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Heating Process Parameters of TC4 Alloy before Forging Based on
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Abstract: Thermomechanical coupling model for TC4 bar heating was established based on the Abaqus finite ele-
ment simulation software. TC4 alloy bars with different diameters and 0.2 mm glass coating on the surface were
directly heated into the furnace at 945 ‘C and analyzed. The results indicate that the maximum equivalent stress
suffered by the bar during heating is increased with the increase of diameter, which is located at the bottom of the
bar (the contact part with the furnace). When the diameter of the bar is more than 40 mm, the maximum equiva-
lent stress suffered by the bar during the heating process is greater than the yield strength at the corresponding
temperature. The maximum principal stress suffered by the bar during heating is increased with the increase of di-
ameter. Temperatures where the different diameters bearing the maximum principal stress height are all about 35
‘C. When the diameter of the bar is 100 mm, the maximum principal stress is 198.2 MPa, and the safety factor
for brittle cracking is 4.8, while that of the remaining diameters are all greater than 4.8. TC4 alloy bars with a di-
ameter of <{40 mm are coated with 0.2 mm glass on the surface. When heated directly into the furnace at 945 C,
the shortest holding time can be calculated.
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Fig.2 Partial physical parameter variation of TC4

alloy with temperature
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Fig.5 Temperature field distribution and heating curve of the bar with diameter of 100 mm

WAL R G0 T AR ERK TCA & &R
ey S RTINS IO D S VR 2 = I
5 THIR N A B R LR AR . BEE MR AR RO 4
R G P8 )3 B T 50 0 280 L I () P 22 (LR T K.
A2 100 i B o 78 3]l AR ] -5 940 280 L Pk 1] F) 22 £
297 5 min, P AE BT B A RN R B g
DRt s ] A 7 LA T 968 80 3 s 1) g o

45 1 o R
40
i
35 1 i
.: ~
E 22 y=atb*x
'% 201 AERES 0.99560 0.987 53
& 5] B mEE
= B #HEE -1.75767 053401
107 B #Z 038836 0.00861
51 e HIE -0.89023 1.02786
ol a FE 044265 001657
0 20 40 60 80 100

R EAR/mm
B 6 At 3 R B RN E MM AR T
(EZ:B A&RAF,C A3
Fig.6 Heating time variation of the core and bottom of

the bar with the diameter of the blank

892

22 I RERIN NS

PRRHEBEAT I s T MR A — 2 3 U
T 550 3 11 N2 B AN — B0 TR AR F7 o i
S AR A P e A AR B A 3 BOA [R) A 2 TS B
I AR S S R A A R AT SRR )
A N FAS B 7 AN TE B 3G R P AR B AR T
YN Ty Al fE 2 3 B A AR TE IT 2. D G AE il 2 i 4
Z 0N T N G AR rh B RN 5 LB ) AT 2y
B« LAB S RS B nT AT 4

XEF AR R UL BT A BE Y e — BN D A A
Je MR U A e 2 . Ry T A TCA 5 @ 78 Rl fe v i
B RBUI B » R T 22 4 A UK 1 A Al B AE B AR
AT ARUE MDA BB . TCA & 7 IRl B2
T AR TRIPER R 5 20 R AR B A
52 1R A R0 [R) I s 52 107 7 AR 25 1 5 0 26 R %
ENCPNANY i B R SE DA K (35 1D W fop <3 DR 07 B S B P
PERERE S LUNEPETT 5ROT7 s0R %, e fE 4 Wy TC4 &



TR B TCL & G #AT IR T 22 Kbk 58

FHE

G TE NI AR rh R A S R SO L 4 T R B S 5
— AT AR F AN L3R T Mises i IR o U] L BV Py
SR RE R 5 R L A B L S ) RN SR R KL )
], RS — i B B
2.2.1 JinFAt AR b SERON T A B

Kl 7 S EA 100 mm B TCA 5 4 B RHE I #4472
PRI S RN ) 43 AT B I R EE S 43 A . T RAE
4,969 s J5 » HRARHR KRN S IK ] T 547.0 MPa(ify

%08 1/MPa BEIC
547.0 945.0
501.4 867.9
4558 790.8
410.2 713.7
364.6 636.7
319.1 559.6
2735 4825
227.9 405.4
182.3 3283
136.7 251.2
912 174.2
456 97.1
0 200

(a) 4.696 s, B} (b) 4.696 s, & E 3%

AN TG AR PR A2 B S K AR RO F1) v AL F
55 TR AR fih 1 EROREJEC T o b B 922 A 6 N 7 3 S 539
C. FEEMMHAT IR B Z T . K 7c A
7d AT LAE 1, 156.6 s B R S R IX T R HRE B 2 R
BRI AR IG5 K SE RN J) © FF & 184.6 MPa, )\
T B2 5 1) 43 A5 R o T BB A8 T B2 43 A 35 I AR A
B AR A, BRORHE AR B b T, HOEOREC ER R TR
i AR DR o G A B ek A o A AR v 32 3 1Y S AN

W8 F1/MPa wEC

; 184.6 833.1
‘ 169.2 7723
153.8 7115

138.4 650.6

‘ 123.1 589.8
107.7 529.0

23 468.1

76.9 4073

61.5 346.4

6.1 285.6

308 22438

15.4 163.9

0 103.1

(c) 156.6 s, ¥ # m A (d) 156.6 s, R E

B 7 ¢100 mm 8§ TC4 #ttfe An T A2 P 5 2 B A A R X 2 69 388 3% 5 A

Fig.7 Equivalent stress and corresponding temperature field distribution of TC4 bar with a diameter of 100 mm

during heating process
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