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Upper Umbrella Region




Upper Umbrella Region:

Flex Strap and Flag Detall

/ Upper Torque Ring
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Lower Umbrella Region




Lower Umbrella Region:
Flex Strap and Flag Detall




Upper Umbrella Region: Cross Section
OH Coil and Preload Assy Detail; Centerstack Case Not Shown




Lower Umbrella Region: Cross Section
OH Coil and Skirt Assy Detail; Centerstack Case Not Shown
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WorkBench Project Page: Simplified

Body Force Density Body Temperatures

Heat Generation

Cut-Plane
Body Force Density Displacements



L
SolidWorks Cyclic Symmetric Conductor Model
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S
Maxwell Full Cyclic Symmetric Conductor Model
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Maxwell Full Cyclic Symmetric Conductor Model:
TF Conductor Details: Single Cooling Channel Filled for Master-Slave BC

.032”
Distance to
Boundary

Single Cooling Channel Filled to /

Help Master-Slave Mapped Meshing
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Maxwell Full Cyclic Symmetric Conductor Model:
TF Conductor, Flag, and Flex Strap Details:

.062” Corner Radii:
.007” Gap Between

TF Conductor and Flags
/7 / Laminations

/

Insulator Plates Added to Help
Master-Slave Mapped Meshing
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Maxwell Cyclic Symmetric Conductor Model:
SCH#1: Magnetic Flux Density

NSTX

888888
333333
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Maxwell Cyclic Symmetric Conductor Model:
SC#1: Current Density

I [A/m~2]

6. BEBEE+E7
5. GEBRE+AT
5, 2BBBE+87
4. BEEEE+E7

4, YAERE+A7
4, BAERE+AT
3. GEEEE+E7
3. ZRBRE+AT
2, BRERE+a7
2, 4EBRE+a7
2, BBBEE+a7
1. BRAERE+AT
1, 2080E+87
8. BEEEE+EE
4, BREEE+A6
8, DRBEE+B8
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Maxwell Cyclic Symmetric Conductor Model:
SCH1: Ohmic Loss

Ohmic=Loss
[W/m~3]

6. BBREE+A7
5. GEREE+AT
5. ZBEEE+AY
4. GEREE+AT

4. YBREE+AT
4, BBEEE+A7
3. GRREE+AT
3. 2BREE+A7
2, GeasE+a7
2, YAREaE+a7
2, BBREE+a7
1. GBREE+AT
1. 2808E+a7
g, BBREE +A6
4. BBREE +A5
8, BBEEE +08

NSTX 1;5 16



Static Structural Model: Body Force Density Import
SCH1.:
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S
TF Bundle Turn-to-Turn Insulation Tape

Warp 1

Weft

Tape weight =.0113 |bs/ yd
S2 glass volume fraction = 51%
Warp: 49 strands/ in;
408 filaments/ strand;
filament diameter = 9 microns;
65% of tape glass volume
Weft: 52 strands/ in;
204 filaments/ strand;
filament diameter = 9 microns;
35% of tape glass volume

Es, = 87.5 Gpa; v,,=.23
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S
TF Bundle Turn-to-Turn Insulation Stack-up

.032”

.032”
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SR
TF Bundle Turn-to-Turn Insulation: CTD-425 Resin

Test Results: “Performance Evaluation of Cyanate Ester Resin (CTD-403)”, GVoss, EURATOM/
UKAEA Fusion Association/ CTD
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ANSYS Material Designer Insulation Properties
Square Fabric Assumed (software restriction)

]

| MName Value Unit P
Engineering Constants

E1 1.8561E+10 Pa O
EZ2 1.8561E+10 Pa O
E3 §.2244E+09 Pa O
G12 2 T708E+09 Pa O
G23 3.1287E+09 Pa O
GH 3.1239E-09 Fa O
nulz2 0.1083 O
nulld 041217 O
nuz3 041216 O
Density

tho 1632 [kgm3 |0
Thermal Expansion Coeffici

aX 1.6797E-05 c*™1 O
ar 1.6798E-05 c1 O
aZ 4.4031E-05 c*™1 O
Thermal Conductivity

K1 057897 wWm. |
K2 0.57857 Wm™.. |
K3 0532 Wm™.. |
Fabric Fiber Angle
|phi |ﬂ |degree | O

Results in general agreement
with MathCAD calculation, which
is also restricted to square fabric
applications.
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WiseTex Insulation Properties
Unsquare Fabric (software not restricted to square fabrics)

Elastic
properties,
GPa
1=warp
direction

laminate
VF 0.45
El 29.4
E2 13.2
E3 8.3
G13 2.9
G23 2.8
G12 3
nul3 0.46
nu23 0.58
nul2 0.16
nu2l 0.079

Results in good agreement with
latest CTD and in-house
measurements.
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S
TF Coils Cooling Flow Path: Schematic

LENGTH 7.5 IN.
ID0.25IN.
2 PLACES
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TF Coils Cooling Flow Path: Local Heat Transfer Coeff.
Fluid116 Thermal/ Fluid Elements

Heat Transfer Coefficient -h_ (W/m? C)
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TF Flag Heat Transfer Coefficient vs Bulk Water Temperature

Nu=.023 Re®Pr", n = .4 for
fluid heating (hot wall)

Nu =h_D,/k

Fluid properties evaluated at
local bulk temperature
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S
TF Coils Cooling Flow Path: Solid Model

INLET \ OUTLET l
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Transient Full Cyclic Symmetric Conductor Model:
Upper Flag Area
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Transient Full Cyclic Symmetric Conductor Model:
Lower Flag Area
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Transient Thermal Full Cyclic Sym. Conductor Model: Mesh
# Nodes = 7.0E06; #Elements = 16.5E06; Default Element Size =.25”
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Transient Full Cyclic Symmetric Results: Water Temperature
SC#1: Inlet Water Temperature = 12 C; Water Flow Rate = 2.5 GPM/ Leg
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Transient Cyclic Symmetric Results: Temperature
SCH1: Upper Flag Area
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Transient Cyclic Symmetric Results: Temperature
SCH#1: Lower Flag Area
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Transient Thermal Cyclic Sym. Results: Insulation Temperature
SC#1: Inlet Water Temperature = 12 C; Water Flow Rate = 2.5 GPM/ Leg

092,398
82.353

92,398
82,353

72,308 72,308
62.263 62,263
52,218 32,218
42173 42173
32,128 32,128
22,083 22.083

12.039 Min 12.039 Min

Lower Flag Upper Flag
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DesignModeler 30° Cyclic Symmetric TF Conductor and Supports Model:
Half of Full Umbrella and Lid Shown
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DesignModeler Cyclic Symmetric Conductors and Supports Model:
Cyclic Symmetric Umbrella and Lid Segments
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SolidWorks 30° Cyclic Symmetric Model: Present Model
Equivalent Stiffness Cyclic Skirt, OH Added
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DesignModeler Cyclic Symmetric TF Conductors and Supports Model:
Upper and Lower; PF Coils and Supports Not Included
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Static Structural Cyclic Symmetric TF Conductors and Supports Model:
Materials
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DesignModeler 360° TF Conductors and Supports Model:
Visual Expansion of 30° Model; PF Coils Not Included
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Static Structural Cyclic Sym. Model: Boundary Conditions
Fixed Constraints; Gravity; Applied Forces

Lower Flag Combined Applied Force (Ibf)
CSC  PF1AU/L PF1BU/L OH Preload Total Total/12

1889 2236 592 25,000 29717 2476
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Static Structural Cyclic Sym. Model: Boundary Conditions
Applied Temperature
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Static Structural Cyclic Sym. Model: Imported Loads
Body Temperature (t =6.5 s, End-of-Flat Top)
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Static Structural Cyclic Sym. Model: Imported Loads
Body Force Density
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Static Structural Cyclic Sym. Model: Y-Axis Deformation
SC#1: Inlet Water Temperature = 12 C; Water Flow Rate = 2.5 GPM/ Leg
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Static Structural Cyclic Sym. Results: Y-Axis Deformation

SC#1: Inlet Water Temperature = 12 C; Water Flow Rate = 2.5 GPM/ Leg
360° Visual Expansion
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Static Structural Cyclic Sym. Results: Insulation Normal Stress
SC#1: Inlet Water Temperature = 12 C; Water Flow Rate = 2.5 GPM/ Leg

Stress Free Reference Temperature =22 C

Lower Flag Upper Flag
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L
Static Structural Upper Flag Area Submodel: Solid Model
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Static Structural Upper Flag Area Sub Model: Mesh
# Nodes = 5E06; # Elements = 5E06
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Static Structural Upper Flag Area Submodel: Loads Boundary Conditions
Gravity; Applied Forces
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Static Structural Upper Flag Area Submodel: Loads + Boundary Conditions
Body Force Density
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Static Structural Upper Flag Area Submodel: Loads + Boundary Conditions
Body Temperature
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Static Structural Upper Flag Area Submodel: Loads + Boundary Conditions
Cut Plane Displacements
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Static Structural Upper Flag Area Results: Insulation Normal Stress
SC#1: Inlet Water Temperature = 12 C; Water Flow Rate = 2.5 GPM/ Leg

Stress Free Reference Temperature =22 C
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Static Structural Lower Flag Area Submodel: Solid Model
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Static Structural Upper Flag Area Sub Model: Mesh
# Nodes = 3.31E06; # Elements = 4.95E06
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Static Structural Upper Flag Area Submodel: Loads Boundary Conditions
Gravity; Applied Forces
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Static Structural Lower Flag Area Submodel: Loads + Boundary Conditions
Body Force Density
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Static Structural Upper Flag Area Submodel: Loads + Boundary Conditions
Body Temperature
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Static Structural Upper Flag Area Submodel: Loads + Boundary Conditions
Cut Plane Displacements
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Static Structural Lower Flag Area Results: Insulation Normal Stress
SC#1: Inlet Water Temperature = 12 C; Water Flow Rate = 2.5 GPM/ Leg

Stress Free Reference Temperature =22 C
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Static Structural Cyclic Sym. Model: Bundle Insulation Normal Stress
Insulation Stress Free Reference Temperature Study:

Table | - Insulation Normal Stress vs. Stress-Free Reference Temperature

. Avg. Insulation Conductor Vertical
RAfsmgned ?tress—Free Normal Stress Displacement
eference Temperature :
TZSt (C) . (MPa) (in) Comments
Bundle Temperature (C) Bundle Temperature (C)

Conductor  Insulation 22 100 22 100
1 22 22 0 -1.31E+04 0 0.161  Globally non-conservative
2 100 100 1.31E+04 0 -0.161 0 Most accurate
3 22 100 -1.83E+05  -1.96E+05 0 0.146  Globally non-conservative

Notes:

1. Test #1 determines the stress at operating temp. using PPPL historical stress-free reference temperature.
2. Test #2 determines residual stress at room temperature after cooldown from 100 C cure temperature.
3. Test #3 determines the stress at operating temperature using different Cu/Insul. stress-free temperatures.
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Static Structural Cyclic Sym. Model: Bundle Insulation Normal Stress
Insulation Stress Free Reference Temperature Study:

Stress (Pa)

Min = -1.95E6
Max = 3.26E5
Avg =-1.32E4

#1,
100C

#2,
22C
Stress (Pa)
Min = -3.26E5
Max = 1.95E6
Avg = 1.32E4
#2,
100C

NSTX

#3,
22C
Stress (Pa
Min =-2.92E7
Max = 4.69E6
Avg =-1.83E5
#3,
100C
Stress (Pa
Min =-2.92E7
Max = 5.03E6
Avg =-1.96E5
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Static Structural Cyclic Sym. Model: Bundle Insulation Normal Stress

Insulation Stress Free Reference Temperature Study:
Test #1, 100 C, With Insulation (Not Shown)
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Static Structural Cyclic Sym. Model: Bundle Insulation Normal Stress
Insulation Stress Free Reference Temperature Study: Conclusions and Recommendations

1. The results show that assuming a room temperature stress-free reference
temperature is non-conservative globally (compressive), but may be too
conservative locally in the high normal tension stress area of the flags.

2. Recommend running a separate analysis of an unconstrained/ free standing TF
bundle to determine the room temperature residual stress after cooldown from a
100 C curing temperature (stress-free reference temperature for both conductor
and insulation = 100 C), then applying that residual stress as an initial condition.
Done correctly, this should result in nearly zero residual stress at operating
temperature, the correct thermal growth of the bundle, and may lower the local
peak normal stresses in the insulation. Note: the same effect can be achieved by
adding a load step to the existing static structural model.

3. Kevin Freudenberg’s advice for including the residual stress effects in the TF
bundle analysis is:

1. Since the residual stress at operating temperature is so low, and would likely reduce the
normal tension stress, ignore it at operating temperature; but

2. Determine the residual stress at the initial temperature of 12 C and use this in the cyclic
stress fatigue calculations.
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Static Structural TF Inner Bundle Residual Stress Results: Z-Deformation

Environmental Temperature 12 C
Stress-Free Reference Temperature =100 CC

NSTX
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Static Structural Residual Stress Results: Insulation Normal Stress

Environmental Temperature =12 C
Stress Free Reference Temperature =100 C

Lower Flag Upper Flag

NSTX f}% 65



S
Static Structural Cyclic Sym. Model: External Load Path

Load Paths and Force: Contact/ Boundary Condition Probe Locations

A

v

!

AA

:zl/j

('q

N
\a
l T

X
<J/'

BB

D

A,B,C
E,F,G

Load Paths

NSTX
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TUV

Probe Locations
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Static Structural Cyclic Sym. Model: External Load Path

Load Paths and Forces: Contact/ Boundary Condition Probe Forces

NSTX

Table 1 - Contact Region and Boundary Condition Probe Forces Comparison

Baseline Worst-Case Delamination
Item Probe D ioti Coordinate Max %
# Location escription System i Fo iz i Fo F, Change
(Ibf) (Ibf) (Ibf) (Ibf) (Ibf) (Ibf)
1 AA Pedestal Base-to Floor -3.36E+06 457.1 27598 |-3.36E+06| 6256.3 28029 Cyclic
2 BB Vessel Support Leg-to-Floor -2.02E+05 1374.1 63517 |-2.02E+05| 1671.2 66226 Cyclic
3 A Upper Flag A-to-Flex Strap 46343 -10139 -55023 46325 -10104 -55035 0.35%
4 B Upper Flag B-to-Flex Strap 46248 -9142.5 -54669 46237 -9104.9 -54669 0.41%
5 C Upper Flag C-to-Flex Strap 46527 -9700 -55151 46524 -9664.5 -55147 0.37%
6 D Upper Lid-to-TF Bundle 1.06E+05 73842 -10593 | 1.06E+05 64231 -10659 Cyclic
7 E Upper Flex A-to-Lead Extension E 25321 17250 45356 25280 17269 45353 0.16%
8 F Upper Flex B-to-Lead Extension F 17102 18016 43747 17091 18040 43764 0.13%
9 G Upper Flex C-to-Lead Extension G 24122 17850 45074 24116 17871 45084 0.12%
10 H Upper Aluminum Block-to-TF Outer Leg H 2.49E+05 | 5.72E+05 | 1.23E+05 | 2.47E+05 | 5.71E+05 | 1.26E+05 Pinball
11 J1 Upper Aluminum Block-to-TF Outer Leg J1 2.37E+05 [ 2.01E+05 | 1.30E+05 [ 2.26E+05 | 2.13E+05 [ 1.29E+05 Pinball
12 J2 Upper Aluminum Block-to-TF Outer Leg J2 -1.46E+05 10006 -2.51E+05 | -1.46E+05| 5925.4 | -3.15E+05 | Pinball
13 K Upper Aluminum Block-to-TF Outer Leg K 1.77E+05 | -3.56E+05 | 1.67E+05 | 1.74E+05 | -3.55E+05 | 1.64E+05 Pinball
14 L Upper Umbrella Leg-to-Vessel Global Cylindrical -48873 2.03E+05 | 2.88E+05 | -48643 | 2.05E+05 | 2.88E+05 1.09%
15 M Upper Tie Rod-to-Clevis -99992 1.54E+05 -58712 |-1.02E+05| 1.56E+05 -60334 2.76%
16 N Lower Tie Rod-to-Clevis 1.31E+05 [ -1.68E+05 -30427 | 1.32E+05 | -1.70E+05 -30569 1.21%
17 P Lower Umbrella Leg-to-Vessel -4.07E+04 | -1.84E+05 | -2.42E+05| -40799 | -1.87E+05 | -2.42E+05 1.72%
18 Q Lower Aluminum Block-to-TF Outer Leg Q 1.05E+05 | 4.43E+05 | -1.29E+05 | 1.05E+05 | 4.45E+05 | -1.29E+05 | Pinball
19 R1 Lower Aluminum Block-to-TF Outer Leg R1 -19163 1.47E+05 | -1.40E+05 | -26410 1.59E+05 | -1.35E+05 | Pinball
20 R2 Lower Aluminum Block-to-TF Outer Leg R2 2.19E+06 -23515 -7.63E+05 | 2.23E+06 | -27790 -7.21E+05 | Pinball
21 S Lower Aluminum Block-to-TF Outer Leg S 3.49E+05 | -6.13E+05 | -1.15E+05 | 3.46E+05 | -6.14E+05 [ -1.17E+05 | Pinball
22 T Lower Lead Extension T-to-Flex Strap W 25515 -4581 -45664 25443 -4629.9 -45683 1.07%
23 U Lower Lead Extension U-to-Flex Strap X 17922 -2939.3 -44035 17861 -2989 -44059 1.69%
24 \% Lower Lead Extension V-to Flex Strap Y 24950 -3712.1 -45542 24890 -3795.9 -45568 2.26%
25 W Lower Flex Strap W-to-Flag W 45814 1881.9 56257 45850 1797.4 56245 4.49%
26 X Lower Flex Strap X-to-Flag X 46042 2196.9 55795 46007 2109.8 55793 3.69%
27 Y Lower Flex Strap Y-to-Flag Y 46088 2451.9 56107 45989 2300.4 56117 6.18%
28 VA Lower Lid-to-Pedestal 27223 -98847 25454 -6867.1 -81955 25527 Cyclic
Notes:

1. Magenta border: upper flag area probes.
2. Red border: lower flag area probes.

3. Probes on cyclic symmetric boundary parts are suspect; will be replaced with probes on new splice plane cuts provided specifically for probe purpose.
4. Probes on contact regions with gaps requiring a large pinball radius are suspect; will be replaced with probes on new splice plane cuts provided specifically for probe purpose.
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Static Structural Cyclic Sym. Model: External Load Path
Y-Direction (Toroidal) Deformation: Scale: 1.9E02

xep
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Static Structural Cyclic Sym. Model: External Load Path
Y-Direction (Toroidal) Deformation: Scale: 1.9E02

e
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Static Structural Cyclic Sym. Model: Delamination
Y-Direction (Toroidal) Deformation: Scale: 1.9E02
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Static Structural Cyclic Sym. Model: Delamination
Y-Direction (Toroidal) Deformation: Scale: 1.9E02

NSTX Zl 21



... AP P i
Appendix




Static Structural Umbrella Lid Model: Reaction Force
8 mm (.31”) Center Deflection/ TF Bundle Thermal Growth

R/ #Flags = 7327.6 |bf/36 K =7327.6 Ibf/.31in
=203.5 Ibf/ Flag = 23,637 Ibf/ in
ion"
ition
Type Force Reaction
w Boundary Condition -
Boundary Condition | Fixed Suppart
Orientation Global Coordinate System
Suppresse d Mo
= Options
Result Selection All
|| Display Time End Time
Results
[=|| Maximum Value Over Time
[ ¥ Auds -1.5732e-003 Ibf
[ ¥ Axis 2.58692-004 Ibf
[7] Z Awis 7327.6 Ibf
|| Total 7327.6 Ibf
[=/| Minimum Value Over Time
[ ] % Bxis 1,57322-003 Ibf
[ ] ¥ Axis 2.5860e-004 [bf
[ 7 huis 7327.6 Ibf
|| Total 7327.6 Ibf
Information
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Static Structural Umbrella Lid Model: Torsional Spring Rate
.D. =20 in, Test Torque = 100K Ibf-in

NSTX

J: Copy of Lid Stiffness Test Static Structural

Ditectional Defarmation
Type: Directional Deformation (Y fwis)

Unitz i
Coordinate Systern
Tirme: 1

4752018 114 PR

0.00025499
0.0002231
0.00019121
0.00015832
0.00012744
0.5547e-5
£.360%-5
317 e-5

- 100028688 Max

- -1.1735e-7 Min

Details of "Directional Deformation”

=l Scope
Scoping Method
Geometry
|| Definition
Type
Crientation
By
Display Time
Coordinate System
Calculate Time History
Identifier
Suppressed
=I| Results
Minimum
Maximum
Average
Minimum Cccurs On
Maximum Cccurs On

¥

Information

Geometry Selection
All Bodies

Directional Deformation
¥ Axis

Time

Last

Coordinate System

Yes

Mo

-1.1735e-007 in
2.8688e-004 in
1.0554e-004 in
E-DC1571-1
E-DC1571-1

6=r*0; 6 = 6/ r=.00022/ 10
0= 2.2E-5 radians = .0013 degrees
K =T/6 = 1.0E05/.0013 degrees

= 7.9E07 Ibf-in/ degree

0.00 25,00

50,00 (ir)

12,50 3730
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Static Structural Pedestal Model: Vertical Spring Rate
Test Force = 5E04 |bf

K = 5E04 Ibf/.0059 in
= 8.47E06 Ibf/ in

ETalls Of “LIreCtional Uerormation” o
| Scope

Scoping Method | Geametry Selection

Geometry | All Badies
| Definition

Type Directional Deformation

Orientation ¥ Axis

By Time

|| Display Time 15

Coordinate System Global Coordinate System

Calculate Time History | Ves

Identifier
Suppressed Mo

|| Results
[ Minimum -2,7908e-002 in
[ Maximum 7.0335¢-006 in
[ Average -2.0916e-003 in

Minimum Occurs On | E-DC1564-2\Impaortedi
Maximum QOccurs On | E-DC1694-1\Impaortedi

|| Minimum Value Over Time
[ Minimum [-2.7908e-002 in
[ Maximum |-27597¢-004 in
| Maximum Value Over Time
[ | Minimum [7.0335¢-006 in b
[ | Maximum 274692004 in (
| Information r
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Static Structural Pedestal Model: Torsional Spring Rate
O.D.=33in, Test Torque = 100K Ibf-in

6=r*0; 6 = 6/ r=.00303"/ 16.5”
0= 1.8E-4 radians = .0105 degrees
K =T/6 = 1.0E05/.0105 degrees

= 9.5E06 Ibf-in/ degree

Details of "Directional Deformation 2" 1
[-l| Scope

ooooooooooooo | Geometry Selection

Geo | Al Bodies
[=l| Definition

Type Directi

Oriental ¥ Axis

By Time

|| Display Time Last

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

eeeeeeeee

[ Minimum in
| Maximum 0281e-003
| Average .62582-004
Minimum Occurs DC1694-1h
Maximum Occurs DC1564-24
[=l| Minimum Value Over Time
1 Minimu m [1.3801e-003
| Maximum | .in
(=] Maximum Value Over Time
1 Minimu m [1.3836e-003
| Maximum |3.02.‘]1 2-003
[+ Information
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Static Structural Cyclic Pedestal Model: Vertical Spring Rate
Test Force = 5E04 |bf

K = 5E04 Ibf/.0049 in
=1.02E07 Ibf/ in

Details of "Directional Defermation” r
I Scope

Scoping Method | Geometry Selection

Geometry | All Bodies.
- =

Type Directional Deformation

Orientation ¥ Aods

By Time

| Display Time 15

Coordinate System Global Coordinate System
Calculate Time History | Yes

Identifier
Suppressed No

I Results
| Minimum -4.9384e-003 in
| Maximum 2.7319-006 in
[ Average -6.7156€-004 in

Minimum Occurs On | E-DC1564-2_Cydic Sym
Maximum Occurs On | E-DC16%4-1_Cyclic Sym
=/ Minimum Value Over Time

[ Minimum [ 493822003 in

|| Maximum |-2.10682-004 in
= Maximum Value Over Time

[ | Minimum |2.73192-006 in

[ | Maximum |2.08412.004 in
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Static Structural Cyclic Pedestal Model: Torsional Spring Rate
0.D. =33 in, Test Torque = 100K Ibf-in

6=r*0; 0 =6/r=.00315"/ 16.5”
0= 1.9E-4 radians = .0109 degrees
K =T/6 = 1.0E05/.0109 degrees

= 9.2E06 Ibf-in/ degree

Details of "Directional Deformati
Scope
Scopil ethod |Geu
Geom | &Nl Bodies
3

|| Minimum L in
| Maximum 15126003 i
O \55062-004 in
uuuuuuuuuuuuuuu E-DC1694-1-1
mmmmmmmmmmmmmmm E-DC1564-2_C
Value Over Time
| Minimum [-3.2663¢-00:
mmmmmmm |0.in
Value Over Time
|| Minimum |2.7687¢-00:
| Maximum |3.1512e.003
Information
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Static Structural Skirt Model: Vertical Spring Rate

Test Force = 1E04 Ibf

Details of "Directional Deformation” n

(=l Scope
Scoping Methad | Geometry Selection
Geometry | All Badies

= | Definition
Trpe Directional Deformation
Orlentation ¥ Axis .
o e K = 1E04 1bf/1.214E-04 in
 Display Time 1.5

Coordinate System Global Coordinate System = 8 2 3 EO7 I bf/ i n

Calculate Time History | Ves

Identifier
Suppressed [

=1/ Results
" Minimum -2.6343e-004 in
| Maximum 244182005 in
| Average -4.9332-005 in

Minimum Occurs On | STRESS_E-DC1482-1
Maximum Occurs On | STRESS_E-DC1480-1_Simple

nimum Value Over Time
" Minimum |-2.6343e-004 in
| Maximum |-5.8213e-005 in
=1 Maximum Value Over Time
| Minimum |24418e-005 in
| Maximum |5.8185e-005 in

Information
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L
Static Structural Skirt Model: Torsional Spring Rate

0.D.=21.89in, Test Torque = 10K Ibf-in

6=r*8; 6 =6/r=.00015"/ 10.95”
Caut i str s 6= 1.4E-5 radians = 8.0E-4 degrees
B — K =T/6 = 1.0E04/8.0E-4 degrees

Minimum 2.4901e-007 in .
Maximum 1.5358¢-004 in = 1 25 EO7 Ibf_ / d g
Average 2.2105e-005 in * In egree

Minimum Occurs On | STRESS_E-DE1480.
Maximum Occurs On | STRESS_E-DC1482-
= Minimum Value Over Time }
" Minimum |-1.2093e 004 in
" Maximum | 44012007 in
= Maximum Value Over Time
[ Minimum [1.2112e-0041n
|| Maximum |1.5358¢-004 in
Information
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Static Structural Cyclic Skirt Model: Vertical Spring Rate

Test Force = 1E04 Ibf

NSTX

Details of "Directional Deformation”

K = 1E04 |bf/1.045E-04 in
=9.57E07 Ibf/ in

=l Scope
Stoping Method |Geommy Selection
Geometry | ANl Bodies
[-I| Definition
Type Directional Deformatian
Orientation ¥ Axis
By Time
| Display Time 1.5
Coordinate System Global Coordinate System
Calculate Time History | Yes
Identifier
Suppressed No
=I| Results
| Minimum 1.6232¢-004 in
| Maximum 7.9535e-008 in
] Average 4.1324e-005 in

Minimum Occurs On | E-DC1482-1_2_Cydlic

Maximum Occurs On | E-DC1482-2_Cyclic

=I| Minimum Value Over Time
[ Minimum [-1.6232e-004 in
| Maximum | -3.4236e-005 in
= Maximum Value Qver Time
[ Minimum [7.9535e-008 in
|| Maximum |3.4234e-005 in
Information

3 o



Static Structural Cyclic Skirt Model: Torsional Spring Rate
O.D.=21.89in, Test Torque = 10K Ibf-in

Details of "Directional Deformati
(=l Scope
Scoping Methad [Gea
Geametry | All Badies
=/ Definition
TWpe | Directional Deformation
[| orientstion ¥ 2ods
M ey Time
| | ois 25
Coord Coord
Caleul s
I

D 8=r*@; 6 = 8/ r=.00020"/ 10.95”

| O — 0= 1.83E-5 radians = 1.04E-3 degrees
e K =T/6 = 1.0E04/1.04E-3 degrees
Eumi:um i me:: = 9.56E06 Ibf-in/ degree

O um | 2.2505¢ 007
jaximum Value Over Time

| Minimu m |8.5974¢-006

O m |2.0083¢-004
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Static Structural Vessel Supports Model: Vertical Spring Rate
Test Force = 1EQS5 Ibf

K = 1EO5 Ibf/1.919E-02 in
=5.21E06 Ibf/ in

NSTX
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Static Structural Vlessel Support Legs Model: Torsional Spring Rate
0.D.=134.25in, Test Torque = 100k Ibf-in

6=r*0; 6 =6/ r=.0079"/ 67.125”
0= 1.18E-4 radians = 6.74E-3 degrees
K =T/6 = 1.0E05/6.74E-3 degrees

= 1.48E07 Ibf-in/ degree

NSTX % 84



Static Structural Cyclic Vessel Support Legs Model: Vertical Spring Rate
Test Force = 1EQ5 Ibf

K = 1EO5 1bf/9.92E-03 in
= 1.01E07 Ibf/ in

NSTX % 85



Static Structural Cyclic Vessel Support Legs: Torsional Spring Rate
0.D.=134.25in, Test Torque = 100K lbf-in

6=r*0;0=6/r=.0142"/ 67.125"
0= 2.1E-4 radians = 1.21E-2 degrees
K =T/6 = 1.0E05/1.2E-2 degrees

= 8.25E06 Ibf-in/ degree

NSTX 826 86
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Upper Umbrella Region
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per Umbrella Region
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Upper Umbrella Region
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