#aA6HE 6 HBEERMRIEIRE \ol.46, No.6
2017 4 6 H RARE METAL MATERIALS AND ENGINEERING June 2017

TC4 SAESH B EM AT N IO

M, R

B.#% g, R, 6 FEE B F

(PY)NRE, Py sl 610065)

7 ZE: KH Gleeble-1500D #- J7 =AML, K AS[F] fok R~F (19 TC4 3£ 437 LA 0. 10, 30~ 50 Al 70 C/s [ F- iR fE

INFAEE 700 CHEAT LA L AR IR BT AE N A AL, G

SEM. TEM %058 T HRAEH T~ TC4 4k & & iR ke it #2

TARE S B R 2R . S5 SRR, TR A2 /g 1000 MPa,  £E BLAE ] T AT [ % 600 MPa LA R . /AL
TR TCA PRSNGSR IR B KB Ry W B, 5 PG R R R R KA R AESISRA,
RIBE A B R, TR WE(E, AR AMEMET 400 MPa, HERMAK, pMHEAEN o MMM T S . SHAA,
TC4 Bk & & HIPAL N 1 52 RN ShaS 45 M AAR AL B 3L [RISo M, F O a3 285 13- 45 i AR A2 PRI IAL A2 1 77
KRB WAN T ShAEME N A TCA KRG E; BEBEMEHMN

FEESES: TG146.2°3 THERFRIRED: A

X E4S: 1002-185X(2017)06-1572-06

Ti-6Al-4V (TC4) kB &2 at+p XNUAH S KAk
V654, WmAm, WAL, Ak,
FZ TSR . A6 T REIR RN A 4 [ 2 25 - 40U,
EILIBVE R R PR, A e 30, 5 B R o R i
IR IR, AT AN A S S N s L
PRARZ B RECISE, T BRIR A TS 7 1R m B k8,

ek TCA A& & in LIk RE, T & H 9k s
W L2, DA SRAH G AE A r IR RN T R T
B, 9206 KON AT MM BN T el B L B
TN FH 5 A oIBR8 5 i AR — R ) PR IAL P R
200t TCA MR EAT ok ol FlL 97 0 B AR, 46 o PRI
AT SR ASTEHLH L SEELPGE THE HAMH R8s R
A FEMR B RA T TCA & 4 fkipt 401k 31 Kk &
FLE G, AR S RN 5 T R R,
rh SR T AR R AVECK 1) R AR S 26 T 404K TC4 & 4 1 4H
A, 1BTHeEa R, R L2380 158 BAE X 58
FEANSEE S R R R MR T e R
FACFREAR, F8 A B B ik nT veb BE A T ki s
PR B R A 1R .

mEprid, BRI S, s
MR ZIPERE . SRTM, H AT % T HL /N f 0B M
FEEE RSB SO B = o IR, ARS8 DAL IRAE M
IR, W FAF /DB HRAE R TCA 2K & & il
JESE Ep N e s e A N 0 o R A il R A 1 SRR U
AR S5 5, A BT A8 B A8 Ak (1 s e R 3%

YFs HHEA: 2016-05-14
EEWB: ExEaRRBHES (51275322)

1 % I

SEEG e FH ) TCA R foR ST 43 )y 8.1 16, 20
pum (@5 mm>7.5 mm). Hr, 16. 20 pm MXFE, H
1B JCIRE AR RN S 8 um ) TC4 ##IN#AE 800.
900 CJg ¥ #1155,

SIS, SR H Gleeble-1500D #4- /7 22 B4 WL A A
[F] di R RS) ) TCA k& e ilFE 4 7 B 10, 30, 50 Al
70 C/s [ THEE Z TR & 700 CHEAT B R IR 46, 3%
BE (0°Cls) R fExtif, MAER 10°%sT,
%A% 35%.

SLH AW G, RERHHE S B F S 7 -3 R AL i 42 AN
NSk . FIH Olympus-GX51 % 4 H & il ss «
HITACHIS-4800 44 5% % JEM-2100 1543 #Fi& 5
B0y M WA SR AR AR

2 SLIGLER

B 1 AN ] Sk R ST TCA 85 & & 70 A ) FH G
FETRMAAZE 700 CHEAT 5[] k45 (1 3087 7 - 308 AR it
. MBI, THIRE (0 Cls, FRIES, R
% 778 ik 1000 MPa; HLifFH T (10.30.50.70 C/s),
Pk 2] 600 MPa AR o HLUE AT BRI AE M. J7 . /N FLTR
T (10 °C/s), Ny BE AR PR B K 2N S W E, WA
JG, MAXPHE TFHRAEZR RS, 2RAENHER
GEARERZE . KHIRTT (304 500 70 'C/s), S 7R AR

eI : AT, 2, 1992 F4, W4, DNIREFERIERES TR, 1)1 R# 610065, Hi%: 028-85402279, E-mail: suben1992

@gmail.com


http://www.cnki.net/KCMS/detail/%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/kcms/detail/search.aspx?dbcode=CJFQ&sfield=au&skey=%e4%ba%8e%e5%8d%ab%e6%96%b0&code=17498841;00014887;10899463;

%61 I 5 75

TCA B < BB YE IR A I R 77 70 A7

+ 1573 -

PRI R, B RCOK(EAR T 400 MPa, HJE M ARAE
TR, ETREEANE, BTaEREZMLE.

B 2 R[] Sk RSE ) TCA AR & AN A TH I
Thn#E 700 C TR B Bk AT 5 1) e 8 00 B - 8
JIM 2R . R R £ H B S R 1 R AR A, R
FEE- I T2 5 1 B AT A AR B ) BRI s N ER 700 °C
i, (R SRR ST (1 TC4 SAETE A [F] T3 T I AR 8 7
ZHMRA, KHEJF (30, 50, 70 C/s) F, HFHK,
TAS N 3N . NI R (10 “Cls), BT B .

3 SthEiTie

DERESHEBEH
Gleeble-1500D A5 481 ATL A FH ARG A5 B 3 i Gl A
S A R T IR s ) IR KN, P AR

3.1

X (D) w1, PocdT/dt, 2 p. CHoHiE)E,
MK R EGTHREEA S, THRE B, ik,

MR I T AE AL e s A ROR KRB 2, AR R ) 2 Ar
R FE T 5 AR ) B M R B

r=ro+aGb\/; (2)
A, ¢ AR S BIVT R )5 7o 2970 0 T ASE AR I £
VIR J1: o RNEMEAXRKER: G NUJIARKE: b
RO IR R B p NALES %R .

HF <o, Bwa GHMbHIER, RN
TR G5 B O, L3 REEROR, AS B )R

Bl 1, /NEJRE (10 Cls), RAESSHE M.
T BN, AR TEN A, BN AR BN, A7 FE A
FEE, ALERE RN, RIRAE R IR GE B . 7R
10 Cls IR JJUEAE s kb, BhASFREE d KRBT, 7
B A BEICDN MO JE S R0E R B . KHLARR (30,

I [pC dT 1)
A N o dt 50, 70 C/s), FERKADEEE, RHFAEIAHLE .
A, | OVHER A AR p MR C N t
Ky o NHH RS dT/dt TR TR .
12001 0°Cls al 1200} . bl 1200} c
0Crs
g 1000¢ 1000} st 1000}
7 800y 800} 800
@ 600 600} 600}

S 70 Cls .
= 400 400+ 30 ‘Cis | 400} 30 Cls
200 o | 200 T 200 ~

10 Cfs 50 Crs 10 °Cls 50 ‘Cls 10°Cls 50 “Cls
0 s s s s 0 i i i ' 0 s s s s
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
Strain True Strain True Strain
B 1 ARERRSTH TC4A K& & E AR THEEE T IS 700 C AT 518 48 1 328 7 - 308 AR i 28

Fig.1 Uniaxial compressive true stress-strain curves of TC4 titanium alloy with various grain sizes during heating from RT to 700 C

with different heating rates: (a) 8 pum, (b) 16 pm, and (c) 20 pm
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Fig.2 Uniaxial compressive temperature-stress curves of TC4 titanium alloy with various grain sizes during heating from RT to 700 C
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with different heating rates: (a) 8 um, (b) 16 um, and (c) 20 um
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Fig.3 Uniaxial compressed microstructures of TC4 titanium alloy with 20 pm grain size durind heating from RT to 700 ‘C with different
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heating rates: (a) 0 “C/s, (b) 10 ‘C/s, (c) 30 C/s, and (d) 70 C/s
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Fig.4 SEM images of uniaxial compressed TC4 titanium alloy with 20 um grain size during heating from RT to 700 ‘C with different
heating rates: (a, €) 0 C/s, (b, f) 10 C/s, (c, g) 30 ‘C/s, and (d, h) 70 C/s
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Fig.5 TEM images of isothermal compressed TC4 titanium alloy with 20 pm grain size during heating from RT to 700 ‘C with different
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heating rates: (a) 0 ‘C/s, (b) 30 ‘C/s, (c) 70 ‘C/s, and (d) magnification of Fig.5c
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Fig.6 Flow stress of isothermal compressed TC4 titanium alloy
with different grain sizes during heating from RT to 700 C

with different heating rates
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Flow Stress Analysis of TC4 Titanium Alloy during Electroplastic Effect

Ye Susu, Zhao Dan, Yang Yi, Yang Gang, Yin Degiang, Zhou Yu
(Sichuan University, Chengdu 610065, China)

Abstract: TC4 titanium alloys with different grain sizes were heated from RT to 700 <C and compressed uniaxially using a Gleeble-1500D
thermal mechanical simulator. Heating rates of 0, 10, 30, 50, 70 <C/s were used for the heating process. The flow stress of the TC4
titanium alloys during the high temperature compression was investigated under the effects of the current by flow stress curves, SEM and
TEM. It is found that the stress can be reduced from around 1000 MPa to below 600 MPa under the application of the current. Dynamic
recrystallization occurs at a low current and the stress increases rapidly with the strain at first and reaches a peak value, it then decreases
quickly and eventually becomes steady with the further increase of the strain. Dynamic recovery takes place at a high current and dynamic
recrystallization is only found at local areas. No stress peak is noticed with a high current and the maxi mum stress is below 400 MPa. In
addition, a higher current can promote a more complete phase transition from g to a. In conclusion, the flow stress of the TC4 titanium
alloys can be affected simultaneously by the current, dynamic recrystallization and phase transition and the current can facilitate dynamic
recrystallization and phase transition, resulting in the decrease in flow stress.

Key words: flow stress; dynamic recrystallization; phase transition; TC4 titanium alloy; electroplastic effect
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