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Fig.1 Manufacturing types of shift fork shaft: (a) machining; (b) assembling; (c) welding
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Table 1 Chemical composition of 45 steel (/%)

C Si Mn S P Cr Ni Cu
0.42-0.50 0.17-0.37 0.50-0.80 <0.035 <0.035 <0.25 <0.25 <0.25
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Fig.2 Variation curves of thermo-physical parameters with temperature of 45 steel: (a) specific heat and density; (b) thermal conductivity;

(c) yield strength and thermal expansion; (d) Young’ s modulus and Poisson’ s ratio
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Fig.6 Double ellipsoid heat source model
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Table 2 Parameters of double ellipsoid heat source

q/q, a; a, b c
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Table 3 Process parameters of welding test

Welding speed/mm-s”’  Welding current/A  Welding voltage/V

2.5 105 26
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Fig.7 Comparison of molten pool shapes by finite element simulation (FEM) and experiment
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Table 4 Welding process parameters under different working

conditions

Welding speed/mm-s™ Welding current/A  Welding voltage/V
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Fig.8 Variation curves of residual stress (a) and deformation amount (b) with welding speed
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Table 5 Welding process parameters of selected working
conditions
N Welding speed/ Welding Welding
0.
mm-s’ current/A voltage/V
a 2.5 95 26
b 2.5 100 26
c 3 100 26
d 3 105 26
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Fig.10 Deformation cloud maps under different working conditions: (a) 2.5 mm-s'/95 A; (b) 2.5 mm-s'/100 A; (c) 3 mm-s'/100 A;

(d) 3 mm-s"/105 A
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Fig.11 Deformation vector diagrams of plates under different working conditions: (a) 2.5 mm-s"'/95 A; (b) 2.5 mm-s'/100 A; (c) 3 mm-s"/100 A;
(d) 3 mm-s"/105 A
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Fig.12 Residual stress cloud maps under different working conditions: (a) 2.5 mm-s'/95 A; (b) 2.5 mm-'s'/100 A; (c) 3 mm's'/100 A;

(d) 3 mm-s/105 A
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Fig.13 Temperature distributions in different stages during welding process: (a) initial arc stage of the first weld; (b) steady-state stage of the

first weld; (c) initial arc stage of the second weld; (d) steady-state stage of the second weld
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Fig.14 Thermal cycle curves at the midpoint on the surface of two weld seams varying with the welding current of the second weld seam:
(a) 105 A; (b) 100 A; (c) 95 A; (d) 90 A
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Table 6 Welding process parameters of optimizing schemes
) Welding current of the first weld Welding current of the second .
No. Welding speed/mm-s™ Welding voltage/V
seam/A weld seam/A
a 3 105 105 26
b 3 105 100 26
c 3 105 95 26
d 3 105 90 26

U, Magnitude

+1.938e-01
+1.776e-01
+1.615e-01
+1.453e-01
+1.292e-01
+1.131e-01
+9.692e-02
+8.079¢-02
+6.465¢e-02
+4.851e-02
+3.237e-02
+1.623e-02
+9.262e-05

U, Magnitude
+1.877e-01
+1.721e-01

+9.393e-02
+7.830e-02
+6.266e-02
+4.703e-02

+1.305¢-04

U, Magnitude
+1.875e-01

+1.719¢-01
+1.563e-01
+1.406e-01
+1.250e-01
+1.094e-01
+9.382e-02
+7.821e-02
+6.259¢-02
+4.698e-02
+3.137e-02
+1.576e-02  Uliddatten
+1.518e-04

U, Magnitude
+1.959¢-01
+1.796¢-01 |
+1.632e-01
+1.469¢-01
+1.306e-01
+1.143e-01
+9.799¢-02 [}
+8.167e-02
+6.536e-02 |
+4.905e-02

+3.273e-02
+1.642¢-02
+1.080e-04
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Fig.15 Deformation cloud maps of plates with different optimization schemes: (a) No.a; (b) No.b; (¢) No.c; (d) No.d
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Fig.16 Residual stress distribution maps of two end faces of weld seams with different optimization schemes: (a) No.a; (b) No.b; (c) No.c;

(d) No.d
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Fig.17 Residual stress distribution curves on sides of the weld seams under different optimization schemes: (a) No.a; (b) No.b; (¢) No.c; (d) No.d

MEAE Y 0.22 mm, A BE MR, ZEN 5.2 FHEBRMZRRNDELS SN
0.09 mm, XA 75 AR DU FE ] P A5 45 R PR R » [ e 22~23 BRL T AR AR IR [0 B R B ) (S11) AT
FRAR B B 1T AR 7R BB R PRAR 71 (S22) BRI SEIG &) 73 At L . 1K 22a



* 166

W] B RS TR

554 3%

NS
L W)

658 mm

F6I03 MM

6.18'mm

P18 R TT 58 58 2 3B IR S IR 2 LTV 35 e e S AR T TR IR

Fig.18 Macro-morphologies and joint cross-sectional shapes of the second weld seams under different optimization schemes: (a) No.a; (b) No.b;

(c¢) No.c; (d) No.d
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Table 7 Optimal welding process parameters

Welding speed/mm s’
seam/A

Welding current of the first weld

Welding current of the second weld

Welding voltage/V
seam/A

3 105

100 26

n Deformation/mm

10!

-Direct

L

0.02}
0.00}
-0.02}
0.04f
-0.06}
-0.08}
Y 3.0.10}

—«—b-fpath D
—e— k-i path
e Exp.

02—
40 42 44 46 48 50 52 54 56 58 60
Coordinate Value in the Y Direction/mm
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Fig.19 Simulated and measured values of deformation in the X-direction of the welding plate: (a) X-direction path; (b) deformation values of b-f

and k-i paths
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Fig.20 Simulated and measured deformation values in the Y-direction of the welding plate: (a) Y-direction path; (b) deformation values of e-f and

—=—e-fpath
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Fig.21 Simulated and measured deformation values in the Z-direction of the welding plate: (a) Z-direction path; (b) deformation values of

a-b, c-d and e-f paths
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Fig.22 Comparison between simulated and measured transverse stress values: (a) transverse stress cloud map; (b) transverse stress along the L1

and L2 lines
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Fig.23 Comparison between simulated and measured longitudinal stress values: (a) longitudinal stress cloud map; (b) longitudinal stress along the

L1 and L2 lines
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Numerical Simulation and Experimental Research on Plasma Welding of Shift Fork Shaft

Yang Jianguang', Ji Hongchao', Pei Weichi', He Lei’, Huang Xiaomin', Wang Shanshan’
(1. College of Mechanical Engineering, North China University of Science and Technology, Tangshan 063200, China)
(2. Tangshan Long-run Machinery Co. , Ltd, Tangshan 063000, China)
(3. China MCC22 Group Corporation Ltd, Tangshan 063000, China)

Abstract: The shift fork shaft is an important component in manual transmission, automatic manual transmission and dual-clutch transmission to
connect the fork and adjust gear engagement. To study the relationship among welding deformation, residual stress and welding process
parameters during plasma welding of shift fork shaft, based on ABAQUS simulation software, the temperature-displacement coupled finite
element calculation method was adopted and double ellipsoidal heat source model was selected to numerically simulate the stress field,
deformation and temperature field of the welded plate and shift fork shaft. The optimization of the welding process of shift fork shaft was
completed, and the reliability of the optimized model was verified through simulation and experiments. The results show that welding deformation
is decreased with the increase in welding speed. The welding deformation is relatively small at welding speed of 2.5-3.0 mm/s and is increased
with the increase in welding current. The welding residual stress does not show a significant variation law with welding current and welding
speed, but the peak values are distributed around 560 MPa, which is smaller than the tensile strength of the fork shaft (650 MPa), and there is a
local stress concentration phenomenon. Overall, residual stress is mainly distributed at both ends of the weld seam, and deformation mainly occurs
at the weld plate. The optimized model has a more balanced peak temperature of the two weld heat sources, and local welding residual stress and
deformation slightly decrease. Therefore, simulation and experimental results can provide theoretical guidance for the control of welding quality
in actual production process.
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