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Finite Element Analysis of Yoke, Skin, and Tooling Using Ansys

Finite element modeling and analysis of the yoke - skin - tooting interface
using the SSC short model yoke and skinning press as a test bed is presented. Four
models are included in this analysis. They are listed below.

Model #1: Complete press using 2-d elements with depth option. No friction allowed in gap

elements. Press load: 5800 lb/in. No deflections applied due to thermal contraction of weld.

Model #2: Complete press using 2-d elements with depth option. Friction allowed in gap

elements, Friction Coeff = .74 for steel on steel woilubrication. Press load: 5800 lbfun. No

deflections applied due to thermai contraction of weld. Should simulate loading of the press

before welding.

Model #3: Complete press using 2-d elements with depth option. Friction allowed in gap

elements, Friction Coeff = .74 for steel on steel wo/lubrication. Press load: 5800 lb/in.

Deflections applied due to thermal contraction of weld of 0.00214". Attempts to simulate a first

pass weld.

Model #4: Complete press using 2-d elements with depth option. Friction allowed in gap

elements, Friction Coeff = .74 for steel on steel wo/lubrication. Press load: 5800 lb/in.

Deflections applied due to thermal contraction of weld of 0.004109". Attempts to simulate a

third pass weld.

Analysis
The plots which follow are in a cylindrical coordinate system with the origin at the
center of the cold mass. The values on the azimuthal stress plot are usually positive
due to the direction in which the plot path command which produced these graphs
was described. Therefore, distance is always from the vertical axis. The data is
taken at the center of the skin to try to eliminate local bending effects.



Model #1, plot 1 upper skin & 2 lower skin, show azimuthal skin stress in the
frictionless tooling case. The model shows oscillation between positive and negative
skin stresses between 27 and 75 degrees from horizontal. The largest spikes occur at
46 degrees from horizontal. This is due primarily to the large vertical force acting in
this area. The bulk of the vertical support for the cold mass occurs in this area by
design.

Model #2, plot 3 upper skin & 4 lower skin, show the azimuthal skin stress
tooling with friction model. The model shows well defined skin tension with a
negative peak at 38 degrees of -4833 psi for the lower skin. The skin is being
stretched azimuthally from 54 to 90 degrees and again from 23 degrees to the end.
The skin is being compressed azimuthally from 23 to 54 degrees from horizontal.

Model #3, plot 5 upper skin & 8 lower skin, show the case of tooling with
friction, also with deflections applied to the ends of the skin of 0.0021 4. The model
again shows well defined skin tension with a peak at 5 degrees. The maximum
azimuthal stress is 23.7 ksi in the lower skin and 6.6 ksi in the upper skin. The lower
skin is being stretched azimuthally over the entire length. The upper skin is still
being compressed azimuthally in the region near 40 to 60 degrees from horizontal.
The model shows that the skin between 90 and 45 degrees from horizontal is
relatively isolated due to friction. This model attempts to simulate a first pass weld.

Model #4, plot 7 upper skin & 8 lower skin show the frictional tooling case
with deflections applied to the ends of the skin of 0.00419". The skin stress peak is
again at 5 degrees from horizontal. The maximum azimuthal stress is 39 ksi in the
lower skin and 21 ksi in the upper skin. The highest equivalent stress occurs in the
upper skin with a maximum stress condition of 41 ksi. The model again shows the
isolation due to friction. The increase in skin tension from model #2 to model #4
from 60 to 90 degrees is approximately 500 psi to 1600 psi or triple in the lower
skin. The upper skin shows an increase from 560 psi to 600. This model attempts to
simulate a third pass weld.

The model uses 2-d stif 42 isoparametric solid with depth option Plot #9 and
#10. The depths are 6 inches for all sections of the model except the upper and lower
beam flanges .75" deep and the upper and lower cross beams 3.75" deep. The gap
elements are stif 52 with interference input as a real constant for all gaps. The
model simulates the maximum material condition which has an interference in the
spring arm section of the viking hats of slightly less than 0.007". The frictional
coefficient for all applicable models is .74 . The modulus of stainless is 2.99 E +07
and Poissons ratio is .300 . The thermal contraction is applied via the displacement



command and was calculated using the coefficient of thermal expansion of 9.9 x 10A6
and a temperature rise of -2500 degrees F. Model #3 uses a characteristic length of
.086" while model #4 uses a length of .166". I do not claim to have the magnitude of
the thermal stresses exactly correct. Some adjustment should be made for the
thermal expansion of the skin. 1 This uld increase the skin stress and should be
looked at further. Also, the removal of some viking hats in the long model press
would exaggerate the effects of friction in that particular tooling. Removal would
increase the normal force, increasing friction, further isolating the skin from 45 to
90 degrees from the horizontal. Analysis on the collaring press2 showed a ± 6% from
nominal pressure distribution due to linear spacing of the hydraulic cylinders. This
effect is probably exaggerated in the long press with cylinder spacing of 18". This
could increase the local stresses in sections directly under a cylinder.
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I Conversationswith Jim Strait and TS-SSC 91-184,"DCA313 Shell Gauge Data During Welding",Jim Strait
2 Notes from Collaring Press Design Review see chairperson, Tom Nicol,1991



and Skinning Press

1ST
.015

AMSYS 4.4A
OCT 3 1991
9:51:14

POST 1
OSYS= 11
STEP= 1

I TER=38
PATH PLOT
MOD 1=6912
M002=7069
SY
cSYS= 11

ZtJ =1
o I 81=0.
XE =0.
YE =0
ZF =0

5668
5

.5

.5

Plot #1 Azimuthal Skin Stress. In the Frictionless

327

264

202 4

1 39 1

75 1

13. 1

-49.

-112

-175

-238

-30 1

SSC Short Model Yoke

Case
Upper Skin



-190.

-286.

-382

-47?

SY

Short Model Yoke and Skinning

Y

01ST
97?

ANSYS
OCT 3

9 : 55:
POST 1
DSYS= 11
SlEPt 1
I TER=30
PATH PLOT
MOO 1=8869
N002=867 1
SY
CSYS= 11

ZU =1
0 IST=0
XF =0
YE =0
ZF =0

4.4A
1991

12

Plot #2 Azimuthal Skin Stress In the Frictionless

481.

385.8

289 8

1 93 5

97.9 1

1.929

-94 3

35

.5555

.5

.5

.5

i.gcs
0. 99759Q.

SSC

3.9S1 5.986 7.962 g*
993 4.988 6.984 8.979

Press

Case
Lower Skin



1

1159

559 . 4

-39.

-638

-1238

-1837

-243?

-3036

-3635

-4234

-4833

Yoke and Skin Modal with Friction

o I ST
10.015
4

Coef1.74

AMSYS
OCT 3
11: 25:
POST 1
OSYS= 11
STEP= I
I TER=35
PATH PLOT
MOO 1=5912
MOO2=7059
SY
CSYS= 11

ZtJ =1
OIST=0
XF =0
YE =0
ZF =0

4.4A
1991

26

Plot #3 Azimuthal Skin Stress In the Tooling w/Friction

SY

.6656

.5

.5

.5

0

Model
Upper Skin



1

915.1

497.5

80 . 0 1

-337.

-755.

-1173

-1590

-2008

-2425

-2843

-3260

Yoke and Skin Model with Friction

I.’.’

0 1ST
.982 9.97?

6.984 8.979

Coeff.74

AMSYS
OCT 3
11: 14:05
POST 1
OSYS= 11
STEP= I
I TER=35
PATH PLOT
NOD 1=8869
11002=867 1
SY

ZI =1
0 I STh0
XE =0
YE =0
ZF =0

CSYS= 11

4.4A
1991

Plot #4 Azimuthal Skin Stress In the Tooling w/Friction

1

97 .6555
.5
.5
.5

0 Lgcs s.g;’i
0.997692.993 4.988

Model
Lower Skin



1

V

01ST
012 :10015

9.014

AIISYS 4.4A
OCT 3 1991
10:39:55
POST 1
DSYS= 11
STEP=2
ITER=30
PATH PLOT
MOD 1=69 12
MOD2-7069
SY
CSYS= 11

ZU =1
OIST=0. 6665
XF =0.5
YE =0.5
ZF =0.5

and 0.00214" Ski.n Expansion

Plot #5 Azimuthal
w/Friction and

Skin Stress In the Tooling
0.00214" Deflection Model

SY
650 1

5683

4765

3847

2929

2011

1093

174.6

-743.

-1662

-2580

4

43

0 2.03
1.002 3.

4.
005

Model with Eriction

6
5.008

8

Upper Skin



AMSYS 4.4A
OCT 3 1991
14:20:40

SY
21014 V POST1

DSYS= 11
STEP2

18743 ITER=30
PATH PLOT
NOD 1=6912

16473 110027069
SY

14203 CSYS=11

ZU =111933 DIST=0.5666
XE =0.5

9553 . YF =0.5
ZF 0.5

7393

5123

2853

__________________________________

01ST1687Ø
.03 4.0J6 .0&9 ‘10.015

1.002 3.005 5.008 7.011 9.014

Modal with Skin Expansion .00411" and FrictIon

Plot #7 Azimuthal Skin Stress In the Tooling
w/Friction and 0.00411" Deflection Model

Upper Skin



I

V

0
9.

979

and Fr ict ion

1.9SJS 3.991 5.98t 7.962
0.997692.993 4.988 6.984 8.

.004 11"

I ST
977

AM SY S
OCT 3
14: 16:36
POST 1
OSYS= 11
STEP=2
ITER=30
PATH PLOT
MOD 1=8869
11002=867 1
SY

ZU =1
DIST=0.
XF 0.
YE =0.
ZF =0

CSYS= 11

4.4A
1991

Plot #8 Azimuthal
w/Friction

Skin Stress In the Tooling
and 0.00411" DeflectIon Model

SY
39366

35590

31813

28037

24260

20484

16708

12931

9155

5378

1602

Model with Skin Expansion

6666
5
S

.5

0

Lower Skin



UU.SS.U.h4 *PW*UUI
U* s I*n 1., 4 s pd u1w.’.
UUI.U..Itp,gIp..S.
.5 . . ass.

p . Uk. ugh 11155

! !

_________

1515151115*
*fl_4fl*,

U.ltZs’gt::

I 5151.1W,

1t*..I

p

:

*.usrs. tarn,.
t __

V. U * p - -
I-U.’..

i.u...vu
* -*pauin r.
IIISUbC
i*i S1IIIU IF,
lUll fl9 M.d t
*p..d t,..a
IflhIP..
..sn..1p-- iIu,..S
NSI..n..lIUPtIlIUUS
555... -1-ti r
I

uuuiuiUhi IIUIUVI...IJI
aUS.PUUI.ullIIUU..I

AMSYS
OCT 3

4.4A
1991

14:37:50
POST I ELEMENTS
TYPE MUM

ZU =1
*01 ST=42
*XF =4.

672
128

*YF =38.842

Model with Skin Expans ion .00411" and Eriction

Plot #9: Model of SSC Short Model

I

Yoke
and Skinning Press



ANSYS
OCT 3
14:55:
POST 1
TYPE

4.4A
1991

49
ELEMENTS

MUM

21 =1
O I ST= 11 . 492
XF =4.56
YF =3$753

Model with Skin and Friction

I

Expans i on C 004 11"

Plot #10: Tooling Mesh Detail



fl m-c-CN[IlWIIuiu c-n-n-c
C
m -i

IIIIIIH

WUWW-Cflt-C
n--4-ICcnc-

-o-acmmu.* -i
w rnru-,co Co
hull lIlI--.J -C

accDfl--- tea--. AaCi-Ofl COO
4S a-i - Qcn-uccco-- ar,3 i’ F’cniac -iui--

-ooiarc’uoJ WA iD -ica xl iDA
-J o o
Ill @

I
C

cn-it iii
Ffl U -a

Cl

=
C
a.
it

I-.

CS

m
x
0
0

A

0

/-.

C
0
a
-S

0

a.
ii
-N

C
S...

0
3

Caa



11111
-JCflCàhCO-J 11

m-c><cr’,j
cmm-c
C Cl
m -i

I U 1 U
nfl-

n
II II II II II II II
WCO-J-- an-s

-.Jh-fl
- OW t’fl-C

o-* oa o
0 ts
-J -,J

-Co
-I-I
nun
II 11
‘"‘a
C

=
0
a

a

C’

m
‘K
0
U

0

r.

C
C
a
-a
-a.

‘-F

C
3
a
‘1

I-

0

-Ic
-F’

C’-’

m
U

0

=
Ct
-C

@0

0*-a


