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Problem Statement

Simulate the laser welding process to determine thermal stresses and heat affected zone in the
structure. This is done on a simple model as shown below.

Plate 1

Weld

Plate 2
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Sweep mesh was used for the three
components. For the plates, three
elements were defined through the

thickness to capture the bending effects.
Lower order mesh was used in this case.

Component

3150
3150
1760
8060

4560
4560
3094
12214

Plate 1

Plate 2

Weld
Total
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Material Properties

All the parts in the model were assigned same material properties as shown below. For
simplicity, no temperature dependent properties were considered. Also material is
considered to be linear elastic.

il B iZ
Property Yalue Ik
T Density 7350 kg -3
= q@ Isotropic Secant Coefficient of Thermal Expansion
n]El Coefficient of Thermal Expansion 1.2E-05 -1
n]ﬂ Reference Temperature 22 C
=] l—El Isotropic Elaskicity
Derive from Young's Modulus and Pois, ., ;I
Young's Modulus ZE+11 Fa
Poisson's Ratio 0.3
Bulk Modulus 1.666606667E+11 Pa
Shear Modulus 7.B9230769ZE+10 Pa
l—El Alkernating Stress Mean Stress =4 Tabular
l—El Skrain-Life Parameters
T Tensile ¥ield Strength 250000000 Pa
El Compressive Yield Skrength 250000000 Pa
T Tensile Ultimate Strength 460000000 Pa
l—El Compressive Ulkimate Strength 0 Fa
l—El Isatropic Thermal Conduckiviky 60,5 W' -1 C-1
El Specific Heat 434 Jkg™-1C™-1
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Contact Definitions

Two contact were made:
* Contact between the plates.
* Contacts between weld and the plates.

Contact between weld and plates Contact between the plates

For this contact we further defined a
critical Bonding temperature of 500 C
using commands. As soon as the
temperature at the contact surface (T,) for
closed contact exceeds this bonding = o ‘- HOTE:  Any da‘;
temperature, the contact will change to e y '

“bonded.” The contact status will remain =

bonded for the rest of analysis, even if the
temperature subsequently decreases
below the critical value.

rmodif,cid, 35, 500

5 © 2011 ANSYS, Inc. June 20, 2018



Transient Thermal Analysis

6 © 2011 ANSYS, Inc. June 20, 2018



WSS Transient Thermal Analysis

To simulate the thermal field produced by the welding process, it is necessary to model the heat
source accurately. In this case, moving heat was modeled using the “Moving_Heat_Flux_R150 v3”
ACT extension which is available for download from ANSYS support website.

Please refer to the “Moving_Heat_Flux_R150 v3” ACT extension documentation on how to use this
extension.
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Faces on which moving
heat flux was applied

Edge Defining the path
of the heat source

Starting point of the
moving heat source

------- e [0/ ing H

=/ -

sbails af "Mowving

eat Flux

Loading conditions — Moving Heat Flux

Velocity of source = 5mm/sec

Geomekry

Start time = Osec
End Time of the heat source = 44sec

Scoping Method

Geometry Seleckion

Geomnekry

4 Faces

Path

Intensity of laser = 7.5 W/mm?
Radius of laser beam = 5mm

Scoping Method

Geometry Seleckion

Geomekry 1 Edge

Start Poink

Scoping Method Geometry Selection
Definition

Index 1

First Patch? Yes

Last Patch? Yes

Welocity 5 [mm sec™-1]
Gassian Heat flux Constant 1 5 [mm]

Gassian Heat flux Constant 2 7.5 [ mm™-1 mm™-1]
Skart Time 0 [sec]

End Time 44 [sec]

Mumber of Segments 100

Minimum Steps For Cooling Phase

20
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Convection Coefficient [W/mm2°C

b0.
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Foe-b

G.e-6

S.e-6

Oy

WWSEH Loading conditions — Convection

eckion

riveckion”

Scope

Scoping Methiod

Geometry Seleckion

Geornekry 11 Faces
Definition

ID (Beta) 127

Tvpe Convection

Filrn ZoefFicient

Tabular Daka

Coefficient Type

Average Film Temperature

ambient Temperature

22, °C (step applied)

Canvection Matrix

Praogram Controlled

Suppressed

Mo

Fhuid Flow (Beta)

Mo

Edit Daka Faor

Filrn Coefficient

Tabular Data

Independent Y ariable |Temperature
Graph Controls
K-fxis | Temperature

Temperature [#C] |[w Convection Coefficient [Wimme =]

3.78e-6 .
-92,50,

© 2011 ANSYS, Inc.

250, S0a, a0,

Temperature [*C]
June 20, 2018

1142.5

1|50, 3,78
2 | 100, 4,449
3 | zo0, 5,34
4 | 400, £.35
5 |00, 7.03
& | 1000, 7.99
*

e-006
e-006
e-006
e-006
e-006
e-006




Temperature Field

Temperature
Type: Temperature
Unik: =iC

Time: 0

121152014 4:59 PM

B872.26 Max
S00
440,25
380.5
320,75
261
201,25
141.5
g1.75
22 Min
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Heat affected Zone

Heat affected is calculated based on the region which has seen 500°C or more temperature during
the process.
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Thermal Stress Analysis



Thermal Stress Analysis

To predict stresses due to the thermal field generated by the transient thermal analysis, drag and drop a
“Static Structural” module on “Transient Thermal” as shown below.

- il - B - C

. " 3 _—n A= =
W ¥ Geometry W I Transient Thermal I 7= Skatic Skruckursl

2 i Geometry " £ @ Engineeting Data " =02 @ Engineering Data  «
Geametry —\“l 3 M Geometry v g8 3 ) Geometry v 4
4 @ Model S W4 @ Model v
] @' Setup v ‘/ 5 @' Setup v 4
& Solution v 4 B Solution v 4
7 @ Results v 4 7 @ Fesults v 4
Transient Thermal Skatic Structural
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Boundary Conditions

Frictionless Support

Compression Only

Support
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Loading conditions — Imported Temperature

Imported Body Temperature
Unit: °C
12/16/2014 4:23 PM

622.77 Max

5 556.02

489.26

— 422.51

D 355.76
289.01

— 222.26
155.5

I 88.752
22 Min

-

5 LEDMETrY A FHINT PEEVIEW A REDOIT F

Imported Load (B&)
L ) w4 K mporked Body Temper ature

==} [ TP T Sy

El

Temperature from Transient thermal is then
imported in the Static Structural for all the steps
at which Transient thermal has written data. In
total for this case there were 122 steps. Thus we
defined 122 steps in Static Structural and
imported the data at each step.

Result Sets from Thermal Analysis

ekails of !
Scope
- - Source Time (5] |.ﬁ.nal':.fsi5 Time (51 Time [5] [v Minirum [2C7 [T Masximum [#C]
Scoping Methiod Geometry Selection 1 | 0.44 — »[1 044 o 547 NZE4474
Geometry 3 Bodies 2 |0.88 froe >z |n.6s 22, 375.5061951
Definition a [1.32 I TaTs >3 1.32 22, 457 8466492
Type Imported Body Temperature 4 [1.76 Iyras) >4 1.76 22, S01.58593575
Tabular Loading Ramped 5 [2.2 2.2 ° 5 2.2 22, 542 2215576
= 4 N 6 |[2.64 2.64 ° =] 2.64 21.,29999309 570. 1467896
Hppresse ° 7 |3.08 3.08 . 7 |z.08 71,99999509  554.9557402
Source Environmenk Transient Thermal {BE:I g 3.57 3.57 ° g 3.52 #1.99999509 593,0750029
Source Time Warksheet 9 [3.96 3,96 o 9 3.96 21,99999509 612,354187
Graphics Controls 10 4.4 4.4 ° 10 |44 21.99999509 622, 7675171
By Ackive Row 11 [4.84 4.84 11 |4.84 21,929999309 6233441772
- 12 |5.28 5.28 12 |5.28 21.,29999309 627 8272095
Ackive Row 10
- 13 [5.72 572 13 |5.72 21.,99999509 635, 5468625
Beta Options (Beta) 14 |6.16 £.16 14 |6.16 71999909809  £42,4401855
Shows Body Wireframe (Beta) |I"-.Il:| 15 [6.6 i » |15 6.6 21,99999509 6353.4941406
1& = nA = nA




NWSH'CH Contact and Stress Results

C: Static Structural

Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 42.65

12/15{2014 4:59 PM

1236.7 Max
1099.3

961,65

824,47

68706

549.65

412,23

274,52

137.41
b.&56e-7 Min

C: Static Structural
Skatus

Type: Skatus

Tirne: 0

12/15/2014 4:58 PM

. Ower Constrained

. Far
D ear
[ ] sliding
. Sticking
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Heat affected Zone

Heat affected is calculated based on the region which has seen 500°C or more temperature during
the process.
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Thank You
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