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Study on influence of forging process parameters for TC4 titanium alloy
connecting rod based on orthogonal test

Deng Wei', He Gehao', Jia Dewen', Ji Huiping®, Guan Fangleng®, Cui Zhizhong’
(1. Yunnan Key Laboratory of Internal Combustion Engines, Kunming University of Science and Technology, Kunming 650500, China;
2. Yunnan Xiyi Industry Co. , Ltd. , Kunming 650114, China)

Abstract: In order to realize the green design of hot forging process for connecting rod, for the energy consumption per unit volume of the
hot forging process for TC4 titanium alloy connecting rod, the finite element model of connecting rod was constructed by the finite element
software Deform-3D, and the influences of four process parameters such as initial temperature of forging billet, forging speed, flattening
amount and friction factor on the energy consumption per unit volume were investigated by the orthogonal test. Then, the influence degree
of each factor on the energy consumption per unit volume was obtained by the range analysis. And the friction factor has the greatest influ-
ence on the energy consumption per unit volume, followed by the initial temperature of forging billet and forging speed, and the flattening
amount has the least influence on the energy consumption per unit volume. Furthermore, the optimal combination of process parameters is
determined as the initial temperature of forging billet of 1010 °C , the forging speed of 550 mm - s™' | the friction factor of 0. 1, and the
flattening amount of 10 mm. Finally, the forging of connecting rod sample was carried out under the optimized process parameters. The
results show that the energy consumption per unit volume decreases from 418.54 J » mm™ to 288. 17 J - mm™, which has a decrease of
31.15%, and the metal filling of the hot forging sample for TC4 titanium alloy connecting rod is normal, without forging defects, which re-
alizes green manufacturing.
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Fig. 1 Two-dimensional model of connecting rod
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Table 1 Chemical compositions of TC4 titanium alloy

( %, mass fraction)

Al A4 Fe 0] H C Ti

5.50~6.50 3.50~4.50 <0.30 <0.20 <0.015 <0.08 A=
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Fig.2  Forging flow chart of connecting rod
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Fig. 3  Three-dimensional coupled thermo-mechanical finite element model for hot forging of connecting rod
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Table 2 Setting of simulation parameters

B8 Bl
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JEEE DR 5 0.2

TR LR B (N - (mm - s - C)71)
Bt BB R IME SRR (N - (mm - s - C)71) 11

PAPHEB/ (N - (mm-s-°C)7) 0. 02

Pt oy 0.7

b/ mm 0.5

BRI IR L/ C 950
B/ (m - s71) 550

I p/ (g em™?) 4.51

THR L v 0. 342

% RAS & E/GPa 104. 94-0. 0520797

B, mm®, A'=mD"/4; D' AERHNE AR, mm; o
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True stress-true strain curves of TC4 titanium alloy during high temperature deformation
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Table 3 Factors and levels of orthogonal test

(S
KF
A/C B C/mm D/(mm - s™")
1 920 0.1 10 400
2 950 0.2 12 450
3 980 0.3 14 500
4 1010 0.4 16 550
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Table 4 Results of orthogonal test

B OBEER BN R FHBEFRE/
T oac B C/mm  D/(mm-sT) (Jemm)
1 920 0.1 10 400 360. 11

2 920 0.2 12 450 573. 88
3920 0.3 14 500 748. 33

4 920 0.4 16 550 917.70

5 950 0.1 12 500 329,83

6 950 0.2 10 550 418.54
7950 0.3 16 400 751.86

8 950 0.4 14 450 875.33

9 980 0.1 14 550 290. 52

10 980 0.2 16 500 482.92
11 980 0.3 10 450 686. 35
12 980 0.4 12 400 868. 55
131010 0.1 16 450 292.06
141010 0.2 14 400 489.74

15 1010 0.3 12 550 522.22

16 1010 0.4 10 500 669. 54
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Table 5 Range analysis results of energy consumption per

unit volume(J + mm™)

(EES A B C D

K, 2600. 0 1272. 4 2134. 4 2470. 4
K, 2375.6 1965.2 2294. 4 2427.6
K 2328.4 2708. 8 2404. 0 2230. 8
K, 1973.6 3331.2 2444. 4 2148. 8
K, 650.0 318.1 533.6 617.6
K, 593.9 491.3 573.6 606. 9
K, 582. 1 677.2 601.0 557.7
K, 493.4 832.8 611.1 537.2
W2 R 156. 6 514.6 71.5 80. 3
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Fig. 5 Relationship diagrams between level of each factor and energy consumption per unit volume

(a) Initial temperature of forging billet
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Table 6 Variance analysis results of energy consumption

per unit volume
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Fig. 9 TC4 titanium alloy connecting rod forging blank
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