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This is a preliminary analysis about finite element
simulation of a TIG welding test of two plates in AlSI
316 LN stainless steel.

Two uncoupled steps of analysis are executed:
nermal and then mechanical one.

The main strategy adopted is the “birth and death”
technique.

The analysis is carried out with Ansys rel.10




> Thermal shrinkage calculation

> Residual stress field calculation
> Restraints’ choice and placement
> Best sequence’s specifications

> Study of the effect of material
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Special aims of this analysis

> To build a simplified fem model in order to
evaluate the feasibility of developing a larger
fem model that can simulate a real TIG
welding test

> To know the CPU time and the amount of
Hard Disk demand for the simplified model
(on a office PC) to assess the real request for
the complete model on a faster machine

> Check If the final global strain of the first
model is correctly foreseen
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Geometry

The geometrical model has the length that

Is one third of the real longitudinal

dimension (z2)

The width of the single plate is chosen to
have a acceptable total node number

The caulker has a variable gap
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Scheme for subsequent passes

Lateral restraints position




FEM MODEL

ELEMENTS

QCT

5 2007
16:40:57

The connection
between rigions
with different mesh
density is obtained
with contact
element with the
“multi-point-
constraint” option.

The connection
between the plates
and the edge
restraints is made
with coupling nodes
DOF.

The model has
about 91000
elements and 82000
nodes.



Caulker’s elements

ELEMENTS

EEAL NUM

The elements that
simulate the filling
material are
collected in
groups that
represent the
different passes.

These elements
are subjected to
“birth” technique:
they are killed at
the beginning of
the analysis and
then reactivated at
the proper time
when the heat
source passes.

There are 80
elements in axial
direction whose
length is about

4 mm.




These elements
represent the

checked to find
out if the basic

temperatures are
material is

mushy zone
whose final
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Convection elements
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These elements
overlay brick
elements all over
the plates. We can
choose the film
coefficient and the
bulk temperature




Radiative elements

ELEMENTS
EEAL NUM

These elements
overlay the elements
describing filling
material. They are
killed at the
beginning of the
analysis and then
reactivated one by
one at the same time
of the underlying
brick element to
simulatate the
radiative heat loss of
the molten metal
drop.




AISI 316 Material Property
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thermal expansion coeff. (1/K)

2.5E-05

2.0E-05 W‘ = = & 4

1.5E-05 -

1.0E-05

5.0E-06

0.0E+00 ‘ ‘ ‘

0 500 1000 1500 2000 2500 3000
temperature (K)

—e— analitical formula —=— extrapolated values —— keep constant

3500

o, =16.3153 + 4.9348 .10 °T —1.6585 -10 °T*




(GPa)

2.5E+11

Young Modulus (Pa)

2.0E+11

15E+11 -

1.0E+11 -

5.0E+10

0.0E+00

500 1000 1500 2000 2500

temperature (K)

—e— Young mod (GPa) —=— extrapolated values —— keep constant

3000

3500

E =200.3795-8.1221-107°T




0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Poisson's coefficient

500

1000 1500 2000 2500 3000
temperature (K)

—e— analitical formula —s=— extrapolated values —— keep constant

3500

vy =0.2921+7.169-10°T




(Pa)

4.0E+08

3.5E+08

3.0E+08

2.5E+08

2.0E+08

1.5E+08

1.0E+08

5.0E+07

0.0E+00

Yield strength (Pa)

A

200

400

600 800 1000 1200 1400

temperature (K)

—— OUTOKUMPU web site —s— extrapolated values

1600

1800




(Pa)

7.E+08

6.E+08

5.E+08

4.E+08

3.E+08

2.E+08

|A
m
+
o
0

0.E+00

nltimata ctranath (Pa)
“vitiriitave \Jllbllulll \l ULI
200 400 600 800 1000 1200 1400 1600

temperature (K)

—— OUTOKUMPU web site —s— extrapolated values

1800




Thermal analysis

*The axial length of model is 315 mm

*There are 80 elements in axial direction whose length is about 4 mm.
*Every pass is constituted by 80 load step plus 3 for cooling.

*The welding speed chosen is 0.25 mm/s.

*The total time for a single pass is about 1265 s (~21 min)

*The cooling total time between each pass is 5 times the single pass welding
time

*The thermal analysis is concerned till the forth pass (up and down side)

*The CPU time is about 11 hours [Pentiun 4 (R) 3.2 GHz - 2Gb Ram]
*The Hard Disk space is about 40 Gb
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1st pass: step n. 40

HMODAL SOLUTION ANSYS 10.0

STED=40 OCT 8 2007

e :1 11:04:30
MIFIME=6A33 .333

(AVG)

680.726 1068
486.863 g874.588%




1st pass: step n. 80

NODAL SOLUTTION

ANSYS 10.0
oCT 8 2007
gggp;iu 11:04:37
TIME=1267
FLE (AWVGE)

253.04 £26.718 960.3596
45%.873 753.557 1127 1461

1725




1st pass: final cooling step

NODAL SOLUTTION

ANSYS 10.0
oCT 8 2007
2339;23 11:22:41
TIME=T600
FLE (AWVGE)

5135978 B0 995 322.012 32B.02T
315.587 320.003 324.02 328.037

330.045
332.054




2nd upside pass: step n. 40

NODAL SOLUTTION ANZYS 10.0
CCT 8 2007

STEL-Las 11:54:35

SUB =1

314.514 £72.184 1030
453.3453 851.0183




2nd upside pass: step n. 80

MODAL 3OLUTICN ANSYS 10.0
oCT 8 2007

STEE-LEd 11:54;42

SUB =1

314.827 £35.461 956,00
475.144 185,77




2nd upside pass: final cooling step

MODAL 3OLUTION ANSYS 10.0
oCT 8 2007

A 12:02:50

SUB =1

335,569 340, 000 o
333,367 337.81 - 351,142

331.145




2nd downside pass: step n. 40

NODAL SOLUTICH ANSYS 10.0
Al OCle?ng?gi
SUR =1

TIME=15833

TEMP (RVE)

REYS=0

SMM =330.983
SM =18818




2nd downside pass: step n. 80

NODAL SOLUTTION ANZYS 10.0

QCT 8 2007
12:08:32

STEP=244
SUB =1
TIME=16467
TEMF (AVG)
REY3=0

SMN =330.609
SM =1734

| |
954,516 1266 1578
8.533 1110 1422 1734




2nd downside pass: final cooling step

MODAL 3OLUTICN

STEP=249
SUB =1
TIME=Z2800
TEMP {AVGE)
REYE=0

SMN =340.1Z4
SM =358.715

348.388

ANS
QCT
T

350.453

352.51%5

354.584

356.645

¥g 10.0
3 2007
2:32:44

358.715




3rd upside pass: step n. 40

NODATL 3OLUTIOL ANZYS 10.0
CCT 8 2007
12:39:31

339.38 £54.403 963
456.851 811.514




3rd upside pass: step n. 80

MODAL SOLUTTCL ANSYS 10.0
oCT 8 2007
12:39:40

338.463 £52.087 96
455,275 508.855




3rd upside pass: final cooling step

NODATL SOLUTIOL ANSYS 10.0
oCT 8 2007
12:47:293

BAG.RE 338,156
33ELT53 339,559




3rd downside pass: step n. 40

M

NODAL SOLUTION ANSYS 10.0
AN OCTlB?DE?E;
SUB =1

TIME=31033

TEMP (AVG)

RYYS=0

SMN =334.20Z2
SMp =1751




3rd downside pass: step n. 80

MODAL 3OLUTICN

ANSYSZ 10.0
OCT 8 2007
13:06:57

STEP=412
SUB =1
TIME=31667
TEMP {AVGE)
REYE=0

SMN =332.98
M =1745

960.464
83 1117 1431 1745




3rd downside pass: final cooling step

NODAL SOLUTTION

STEP=415
SUB =1
TIME=38000
TEMF (AVG)
REY3=0

SMN =331.296
SM =343 .925

ANSYS 10.0
QCT 8 2007
13:08:52

e R L
338.31%2 341.118

342,528

343.925




4th upside pass: step n. 40

MODAL SOLUTTCL ANSYS 10.0
oCT 8 2007
1321 1Y




4th upside pass: step n. 80

NODATL 3OLUTIOL ANZYS 10.0
CCT 8 2007
13:21:27

329.35 £51.2189 97
450.285 812.153




4th upside pass: final cooling step

MODAL SOLUTTCL ANSYS 10.0
oCT 8 2007
13: 2233

336,677 340,296 ;
338,487 342,106 352,965




4th downside pass: step n. 40

NODAL SOLUTTION

ANSYS 10.0
STEP=53§ OCTIE?Eg?g;
S5UB =1 T
TIME=46733

TEME (BTG

R3YS8=0

SMN =335.991
SM =1875




4th downside pass: step n. 80

MODAL 3OLUTICN

ANSYSZ 10.0
OCT 8 2007
13:31:00

STEP=578
SUB =1
TIME=4A867
TEMP {AVGE)
REYE=0

SMN =334.872
M =1776

T

1136 1456 1776




4th downside pass: final cooling step

MODAL 3OLUTICN ANSYS 10.0

A OCTlB?Bi?gg
SUB =1

TIME=53200

TEME (RVG)

RYYS=0

SMN =339.263
SM =355.378

339.263 342.844 346.425 350.006 353..587
341.053 344.634 348.215 351.787 355.378




Structural analysis

Only the first pass has been executed.
The need of CPU time is 3 days, and the Hard Disk space is about 21 Gb

ANSYS 10.0
0CT 8 2007
14:16:20
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ANSYS 10.0

OCT 8 Z007
14:17:04

NODAL SOLUTION
STEP=40
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PowerGraphics
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PowerGraphics
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o0CT 8 2007
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