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stress in steel multi pass joint. Thermo metallurgical
mechanical simulations were performed using Finite Element
Method. Solid state phase transformation has significant
effects on the formation of residuals and from the weld
thermal cycle the magnitude of residual stresses can be
determined. Finally they concluded that the peak temperature
and the re-heating have significant influences on the evolution
of residual stress. Lima et al. [9] studied residual stress field
and distortions in fusion butt welding. They identified that the
thermal gradients across the part will induce geometrical
variations and residual stresses. They suggested that thermo
metallurgical analysis is essential to understand welding effect
in the part. Xu et al.[10] performed three dimensional thermal
and mechanical analyses and the temperature distributions
were studied in detail . Further, the effect of clamping
conditions on the residual stresses was also studied. Their
clamping constraint has little effect on the residual stresses.
Shi et al.[11] in their study, developed a transient model to
analyze the dynamic variations of the heat generation,
temperature profile and material flow for different stages of
friction stir welding process. They experimentally validated
the model by comparing the measured tool torque and peak
temperature values with the predicted results, which agree
well with each other.

Abstract
The present study deals with the simulation of laser welding
process of drive plate and hub assembly (sub-assembly of
Dual Wet Clutch) by finite element method. Numerical
investigation is performed to understand the thermometallurgical and structural behavior, using coupled multi
physical approach. The residual stresses obtained from the
thermo-metallurgical simulations are coupled with Ansysworkbench to perform structural analysis. It was identified
that in the fusion zone the weld hardness value is 430 HV and
along the radial direction, hardness values are varying from
100 HV to 166 HV. From the structural analysis, after
mapping residual stresses it was found that the maximum
stress value of 460 Mpa is observed in the hub portion and the
maximum principal stress induced in the weld zone is 419
Mpa. The present results are useful to understand the
metallurgical transformations and structural deformations in
dual clutch transmission system during welding process.
Keywords: Laser Welding, Thermo-Metallurgical Approach,
Residual Stress, Structural Analysis,

INTRODUCTION

In the literature, various investigations were performed on
welding simulation of flat plates, T-joint welding. However,
studies on circular fillet joint and after effect of residual stress
induced on durability of the weld part are very limited. This
has been the motivation for the present study. In the present
study numerical investigation was performed to understand
the thermo-metallurgical and structural behavior along with
residual stress mapping on drive plate and hub assembly. The
structural analysis is performed by applying torque induced
from engine and weld assembly.

Welding is a positive manufacturing method used to obtain
everlasting juncture of two metals through confined
application of satisfactory combination of temperature,
pressure and metallurgical conditions. Welding is the premier
way of assembling and repairing of metal products and is used
in every industry. The major areas include aerospace, nuclear
equipments, ship building, metal processing and automobile
industries.
Many research works have been carried out to understand the
Laser welding through experimental, theoretical and
numerical methods. Important parameters in the study of laser
welding simulation are the heat source model [1-3], welding
velocity [2-3], hardness of weld joint [2-3] energy
specified/per unit length [4] and temperature profiles [3-6].
Caprace et al.[7] investigated the uncertainness in welding
simulation. Their work focuses on influence of different
modeler practices and software's used for welding simulation.
The T-joint welded structure was analyzed numerically and
residual and distortions are determined under different
materials. Further they concluded that calibration of heat
source model is difficult in simulation and research is required
on impact of stress relaxation.

THERMO-METALLURGICAL MODELLING
Figure 1 indicates the three dimensional model of the drive
plate and hub assembly considered in the present
investigation. The Hub is made of 16MnCr5 (low alloyed
carbon steel) and drive plate is made of 316L (Austenitic
stainless steels). 360 degree model is considered for the
simulation, because welding gun will travel across the entire
circular path over circumferential face. The meshing is done
using Hypermesh, and the direction of welding is clockwise as
shown in figures 2 and 3. Along the entire depth (thickness)
fine layered meshes are used to accurately capture the
metallurgical and phase transformations.

Suo Li, et al.[8] investigated formation mechanism of residual
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Figure 1 Schematic diagram of drive plate and hub assembly: (all dimensions are in mm)

Figure 2 Weld line definition and Mesh generation

Figure 3 Fine Layered Mesh in Weld Zone

At the interface of plate and hub the weld bead will be formed
due to fusion and solidification.
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Table 1 Welding Parameters used in Simulation
Sr. No.

1

Heat Input

Welding Velocity

KJ/m
81

m/min
2.8

Efficiency
Top Diameter
mm
3.2

%
100

Heat Source
Bottom Diameter
mm
1.2

Penetration
Mm
2.5

Table 2 Chemical Composition of Austenitic stainless steel & Low alloyed Carbon steel
Designation
316L
16MnCr5

C%
0.03
0.16

Cr%
17
0.95

Mn%
2
1.15

Mo%
2.5
0

Ni%
12
0

Table 1 shows the welding parameters used in the study and
the losses in energy transfer from laser source are neglected.
Table 2 shows the chemical composition of two base metals
that are joined by welding process. Heat source model plays
an important role in welding process because important
parameters like energy (heat) required for welding, resulting
weld bead shape, efficiency of heat flow from heat source to
the work piece are dependent on this model. Figure 4 shows
the Conical Gaussian heat source model used for the 3D
transient laser welding simulation. Heat source model plays
important role in welding process because important
parameters like energy (heat) required for welding, resulting
weld bead shape, efficiency of heat flow from heat source to
the work piece are dependent on this model. Conical Gaussian
heat source model is used for the 3D transient laser welding
simulation. In the numerical welding processes Gaussian
distribution of heat flux is used. The mathematical expression
of heat flow for the Conical Gaussian heat source model is as
follows:
𝑄𝑅 = 𝑄𝑜

𝑟2
− 2
. 𝑒𝑥𝑝 𝑟𝑜

𝑟𝑜 = 𝑟𝑒 −

P%
0.045
0.035

S%
0.03
0.035

Si%
0.75
0.4

(𝑟𝑒 − 𝑟𝑖 )(𝑧𝑒 − 𝑧)
(2)
(𝑧𝑒 − 𝑧𝑖 )

Figure 4 Conical Gaussian Heat Source Model[

(1)

Figure 5 Methodology
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Where, 𝑄𝑜 is the rate of heat input which gives the maximum
heat density at the center of heat source model; 𝑟𝑒 and 𝑟𝑖 are
radii’s in z=𝑧𝑒 and 𝑧𝑖 planes respectively. The use of
exponential function contributes to more heat concentration at
core and rapid reduction of thermal energy.

VALIDATION
The adopted simulation methodology and results are validated
with experimental results available from the literature as
shown in Table 3. The hardness values at the drive plate,
fusion zone and hub obtained from the numerical simulations
are compared with the experimental results. It is observed that
there is an excellent agreement between our numerical results
with the experimental results.

The methodology followed in this study is presented in Figure
5. The thermo-metallurgical results are exported to Ansys
workbench based on nodal co-ordinates and structural analysis
is performed.

Table 3 Hardness Validation with experimental results
Sr. No

Hardness value in drive plate
Experiment
[2]
Simulation
114.3
114.67

1
112.7

112.45

110.6

109.7

In Fusion Zone
Experiment [2]
Simulation
440.13
430.4
420.5
429.82

Hardness value in hub
Experiment[2]
Simulation
160.8
160.3
146.29

146.36

123.14

123.65

2
418.6

418.72

3
respectively. From the graph plotted in figure 8, the cooling
curve is gradually decreasing due to conductive heat transfer
to neighboring material plus convective heat transfer due to
natural air (free air cooling is employed) flowing over entire
model. The cooling curve in weld zone and at locations away
from weld zone are different, because temperature in weld
zone is tremendous compared to hub and drive plate portion.

RESULTS AND DISCUSSION
Temperature Distribution
The temperature distribution on the drive plate and hub
assembly achieved during Laser welding process is shown in
figures 6 and 7. The maximum temperature is 3463 C. The
evolution of cooling curve is plotted for the complete duration
up to 1000 sec at the weld zone location, hub and drive plate

Figure 6. Temperature Distribution at time 0.2 sec and 3.6 sec
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Figure 7. Temperature Distribution at time 5.44 sec and 1000 sec

Figure 8. Cooling curve at different locations in weld assembly

transform to martensite upon quenching is called retained
austenite (RA). Thus austenite is retained when metal is not
quenched to the martensite finish temperature.

Phase Transformation
If we consider welding metallurgy martensite is important
phase to be considered. Because it is the hardest constituent of
steel which gives strength and hardness to the weld joint
(hardness is equivalent to martensite proportion). During
quenching, austenite form of steel is transformed to
martensite. For cooling rates higher than the critical cooling
rate maximum amount of martensite are formed. At the end of
quenching, all the austenite present will not be transformed
into martensite, so we observe some retained austenite in the
hub portion as shown in figure 9. Austenite that does not

Hardness calculation is performed based on the amount of
martensite percentage. Hardness is directly proportional to the
martensite percentage. Martensite is the hardest constituent of
steel and it will bring strength to the welded joint. Since
hardness is directly proportional to martensite percentage, it is
an important parameter in welded structure. Figure 10 shows
the hardness distribution plots and along the axial direction a
constant hardness value of 430 HV is observed and along the
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radial direction hardness value varies from 100 HV to 166
HV. The graph plotted in figure 11 shows the variation in
hardness away from the weld centerline and the temperature

decreases due to the exponential heat flux distribution of the
conical heat source model.

Figure 9 Phase Proportions Martensite 96.45 % and Retained Austenite 2.23 %

Figure 10 Hardness distribution plot
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Figure 11 Hardness variation from weld center line
the weld metal and base metal near the welded zone. After the
heating process the melted material solidifies during the
cooling process. As cooling progresses, the thermal stresses
are reduced, the material contracts due to solidification and
hence distortions and residual mechanical stresses are formed.

DISTORTIONS
Distortions are formed in welded structure due to the nonuniform expansion and contraction of the weld metal and base
metal during the heating and cooling cycle of the welding
process. During heating and cooling thermal strains occur in

Figure 12 Axial and Radial distortions in cylindrical frame

Figure 12 shows the final distorted shape in axial and radial
direction at the end of welding process at time of 1000
seconds. A maximum displacement value of 0.25 mm is
observed in axial direction. The distortions produced in the
hub is higher compared to drive plate since, the drive plate is
fixed throughout the process (0-1000 sec) and the constrains
in hub are removed during the cooling process between 250
sec to 1000 sec.

Stresses and Residual Mapping
Figure 13 shows the stress distribution during welding
process. At the end of cooling process, once the weld
assembly achieves equilibrium with atmospheric temperature;
some stresses will still remain in the part. During heating,
when welding torch moves over the part, it will gain some
heat and its distribution in not equal in all the zones. Due to
this temperature gradient thermal stresses are induced in the
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hub. But during the cooling process the thermal stresses will
be relieved and only mechanical stresses will remain in the
hub part. The distribution of von-mises stress in hub, weld

and drive plate is shown in figure 14. As weld zone is
subjected to higher temperature, the maximum stress value is
observed in that zone.

Figure 13 Stress Distribution after welding in Ansys-workbench

Figure 14 Stress variations in various parts of weld assembly

To understand the impact of welding process in the real time
field failures of drive plate and hub assembly these stresses
are mapped. This study is mainly to see the influence of
residual stresss. There is a loss in the stress while mapping;
this is because of the mesh change. Loss in stress can be
avoided if we use the same mesh. In this model a torque value
of 424.27 N-m is applied at the outer face of drive plate and

the hub is locked in all degrees of freedom. The stress
distribution due to torque is shown Table 4. From the results it
is observed that the residual stress does not have any effect on
further service life of welded assembly; as stress values are
within the yield criteria.
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Table 4 Structural Simulation Results
Component Max. Principal Von-Mises
Stress
Stress
(Mpa)
(Mpa)
Hub
487.3
460.71
Weld
419.23
360.9
Simulation
188.5
191.88
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(mm)
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0.012
0.043
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CONCLUSIONS
In the present study simulations of laser welding process of
drive plate and hub assembly is performed by finite element
method. The residual stresses obtained from the thermometallurgical simulations are coupled with Ansys-workbench
to perform structural analysis. The following are the major
conclusions from the present study:


Hardness values from simulation are in good
agreement with experimental data available.



For cooling rates higher than the critical cooling rate,
maximum amount of martensite is formed



From the hardness distribution plots, along the axial
direction a constant hardness value of 430 HV is
observed and along the radial direction hardness
value varies from 100 HV to 166 HV.



Austenite that does not transform into martensite
upon quenching is retained.



The mapping of residual stresses results from
thermo-metallurgical simulation is possible for
further durability check of weld assembly.



The maximum principal stress induced in Hub is
487.3 Mpa which is above the yield criteria of 458
Mpa.



The hub will undergo plastic deformation due to the
applied torque.



The maximum principal stress induced in drive plate
is 188.5 Mpa which is well within the yield criteria
of 458 Mpa.
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