#51% 6 wmEERMISIRE Vol51,  No.6
2022 4 6/ RARE METAL MATERIALS AND ENGINEERING June 2022

E TN EZEN TAS SkEE L 258Nk

£ #tY el ewr!l %

&Y mrmik? g AL 3

u

N i

(1. FEMZT KT fisHiE TR, 178 ME& 330063)
(2. EEMTKY MERELE TR, L F§E 330063)

B T fEARIER M 850~1050 C. RiASHE %y 0.001~10 s MR K T EE A 60%M &4, KA Gleeble-3800 # i
PRI HLIT TAS £k A S HEAT S5 I 15 P AR T 28 R 40 00 . BTS00 din, i TAS kA &AM A4k, tHHEAR
LZZHT MBI ZH CERBEIGRE. Z S8R EFERRE0 |, @7 3T m R L 228006k 2 50 T
BB, J5 JE ot i LT AR AL AT 2 HARTTALAL ARG, BEMRALEM T 22, SREW: TAS SRESNTAN 1 BA 7

1R 2 AR 5% 1 0 IE 7 AR 5 A UKk o 3 T R R T 9 O A ST R T A TR R A v R

BRI L& Ha B oA

850~990 'C/0.004~0.15 s L HLURIE, %X 48 3 B AT LI R Bh 4 [0 5 A3 7 45 &
RBEIA: TAS tha e WA ML WRE; LESHMMK

hEES LS. TG146.23 THEAFRIRTE: A

YEHS: 1002-185X(2022)06-2130-07

TAS G &N a kG4, T RIFI 4 ERe AT
JEERE, BT TNE, IR R T,
H o SREGNEHANT RN, Wk, BBEEY. B
DA AL R o A o e LASR A3 L M B AR 1 7=, [
UL 6 B AT IR R ST T2 S8 5 MR S 52 18]
MERKXR, BERNMENTZSH, NLbAEF
HBAkHE . HET, A E GRS S AVE AT N R TT
THES. RIS R BLUZ PR o MIZL430 TBS 4k
EEHEBRE N 650 CHF, i Mk 2 3h S WALk
HE, FEASTLIRE KT 650 CH, AR il 2k 2 30 i AN 4L
JEMRILER . i 4545 POL & &N IN AR T G fik
1T TWEIE, ROV RELE 82~814 kJ mol* JEFE Y, BE
5 153 R 7 AR R (R KT PR 2RSSR T 2 &
ot AZ61 BEA S RABAT AN, RIEE Z 25
IZEN, BT HLURET R, AR
gh AR I e A A AL, e TS
R T2 2 50X 0 % B InZ BE N
22.17~29.25 . — & [F py b 2 % BV 4 B A 4 R
B, WMHINERRARE n, RN EGSENEE LR H
e X Ik . 2Pl AR gt 1 3T S T R T AN A Ak
TAL5 k&M AL, KIERNE &N 0.4~0.6, 2
TN 950 C, MARHF A 0.063~0.1 st fFLLF, Al
PRI =844,

AN B S I T N AR T R R A, 15 2 TAS 4K

It HEA: 2021-06-04

TEMARN I, TR AR AT AR S
B (TR RGERE. Z 28 DIFRFERED , JFHEE
TWARIHE (RSMD , #57 T TZSH 5B SHHI
WAL, 734 T TZSEM S EeEma i, ek
MZ AR AT 7%, R RIEEIN TS 4.

-

WM e N TAS & &, H 4 U
Ti-4.2A1-0.005B , (a+B)/p #H7AZ i BE N 990 C . HX
@8 mmx12 mm [{[E AR, 7E Gleeble-3800 #fbi4L,
IR b HEAT 45 iR 1E B A R R 47 A8 . TR R
850~1050 ‘C, MAZ#F A4 0.001~10 s HA N EEN
60%, 4558 5 LRI KA B =i R ARV R PG
DIE, 6 UITT S (2 T E S R O S R B AR LG R
HF:HNO3:H,0=1:4:5 K& fEmh, fjaMH XIP-6A
Ja IR AN 4 A G 1 R IR SV S F 4 41,
WK 1 iR,

2 HREDH

2.1 RENEhEZ

Bl 2 9 TAS Bk & G AE AN AR B2 A T IR AL B AJ- 1
k. M 2a. 2b AR, A RRARN IR TR
FR) BeE AR AT N AR T R (R TR T 48 K, BT A e AR I
FA G BEAR A A IR AL R Ak . 78] 2a v, i

EEWE: ExRAMRRIFHES (51761029); M EMZS KW F A A1H T Hik4 (YC2020026)
fEEEN: £ KR, %, 1996 4E4:, fikAd, mEMT RENMTHIE TR, 1L ME& 330063, E-mail: 1281154864@dqq.com



%5 6 3 RS FETRMILR TAS Shés & LZSHIL

= 2131 -

1 TASshk& & RIRHH

Fig.1 Initial microstructure of TA5 titanium alloy
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Fig.2 Flow stress-strain curves of TAS titanium alloy under different deformation conditions: (a)é =1 s™ and (b) T=950 °C
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Table 1 Hot deformation activation energy Q at the strain of 0.9 (kJ/mol)
Strain rate. £/s™ Deformation temperature/C
: & 850 900 950 1000 1050
0.001 204.587 222.622 276.418 167.493 192.991
0.01 409.04 445.099 552.655 332.426 383.031
0.1 177.659 193.321 240.036 292.524 337.055
1 448.507 488.045 605.98 554.237 472.418
10 524.06 570.258 708.059 554,237 638.61
#z2 NTHOIRH InZE
Table 2 InZ value at the strain of 0.9
Strain rate. £/s Deformation temperature/‘C
' 850 900 950 1000 1050
0.001 15.01 15.92 20.28 8.92 10.64
0.01 39.21 41.04 49.75 26.8 30.22
0.1 16.72 17.52 21.3 25.33 28.34
1 48.03 50.04 59.59 52.36 42.94
10 58.42 60.77 71.93 54.66 60.35
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Table 3 Response surface equation variance analysis of deformation activation energy Q

Source Sum of squares df Mean square F value P value
Model 653510 9 72612 112.1 <<0.0001
A 44196.6 1 44197 68.2 <<0.0001
B 377222 1 377222 582.6 <0.0001
C 212.8 1 212.8 0.33 0.5843
AB 32111.2 1 32111 49.6 0.0002
AC 1149.5 1 11495 1.78 0.2244
BC 13121 1 1312.0 2.03 0.1976
A? 258.7 1 258.7 0.4 0.5473
B? 189729 1 189729 293.1 <<0.0001
C? 3996.2 1 3996.2 6.17 0.0419
Residual 4531.6 7 647.3 - -
Total 658042 16 - - -
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Fig.3 Comparison of predicted value and actual value of Q value
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Fig.4 Contour maps of Q value under different processing parameters: (a) £-T, (b) &-T, and (c) ¢-¢
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Fig.5 Contour maps of InZ value under different processing parameters: (a) &-T, (b) -T, and (c) &-¢



° 2134 -

Mol @A RS TS

i 51 %

Strain Rate, &/s™
KN

'
N

-3 0.5
850 900 950 1000 1050 850
Deformation Temperature, T/°C

900

950
Deformation Temperature, T/°C

0.56——
1050 -3 -2 -1 0 1
Strain Rate, &/s™

1000

K6 AFRMTSECE » EHI5FmLE

Fig.6  Contour maps of # value under different processing parameters: (a) £-T, (b) &-T, and (c) &-¢
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Fig.7 Visualization of multi-objective optimization results at strain of 0.9
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Optimization of Process Parameters of TA5 Titanium Alloy Based on Response
Surface Methodology

Wang Jun', Wang Kelu', Lu Shigiang®, Li Xin', Ouyang Deilai?, Qiu Qian®, Gao Xin', Zhang Kaiming*
(1. School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)
(2. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Isothermal constant strain rate compression test of TAS5 titanium alloy was carried out by Gleeble-3800 thermal simulator at temperature
of 850~1050 °C, strain rate of 0.001~10 s™ and maximum deformation of 60%. According to the experimental data, the flow stress curve of TA5
titanium alloy was analyzed, and the material parameters (deformation activation energy, Z parameter and power dissipation coefficient) were
calculated under different process parameters. In addition, the prediction model of process parameters and material parameters was established by
response surface method. Finally, the optimized process parameters were obtained by multi-objective visualization optimization. The results show
that the flow stress of TAS titanium alloy has negative temperature correlation and positive strain rate sensitivity. The prediction model based on
the response surface methodology has high accuracy, and the optimized machining parameters range is 850~990 °C/0.004~0.15 s™. The main
deformation mechanisms of this region are dynamic recovery and dynamic recrystallization.

Key words: TAS titanium alloy; flow stress curve; response surface methodology; process parameter optimization
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