B 257 SR E 2k, ok
RSF BN 4T K24k 40%0 , fbkr )R
204k B L R T B s 445 o 4 S 2 X ok R
R F e X, anE 11 (b)) s, 54, 08 T
AN [ 43 HAE B 800U 5 o AHSF 2 SRz R 1
12 Ay 725 3 B0 5L fin 28050 5 6 55 — I 2525 mY I 3 B
PRI 12 AN 509 ok RSE X He om0 % A 6
TS A, S SRR I 1~4 a5 AR A B SRR
FEL BT AR B R E— X, 28R R AR
TGy A A 6} 2 B8 25 A I 2 IXC 1 B A T AN [+ 5
L, &1 S~8 WIHMA T 25, AT XS 4
s 5 ReF 22 S dek, BeAh A8 3 Ass 5L 28Iy Xt
8BS R X Y A 9~12 Y SR R SR R K
XA PR A B AE 4 1 110 B R s LA 35 6 8 B 9 aE A7
R
Grain size/pm
9.00
8.63 l
msu
7.88
mol
7.13

6.75
6.38 I
6.00

Lk

(h)sJ 2k

11 E#MBEEL MRS ERN o HREHR T 57

Fig.11 Grain size distrubution in the end of the first and second loading step™!



BB AR A2 KR AR A5 R JR) A SRS R IR B ML BB 20 AT K 4L U 101

7.50

7.251

ok RS /m
<
oy
S

SHi

-V SUE N
" A /_—! N
#%# B \ ——
\F b
-‘\-.I_ "’/

(a) HBEROLE DA

oL

8 9 10 11 12
T8 HUAY A5
(b) fkL R 224k

B 12 hnERI A I e &R ~T Y 8 Mg X e Y

Fig.12 Influence of loading sequence changing on grain size!

5 ZERiE

K S TRAT A 18 Ok A IR T Y R Y BRAE 7K
JIAG P 2 il S R A R A O B R TR
e [ R AU 1 — M Al i 3 14 e T 5K B E B
R R S B EL . B X OE i3 7R Y 2 A2
W 2RI XA H, 22RO W AR LM B 2
), 321 7 LA R 4598 .

1) BT ARSI KA R 5 X R sh 47 o,
OIHT T BN R 3 5

2) R T & FEIORSF GG LB, 2
T IR 5 & I 2OE S T ik

3) TN T A R R R I AN [R) AR X R A A
BT T TALS B G o A R RO AR TS 20

IR, AT 25 K B BAE 25 it Jo) 8 482 it 1o At Hh A7 A
A XERI Bk S A Ty 1), N LR 3 A J5 i

1) BF XS AT BB RS X5 B B SR B R AIE |, 5 4
J& 7% 18 T2 AL K OB 25 2 O BRI S W 1 £
PEFIBLA e ar T2 R I MR 45 12 25 2 505
B B S i DG IR OC A7, 92 IR 22 Gl 4 Ak A T 2 T 5
L E

2) F B2 N EABS T AN 2 1 R 3R i 35
Sy R B AR R e AR L R R RS B E T R ER R %
S LTRSS A VR 42 AL R o AR SR R B i 2
e o S A 7 T 14 BB A5k

3) B AR AR DX A AL i Rl X AT fE
SRR SRR S S R S
45 it B fioRE R S B TR AL iy S AL, AR
FARHE AN [R] X 322 T2 K A il 11 20 238 728 e 52 i
R F AT R BB T A IR P 1 2 R RO 4
G, B — A4 4 Al R R A 0 OB B

S 30k

[1] Z=mediie o B MG, 0 =s AL K H e PE e 42 & & KL 20 454G
A ) 1 LAt A 5T 2E (D). o R ERRR R AE,2015(1) - 11-20.

[2] KLEINERA M,GEIGERB M,KLAUS A. Manufacturing of
lightweight components by metal forming[J]. Cirp Annals—
Manufacturing Technology,2003,52(2) :521-542.

(3] 7. Jm ol m 28 47 ) R 24 23 A2 I 50K it 28 4 U
P AR[M]. b5 Bh2E et , 2014,

[4] YUAN S J,FAN X B. Developments and perspectives on

it

the precision forming processes for ultra—large size inte-
grated components[]J]. International Journal of Extreme Ma—
nufacturing,2019,1(2) :1-18.

[5] 2. 8 J1 1 BB TR LS RAYEK & S B T ZHAR[CY/
St Hm A E R TAR 2 S AR A 7 JR A kAR IR
T4 AR i 22 R . R 12017

[6] B, Pk, A, 45 JR il o S 4 o AN 1 53 AR TE 5 05
SAPE OB WE 5T R (J]. 98 M AR A% 4, 2008, 15(2) :6-14.

(7] BT 5k o, B8R 0 A9 B 5 & AR L)), LA R A4
2013,49(18):92-98.

[8] ¥ 55 ¥ . W4k TR A I KBS (). b R ALAR T2 , 2000,
11(S1):180-182.

[9] FAN X G,YANG H,GAO P F. Through—process macro—mi-
cro finite element modeling of local loading forming of
large —scale complex titanium alloy component for mi-
crostructure prediction[]J]. Journal of Materials Processing
Technology,2014,214(2) :253-266.

[10] SUN Z C,YANG H,SUN N G. Effects of parameters on in-
homogeneous deformation and damage in isothermal local
loading forming of Ti-Alloy component[J]. Journal of Materi-

als Engineering and Performance,2012,21(3):313-323.

[11] GAO P F,YANG H,FAN X G,et al. Forming defects con-
tral im trarsitional segion during dsethermal local loading of
Ti-alloy rib—web component[]J]. The International Journal of
Advanced Manufacturing Technology,2015,76(5) :857-868.



102 IS S ]

2021 4

[12] SUN Z C,YANG H. Analysis on process and forming de-
fects of large—scale complex integral component isothermal
local loading|J]. Materials Science Forum,2009(614):117-
122.

[13] WEI K,ZHAN M,FAN X G,et al. Unequal-thickness bil-
let optimization in transitional region during isothermal lo-
cal loading forming of Ti-alloy rib-web component using
response surface method[J]. Chinese Journal of Aeronautics,
2018,31(4) :845-859.

[14] OU H,BALENDRA R. Preform design for forging of aero-
foil sections using FE simulation[J]. Journal of Materials
Processing Technology, 1998 : 144-148.

[15] PETROV P,PERFILOV V,STEBUNOV S. Prevention of
lap formation in near net shape isothermal forging technol-
ogy of part of irregular shape made of aluminum alloy
A92618[J]. Journal of Materials Processing Technology ,
2006(177) :218-223.

[16] CHAN W L,FU M W,LU J,et al. Simulation —enabled
study of folding defect formation and avoidance in axisym-
metrical flanged components|J]. Journal of Materials Process-
ing Technology,2009(209) : 5077-5086.

[17] CHEN F,REN F C,CHEN ], et al. Microstructural model-
ing and numerical simulation of multi —physical fields for
martensitic stainless steel during hot forging process of
turbine blade[J]. The International Journal of Advanced
Manufacturing Technology ,2016,82(1) :85-98.

(18] 22, T ) I 2 g 25 4 11 TG/ 47 1) JR o8 42 g A A L
PR B T 2B 5E[D]. BRI A h R K%, 2019.

[19] ZHANG D W,FAN X G. Review on intermittent local load-
ing forming of large —size complicated component:deforma-
tion characteristics[J]. The International Journal of Advanced
Manufacturing Technology,2018,99(5) :1427-1448.

[20] BRRE. BRA 4 LA AR 11 45 TR B ] AN 25 & I
FHCALWFSE[D]. P2 . PE L Tl k%, 2018.

[21] FERIC. KAV 4 0 1 B et 3 207 Se ik bl 1 i
R[], ias ik TR, 1998(5) :9-11.

[22] GAO P F,YANG H,FAN X G. Quantitative analysis of the
material flow in transitional region during isothermal local
loading forming of Ti-alloy rib—web component[J]. The In-
ternational Journal of Advanced Manufacturing Technolo-
2y,2014,75(9) :1339-1347.

[23] WEI K,MA Q,WANG G C,et al. Exploration of the mate-

rial transfer effect in local loading forming of ultra—large—
size integrated component with multi-rib[J]. The Interna-
tional Journal of Advanced Manufacturing Technology,
2020(108) :1413-1427.

[24] ZHANG D W,YANG H. Distribution of metal flowing in-
to unloaded area in the local loading process of titanium
alloy rib—web component|[]J]. Rare Metal Materials and En-
gineering,2014,43(2) :296-300.

[25] ZHANG D W,YANG H. Fast analysis on metal flow in
isothermal local loading process for multi—rib component
using slab method[J]. The International Journal of Advanced
Manufacturing Technology,2015,79(9) : 1805-1820.

[26] ZFiEHE, Wi fr  PhARHE, 4F. TALS BRG & KB 249 1
S5 R T 2 DX GO AR TR WS ()]. A 4 e R
5 T.#,2008,37(9):1516-1521.

[27] A S35 B 25 RS 6 R 968 o R0 T2 52 (D). A HE
A IE Tl K2 ,2013.

[28] FhEOL, G, PhE . KRB G 4 R HE 45 i P L 6
WY LA ARLT]. Fi AT B AR 5 AR, 2009,38(7)
1296-1300.

[29] ZHANG D W,YANG H,SUN Z C,et al. Influences of
fillet radius and draft angle on local loading process of
titanium alloy T—shaped components[J]. Transactions of
Nonferrous Metal Society of China,2011(21):2693-2704.

[30] XA BG4 SR BT K403 BEEARMS P K R B 5 D).
P42, padb Tl K% ,2015.

[31] FAN X G,GAO P F,YANG H. Microstructure evolution of
the transitional region in isothermal local loading of TA15
titanium alloy[J]. Material Science and Engineering A,2011,
528(6):2694-2703.

[32] #hE 7%, G, INE R, . TALS & 4 KRB A A 55 R
BB AN AR SR RS AR ST )] SRR TR . 2009,16(5)
112-117.

[33] FAN X G,YANG H,GAO P F. Through—process macro—
micro finite element modeling of local loading forming of
large —scale complex titanium alloy component for mi-
crostructure prediction|]J]. Journal of Materials Processing
Technology,2014,214(2) :253-266.

[34] THPC, BRAL N A5 RBLBR G 4 0 1 55 3 R A i 2 A
m N ST AR M A BF SE[J/0L]. R EALAR TR 113
[2021 -04 -25]. http ://kns.cnki.net/kems/detail/42.1294.TH.
20201023.1233.002.html.



