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Finite element simulation and experiment of
isothermal die forging process of TC18 Ti alloy disc

LI Li, ZHANG Xiao-yong, LI Chao, LI Zhi-you, ZHOU Ke-chao

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Arrhenius constitutive relationship of TCI18 Ti alloy obtained from thermal simulation test was used to
simulate the isothermal die forging of reduced-scale TC18 disc by finite element method. The suitable deformation
conditions were obtained and applied to guide the experiment through systemically investigating the influence of
deformation temperature, rate and friction factor on the isothermal die forging process. The result show that the suitable
isothermal die forging conditions are that the temperature is 840 “C, rate is 0.1 mm/s and friction factor is 0.03. The TC18
Ti disc is successfully fabricated under the guidance of finite element simulation, while the accuracy of simulation is also
verified by the forging experiment. The related investigation can provide the numerical and technological support for
other complex components.
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Fig. 1 Model of initial stock(a) and final disc(b)
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Fig. 2 Sketch for pressing reduction during die forging process of TC18 disc: (a) 0 mm; (b) 5 mm; (¢) 10 mm; (d) 16 mm
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Table 1 Material parameters used during finite element simulation

Elasticit Th 1 Th 1
. Temperature/  Density/ astetly Poisson’s  Specific heat/ em.la ern’1a. Lo
Material © (gom ) modulus/ ratio (kg K expansion/  conductivity/ Emissivity
£ MPa £ 10°K" (Wm 'K
800 4.62 7 450 0.33 863 8.0 18.7 0.6
820 4.62 7 450 0.33 872 8.4 18.7 0.6
TC18
840 4.62 7 450 0.33 887 8.8 19.2 0.6
860 4.62 7 450 0.33 896 9.3 19.8 0.6
800 9.90 297 000 0.324 272.35 4.3 113 0.7
820 9.90 297 000 0.324 272.35 4.7 122 0.7
Mo
840 9.90 297 000 0.324 272.35 5.8 131 0.7
860 9.90 297 000 0.324 272.35 6.2 137 0.7

PEAZTE IR K Mo <538 A8 TE A 7

£=6.19182x10%[sinh(3.8x10 > 5)] 77173 .
exp[—282.479x10° /(RT)] )
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ENTISRAPOE: SiisuR ERsarelinl £V e S e Ui S 0E
gyl 2 A 2 frs, BB Z AL R
M 11 N/(ssmm-C), IR 5B LR
04 0.02 N/(smm-'C), FHAERRIELE i iy
50 N/(s'mm)FIF, AR AN BB AR rh ARl AL i
507 B MR R R o AR L R PR

H Newton-Raphson 14877 20T Von Mises #4 8} i [l #E
W 34h, S THEE U B RERSER, SR W~ A
38
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4) PRRNASE R AR R P S kT3
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Table 2 Simulation conditions of isothermal die forging
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M A Btk e KR DR IR ) 2 R ek, DRt
11 S o 1B 5 AR P58 I 5 22 78 0 2% SR T 80Ny >R 1)
R o
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0.03 AN[FIAZ TR L IR R S5 R0 g R N AR 37 53 A
K. HIE 4 FTLLEL, B, BAE A TBRE
T, AR s, WA LG, &
TEHT I A, T 5 B F 45 A4 88T B, H 800
‘CHJ 196 MPa R[4 860 ‘CH) 145 MPa, 5 It[i,
WiEl s prow, WEALTGRBE ), KRN AR
T/ NEERNAR Z TR ZEHAR /N, H 800 "CI¥) 3.803 %
fiC31] 840 CI¥ 3.70, KWIPEEALBIX WK, KALTE
MHMEAR T X IR AG /N, A AT I45) o AERER s T
Brie, Bt LA B B S DUE s X s, BT AE A
GHIMAMZIN G, B, BT 0 RGN T 5
B REEN AT SR PR D I EART R, B

Process Temperature/ 'C Test impact factor rate/(mm-s ') Friction factor

1 800, 820, 840, 860 0.1 0.03

2 840 0.01,0.1,0.5, 1 0.03

3 840 0.1 0.03, 0.1, 0.25, 0.7

(a) Temperature/C (b) Temperature/'C
807.3 826.3
806.5 825.5
805.8 824.8
805.0 824.0
© Temperature/'C (d) Temperature/ C

845.3 864.3
844.9 | 863.9
844 .4 863.4
844.0 863.0

B3 AREEN 0.1 mm/s. FEERIECH 0.03 I TC18 BhA & AR AN FIAR TEIRLEE N (il 23 2 A1 €]
Fig. 3 Temperature distribution of TC18 Ti alloy disc deformed at different temperatures and deformation rate of 0.1 mm/s and

friction factor of 0.03: (a) 800 ‘C; (b) 820 C; (c) 840 C; (d) 860 C
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Effective stress/MPa Effective stress/MPa

® 196 ®) 190
131 127
65.4 63.4
0 0
(c) Effective stress/MPa () Effective stress/MPa
165 145
110 96.5
55.0 48.2
0 0

B4 AHIEEN 0.1 mm/sy FEHENECN 0.03 I TC18 A 4 B AN AR AL E T (1925 300 3 4 A1 P
Fig. 4 Effective-stress distribution of TC18 Ti alloy disc deformed at different temperatures and deformation rate of 0.1 mm/s and
friction factor of 0.03: (a) 800 ‘C; (b) 820 C; (c) 840 C; (d) 860 C
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Bl S ARHIEEN 0.1 mm/sy FEHENECN 0.03 I TC18 Bk 4 B 5 AN IR AL BE S (1075 0B A8 4 A1 P
Fig. 5 Effective-strain distribution of TC18 Ti alloy disc deformed at different temperatures and deformation rate of 0.1 mm/s and
friction factor of 0.03: (a) 800 ‘C; (b) 820 C; (c) 840 C; (d) 860 C

TEULEIEE] 860 “CIY, TN S ERAF LA TN, AV S DT R AR & S R

FER HREn & ARt B4 s H N 7 G5 1 40
ST GRS R EE AL, AE S IS TR, B
RN AR i 2 ETHESOLE 5(d). b, HiETE

TR SIATUEEZHT T, BRI N AZ BT
IR KRR A B fp /N R N AR 2 ) (22 B 5 SN SR
BERHIES, 860 CIN, IR AR /NG ROV AR ) 22



3328 A G A R

NIHEmA 3.73.

Kl 6 T AT 0.1lmm/s BEHE A% 0.034
A AR TR B N R T R I G SR 174 2
B, MM TSR AL 4, FIH). HHIE 6 nTLA
B, MELGRERT S, S8R RERR, &
TEBT T B A AL T 75 B0 T ) 52 B3, A 800 °C
1] 880 kN TFF#% 860 ‘CIf 560 kN. MAEFLLE F ]
LRI, TC18 444 800 “C LA MEA 725 s 1N, 840
"C RN RIS TR %G 820 C A W35 MG,  4kside
e R PRGBS i ) 18RS, T Rl e AR
T 24N 5 B R} S il BRI G AR i, DRI, A
ARG G S R 840 “C (ARG IR

2.2 TRIREREN

K7 B AR TR 840 °C . EEHEDN %7 0.03. K
AR T R R S A Bl HIEL 7 P, B
FHARTCHAME N, HoR AR TR B /A AN
APPEREEEINRL,  H Aty >k iR ZUAR T B A T 1]
M DL R A DX 3 AR T 2 AR T, R SR T
BE N BOR T 00 AR TE R 0.01 mmy/s I 1.3
CH A 1 mm/s i) 23.2 °C; 11 44 FEHHIAF] | mm/s
I, A L 863.2 °C VAT 4 4 I AAR A (L
Kl 7(d)). 34t RIBHEIEIMLG, BRI
I IR AR A, B S5 iR0DAR JE A R o ol T3 A

(a) Temperature/C
841.3

840.9 |

840.4

840.0

(c) Temperature/'C

2013412 H
250
=— 800 °C
e— 820°C
200 4a—840°C
v— 860 C
é 150 |
o
<
]
— 100 F
50+
0 4 8 12 16
Stroke/mm

Bl6 AEHEERN 0.1 mm/s, FEEENECH 0.03 I TC18 £k fr
B EEE AR AR L M AT R itk

Fig. 6 Stroke—load curves of TC18 Ti alloy disc at
deformation rate of 0.1 mm/s and friction factor of 0.03
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Fig. 7 Temperature distribution of TC18 Ti alloy disc deformed at different deformation rates and deformation temperature of
840 C and friction factor of 0.03: (a) 0.01 mm/s; (b) 0.1 mmy/s; (¢) 0.5 mm/s; (d) 1 mm/s
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Fig. 8 Effective stress distribution of TC18 Ti alloy disc deformed at different deformation rates and deformation temperature of
840 C and friction factor of 0.03: (a) 0.01 mm/s; (b) 0.1 mm/s; (¢) 0.5 mm/s; (d) 1 mm/s
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B9 LB N 840 °C. FEEEKIECH 0.03 AR AT TC18 BR 5 A 45 N AR 57 A
Fig. 9 Effective strain distribution of TC18 Ti alloy disc deformed at different deformation rates and deformation temperature of
840 C and friction factor of 0.03: (a) 0.01 mm/s; (b) 0.1 mm/s; (¢) 0.5 mm/s; (d) 1 mm/s
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846.2
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842.7
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2013 412 [}
350
"— (.01 mm/s
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% 210
g
— 140
70 -
0 4 8 12 16
Stroke/mm

Bl 10 AL 840 C. FEEEIRIACY 0.03 AN AR K
MR TC18 B < AT FE— 24T Hh 26
Fig. 10 Stroke—load curves of TCI8 Ti alloy disc at

deformation temperature of 840 °C and friction factor of 0.03

JEERE, LR BRI A7) o8 A B AL L O Ak RE A
HURACAIAR] 0.03% 24, g b A TE4h 0.1, HLal
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b, R SRR T RN 0 0.7 I () 10.8 'C R
B2 0.03 I 5.3 °C, BB IMIEBE 73 A1 N34~
FET 22 PR Ol 0.7 IR 8.8 "C TR [ B REHE X
K 0.03 W 1.3 °Co BBAL, AR BRI L

(b) Temperature/'C
846.0

843.5
) Tempergastl(fg/ T
847.9 ‘
| 844.9

842.0

Bl 11 HATBELE D 840 'CL AR TEIA N 0.1 mny/s I AN BEEE IR TC18 A4 G 51 (11 B 3 43 Aii Pl
Fig. 11 Temperature distribution of TC18 Ti alloy disc deformed at different friction factors and deformation temperature of
840 “C and deformation rate of 0.1 mmy/s: (a) 0.03; (b) 0.1; (c) 0.25; (d) 0.7
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(a) Effective stress/MPa
165

110

0
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198

132

DX S50 AR A TR P DS S R I oS, PR DRI
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Effective stress/MPa
168

‘ \
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212

—

B 12 AR 840 'Cy ARIBIA N 0.1 mm/s AN EESE K4 TC18 %i(%%ﬂﬁﬁ‘]%x&ﬂﬁ%ﬁ#ﬁ@

Fig. 12 Effective-stress distribution of TC18 Ti alloy disc deformed at different friction factors and deformation temperature of

840 C and deformation rate of 0.1 mm/s: (a) 0.03; (b) 0.1; (¢) 0.25; (d) 0.7

(a) Effective strain (b) Effective strain
3.76 3.65
2.46
1.26
0.0527 0.0552

(© Effective strain (d) Effective strain
342 3.18

2.13 \
' 109
0.0609 ) 0.0478

B 13 AR 840 'Cy ARTBHEAN 0.1 mmy/s N AN EESE AIECT TC18 B Sl £ (1 55 RN AR 37 730 A1 14

Fig. 13  Effective-strain distribution of TC18 Ti alloy disc deformed at different friction factors and deformation temperature of

840 C and deformation rate of 0.1 mm/s: (a) 0.03; (b) 0.1; (¢) 0.25; (d) 0.7
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e— (.1
480 4—0.25
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Z 360
=
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= 240
120
0 4 8 12 16

Stroke/mm
Bl 14 AR 840 'C TR R 0.1 mnvs A
FEFEDIECN TC18 BA < AL AOAT FE—3a Hh 2k
Fig. 14 Stroke—load curves of TC18 Ti alloy disc at
deformation temperature of 840 C and deformation rate of
0.1 mm/s
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ZAE AR TR 0.1 mm/s, 70U K 77 24 400 kKN 1 1 000
kN, PS8 mlaned 16 f1 17 Fios.

Terrace die

Billet

15 YRR B R 1R
Fig. 15 Assembly of initial billet(a) and mold(b)

Load prediction

110.0
(a) 14.9 1 .04e+05

87.8

65.9

Load/kN

439

220

12.50 15.60
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Fig. 16 Results of forging disc forged at pressure of 400 kN:
(a) Simulation; (b) Experiment
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Fig. 17 Experiment results of forging disc forged at pressure
of 1 000 kN: (a) Upper surface; (b) Lower surface
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