48 4% %5 8 1
20194 8 H

mAEERMBISIR

RARE METAL MATERIALS AND ENGINEERING

Vol.48, No.8
August 2019

X TC4 S EIMEHERRN N K7 m B 0

HBEE', FeU Y, B,

#r% 1,3’ i}i[ﬁ 1,3

(1. VAT R2E, BV P52 710072)
2. BN KAV BOGE A R STAEA T, St 22 561005)
(3. [ B R TR 25 4508 5 SR LBR QT oL, BRPE P2 710072)

B OF: N TC4 A R B AT S HAT T, 08T T IR HORXT TCA & S PR AL IR AT Tk A3 N T3 e 73 BRI
SEAARWT, RN 4 0 ER I8 T B T3 SCRTR IR TR AT B A% B 0 K /N R0 3 AT 34 A P AT A RGR AR R 3T, SR A T2 SR AT SE B
PEELIAAF RT3 . DU IRALAKTE TE T, TC4 & &I AR RN AN S 8 AR E N J) . HAE-50~-150 MPa
T WS BRI AR IR EAELE “O M7, IR )G O BT8R ST AL S PR B R Y D B A BRI,
JAL i) 7 5l 42 i N AR S S, A BRI g b S 1 B 2 BT I 1 D BB R R 2 0IE 24.8% 5 20.2%; £
TR A B R P 5 A I 38 S W B A P Bt v s (0TS i T T 1) 20 SRS B o A3 S PR R ORI

FHERE: BRAN T, TC4 &4 HILZE: KE
FEESES: TG319 XHERFRIRAE: A

XEHS: 1002-185X(2019)08-2537-07

HLH AT ARSI HLI 2R D, 2 T8 ok 8)
PV (0 2R, AR B L+ 2%,
2 KM il A ARG el . o, BRI X
FEIALIE o B 2 vt s I AMLHL I 2500 173 AR 94 g 20 AL
[ $25R Fi v LE iR P Bk 4 il )

L S S HL AR I, WL AU 5 RS2 it
Joo BGOSR g, BRI . T R A
A7, FER BB BT AR S2 B B SRR L e
PRI, BRI ML BRI, 3 RO SR
BEARATPEBE RS g D, B T mpoi ), ML G 2R A
e IR AR, A R 9 A S0 AL
[ 6 S5 25K, ALARHLIELE RS« B XAk 5 5
() 5% W 20100, e 2 068 R Zy HUBIL LA P vl A2 T 42 11 1
RGWEIT. SLhr b, MBI AU A S HLHLIE S8
P, FCAE BB Rl R T vh B 2 e A N 3 A
SERVRARIN T, IFAER LB RR, AR AL
f R B pr TR, BB IR AR
¥ 3 BRSO FL B A 2 2 I A AL I R AR T
M SR 2 —o D, b 1A 28 AT L A
A e A A ) O 8 R B L 2 1 AR T, g B W]
BE VRN WL B R BB AF N IRBR AR Y 1o 534, EXIHLIE
IR P AN L AS T, 3 g SR AT e A LI B

IF= HEA: 2019-03-13

HEWMB: T RESFEARIN S L T0% 4 (31020192X004)
BRI BER, %,
adwzj@126.com

1970 42F, 84, WFoT R g gk TRE,

SRABAT N ISR AR IS D39 il 1) 28 20 o3 At o T AR sl A
PR AR N I T7 6 B Bk M “ R B I
R TTE . AR KL N, T R AR R
SATIAE AT R R A T 1) AT B B8R E , AN T AL
[ AP PR et 0 PS8 5K o 1 1 T MK 27 41 80 I 2800 ok
GH4169 & &Y™ BUEF 1 15k 4% B ) 1EAT (¥ 1k 56 F
FURIL s IR I 2800 3 24 3 YA 1 (R B AR T g %
ST T3 BT A o S bb, Iesh BN J5ik, BN
—RBEARI, I, R R MY L E DA AL
TEREM B 53— J5ii, &% L EAEMBA G BN
FR A RS AR A R 1 D ILARE

N ERAT R I A 2 RE 5 6 R I SRR N g By
A, H R R OR 200 g 5L 5 08 AR BEAT 4 15 A
BRI A b B SRR I ER R, BR
PEEEARAT R B . EARYTK, BEEARAR A ek
WEIF R A AR S . R AR A G b B T2 A
R > BB K5 20, B E5EF T iR T TC4
AR R FLE T 24001, OB IR R
PNV &b e aiih A

1 X
R TC4 &4 ©180 mm #abt, MM ER

PEAC T K22 B R 22 5 TRE22BE, BV 752 710072, E-mail:



* 2538

Wt &R TR

848

SRR R8O — L — S5y L — sl —
é%?L»%MUE»WJuI, 2R iR 1 froR . ik
PSS HCN : I# (730 CH10 C), i (100~110

min), ¥ . WEAHLG TC4 &I AT 135 7] 7
K2, 3 AAE R A FNIR Bo EFR A HAAh PRI R T
BmKEAR T, EEKESEN: KEEZ 2%,

MBI 730 C+10 C o PFHAEHLING RNl 0613
mm=ES5 mmX @550 mm=+5 mmX30 mm*E5 mm.
2 ASTM E837 FI GB/T 31310 W& b X %
TC4 G FIATH AR N . JF H, 6 R A 2
+ EDM (electrical discharge machining) F, kA& FL, i
ok 20 S T8 P I 1] 445 A <6 Jess AR K b o/ T AU o L7
PRI N AR, XS IME AL B BEATRAR Y IR,
ARG ] LLSE A e TR A e i LU0, BLORE
T EHRE . HALZEON EAR 2 mm, R 2.5 mm.
EMUAE 0 Ly T i 10 A N BA TR AT B B

R, Jorp, b R Ok FL R BEER AR 2 AN ity T
s 0 A Bl ) D) 43 S BT AR A ) 2 AN . AN DA
L 8 AN MR &, LRI & Al M)
N0, JLAR BB I R — PRI £l 77 ) B B 45°355)
I3 A (R A2=n/4, A3=n/2, A4=3m/4, AS5=n, A6=5m/4,
A7=3m/2, A8=Tm/4), H3lH B ni s fr T4 1 1/2 B
JEAL, IR S TR 12 R AL, S
Bl 1o B R 2 1 ik 7 s T 2, L, B
A2 i 182 W R I T 1 A3l S A e G R )
(O) 5 RE - A IR T 1) 2300 R ) (z) Fd
Ja COY 5 AR J5 [y WA Rk 4R Y. D7 8 15 B g 43 4%
K o4 o9 F 0,0

2 INMBHMEIRERI A

K 3 o B R gt s . IR I HE
TR AT, AR R A5 L R 2 1 A A ] 1

F1 TC4EEWMULERS
Table 1 Chemical composition of TC4 alloy (/%)
Al v Ti Fe C N H 0 Others
Individual Total
5.5~6.8 3.5~4.5 Bal. 0.30 0.10 0.05 0.015 0.20 0.10 0.40

EX
Kl 1 TCA G h, W sl ) 43 A A7 A0 EA I 7 =
Fig.1 Picture of TC4 ring (a), distribution of test points (b) and test surface (c)
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Fig.3 Schematic diagram of the bulging process of rings
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Fig.4

Stress distribution within the ring during bulging: (a) elastic, (b) elastic-plastic, and (c) plastic
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Fig.5 Residual stress distribution of ring A and B: (a) inner face, (b) upper end face, and (c) lower end face
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Fig.6 Mean stress and reduction rate of stress in inner ring surface
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Fig.7 Mean stress and reduction rate of stress in upper end face
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Fig.8 Mean stress and reduction rate of stress in lower end face
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Fig.9 Evaluation of residual stress uniformity on inner ring surface
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Effect of Bulging Process on Residual Stress and
Its Distribution of TC4 Alloy Ring Forgings

Wei Zhijian"*?, Li Jinshan'?, Yang Yanhui'~, Lv Nan'~, Wang Jianguo'~
(1. Northwestern Polytechnical University, Xi’an 710072, China)
(2. Guizhou Anda Aviation Forging Co. Ltd, Anshun 561005, China)

(3. Defense Technologies Innovation Center of Precision Forging and Ring Rolling, Xi’an 710072, China)

Abstract: Residual stresses in TC4 ring forgings were tested and described using radar charts. The effects of bulging process on residual
stress and its distribution along circumference were analyzed. The results show that radar charts can describe effectively the values and
distributions of residual stresses along circumference for the ring forgings. And the bulging process is an effective way to adjust the
residual stress in the ring forgings. For the ring forgings in the present paper, the residual stresses are compressive stresses and fluctuate in
the range of —=50~—150 MPa. A sharp area exists in each radar chart and is weakened after bulging process; meanwhile, the average residual
stress is decreased slightly. The hoop stresses are relaxed much more than the axial and radial stresses, especially on the inner face and
upper end surface with the reduction rate of about 24.8% and 20.2%, respectively. The distribution uniformity of residual stress is
improved after the bulging process, except for the lower end surface.

Key words: residual stress; TC4 alloy; blind hole method; bulging process
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