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4.0 Executive Summary 
 

    The Global model of NSTX Center Stack Upgrade (NSTX-CSU)  provides a simulation of the overall 
behavior of the machine. It provides boundary conditions for local models and sub Models , or allows 
inclusion of the detailed models of components in the global model.  In many cases it has been built from  
from other available model segments – The upper and lower head sections of the vessel model come from 
H.M. Fan’s early vessel models. The cylindrical shell that contains the mid plane ports comes from a vessel 
model built by Srinivasa Avasarala from the Pro–E model of the vessel.  In some instances parts of the 
global model were exported to be evaluateds in more detail. Multiple scenarios from the NSTX design 
point  are run using the global model. The design points are publised on the web and are maintained by C. 
Neumeyer. As of this issue of the calculation, 70 of the 90 normal operating current sets published in the 
July 2009 design point have been run in the global model. The September 8 design point has a revision to 
the OH current variations and these have not yet been run.  Loads from  normal operating current sets are in 
general much less severe than loads that are based on worst case power supply currents.  In order to 
compare the global model results with some of the local models that have been run, some of the “worst 
case” currents have been run in the global model. The outer TF reinforcements are an example of this. 
Results reported in sub paragraphs of section 8 have been used to qualify components, check results and 
guide the need for further analyses. The outer TF leg reinforcements discussed in  section 8.3 and in NSTX 
calculation number 132-04-00 are based on two pairs of current sets. These are intended to maximize the 
out-of-plane loading on the TF outer legs for an up-down symmetric loading and an up-down asymmetric 
loading that causes large net torques on the outer legs. These two current sets were included in the loading 
analyzed in the global model. Behavior of the two analyses is consistent.  Section 8.3 discusses these 
results and adds a qualifiucationn of the bending related bond shear in the TF outer leg. Section 8.1 
documents the acceptable stresses in the diaphram plate that replaces the gear tooth torsional connection 
between the centerstack and the outer umbrella structure.Section 8.5 provided global displacements to the 
detailed analysis of the flex joint [7]  Section 8.6 is to date, the only treatment that shows acceptability of 
the torsional shear in the inner leg. Section 8.9 similarly profided guidance on global twist in the evaluation 
of the centerstack OH support details. Section 8.8 shows the stresses and loading around the I beam column 
attachmeents to the vessel and points to the need to evaluate the weld details of this connection.  

 

 

 
Figure 4.0-1 Global Model Status as of June 22 2009 
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5.0 References                                         
 
[1]  http://www.pppl.gov/~neumeyer/NSTX_CSU/Design_Point.html  Dated 2 -17- 2009 
[2] Fusion Ignition Research Experiment Structural Design Criteria; Doc. No.  11_FIRE_-
DesCrit_IZ_022499.doc; February, 1999 
[3] "MHD and Fusion Magnets, Field and Force Design Concepts", R.J.Thome, John Tarrh, Wiley 
Interscience, 1982 
[4] “Analysis of TF Outer Leg ” Han Zhang  NSTX Calculation Number 132-04-00  
[5] “Estimated and Compiled Properties of Glass/101K Epoxy/Kapton Composite Properties at Room 
Temperature” Report to Jim Chrzanowski Princeton Plasma Physics Laboratory July 15, 2009 R. P. Reed 
Cryogenic Materials, Inc.Boulder, CO 
[6] NSTX Structural Design Criteria Document, I. Zatz 
[7] “TF Flex Joint and TF Bundle Stub” T. Willard, NSTX-CALC-132-06-00 
[8] “Influence Coefficients”, R. Hatcher, NSTX-CALC-13-03-00 
[9] NSTX Design Point Sep 8 2009  http://www.pppl.gov/~neumeyer/NSTX_CSU/Design_Point.html 
[10] Maximum and Minimum Loads on the NSTX OH and PF Coils, and Coil Groupings” P.Titus   NSTX-
CALC-13-02-00  
[11]  ANSYS Structural Analysis Program, Revision 10.0  Swanson Analysis Systems 
[12] "Mechanical, Electrical and Thermal Characterization of G10CR  and G11CR Glass Cloth/Epoxy 
Laminates Between Room Temperature and 4 deg. K", M.B. Kasen et al , National Bureau of Standards, 
Boulder Colorado.  
[12] National Spherical Torus Experiment NSTX CENTER STACK UPGRADE GENERAL 
REQUIREMENTS DOCUMENT NSTX_CSU-RQMTS-GRD Revision 0 March 30, 2009 Prepared By: 
Charles Neumeyer NSTX Project Engineering Manager 
 



NSTX Global Model Calc# NSTX-CALC-13-01-00     Page #5 

6.0 Model 
 
    The Global model of NSTX Center Stack 
Upgrade (NSTX-CSU)  provides a simulation 
of the overall behavior of the machine. It 
provides boundary conditions for local models 
and sub Models , or allows inclusion of the 
detailed models of components in the global 
model.  In many cases it has been built from  
from other available model segments – The 
upper and lower head sections of the vessel 
model come from H.M. Fan’s early vessel 
models. The cylindrical shell that contains the 
mid plane ports comes from a vessel model 
built by Srinivasa Avasarala from the Pro–E 
model of the vessel.  Thermal Extremes, bake-
out and operating temperatures in the 
centerstack casing are included as separate 
load steps . In another load step vacuum loads 
are applied. In some runs these are left on and 
in others they are turned off. To get the proper load balance, all the port openinngs must be closed and 
properly loaded. At this writing there are still some vessel shell areas that are reversed and some port 
openings that are not closed.  
    
  

 
Figure 6.0-1 Global Model Status as of June 22 2009 

 
Figure 6.0-2 Global Model as of October 2009 
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6.1 Modeling Elements, Real Constants 
 

 
Figure 6.1-3 View Inside Umbrella Structure 

 
Figure 6.1-2 TF real constants 

 
Figure 6.1-1 PF Coil Real Constants 
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TF Outer Leg Dimensions 
 

 
Figure 6.1-4 Single Turn Dimensions 
(The Outboard Leg has 3 turns 

 
Figure 6.1-5 TF Outer Leg Dimensions 
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Figure 6.1-7 

 
Figure 6.1-6 

Coil Builds 
#33 is the Plasma 

# r z dr dz nx nz 
1  .2344  .0021  .01  4.3419  2 20 
 2  .2461  .0067  .01  4.2803  2 20 
 3  .2577  .0022  .01  4.2538  2 20 
 4  .2693  -.0021  .01  4.1745  2 20 
 5  .3239  1.5906  .0413  .3265  4 4 
 6  .4142  1.8252  .042  .1206  4 4 
 7  .56  1.8252  .042  .1206  4 4 
 8  .7992  1.8526  .1627  .068  4 4 
 9  .7992  1.9335  .1627  .068  4 4 
 10  1.4829  1.5696  .1631  .034  4 4 
 11  1.4945  1.5356  .1864  .034  4 4 
 12  1.4829  1.6505  .1631  .034  4 4 
 13  1.4945  1.6165  .1864  .034  4 4 
 14  1.795  .8711  .0922  .034  4 4 
 15  1.8065  .9051  .1153  .034  4 4 
 16  1.7946  .8072  .0915  .068  4 4 
 17  1.795  -.8711  .0922  .034  4 4 
 18  1.8065  -.9051  .1153  .034  4 4 
 19  1.7946  -.8072  .0915  .068  4 4 
 20  2.0118  .6489  .1359  .0685  4 4 
 21  2.0118  .5751  .1359  .0685  4 4 
 22  2.0118  -.6489  .1359  .0685  4 4 
 23  2.0118 -.5751  .1359  .0685  4 4 
 24  1.4829 -1.5696  .1631  .034  4 4 
 25  1.4945 -1.5356  .1864  .034  4 4 
 26  1.4829 -1.6505  .1631  .034  4 4 
 27  1.4945 -1.6165  .1864  .034  4 4 
 28  .7992  -1.8526  .1627  .068  4 4 
 29  .7992  -1.9335  .1627  .068  4 4 
 30  .56  -1.8252  .042  .1206  4 4 
 31  .4142  -1.8252  .042  .1206  4 4 
 32  .3239  -1.5906  .0413  .3265  4 4 
 33  .9344  0  .5696  1  6 8 
 

Figure 6.1-8 Details of the Tangential Radius Rod and PF 
3,4,5,u&L Support  

 
Figure 6.1-9 Details of the PF3,4,5,U&L Support 
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6.2 Input Currents 
The most recent analyses are based on the current sets included in the design point: 

 
http://www.pppl.gov/~neumeyer/NSTX_CSU/Design_Point.html 

 
In addition, some earlier runs used a series of equilibria from Jon Menard and worst case 

currents provided by C. Neumeyer. These are shown below:  
 

PF Scenario Currents In Mat – (Prior to 90 Design Point Scenarios) 
Coil 
# 

TFON IM 
-0.1 -0.05 0 0.05 0.1 

Worst 
1 

Worst 
2 

Worst3 Worst4 Worst5 

Step 2 3 4 5 6 7 8 9 10 11 12 13 
 Nst1 Nst2 Nst3 Nst4 Nst5 Nst6 Nst7 Nsw3 Nsw4 Nsw5 Nsw6 Nsw7 
1 0 5.88  .000  .000  .000  .000  .000 -5.88 5.88 5.88 -1.47 -1.47 
2 0 5.808  .000  .000  .000  .000  .000 -5.808 5.808 5.808 -5.808 -1.452 
3 0 5.76  .000  .000  .000  .000  .000 -5.76 5.76 5.76 -5.76 -1.92 
4 0 5.664  .000  .000  .000  .000  .000 -5.664 5.664 5.664 -5.664 -1.416 
5 0 0 7.172 7.196 7.234 7.348 7.452 0.784 0.784 0.784 0.784 0.784 
6 0 0 -5.650 -4.763 -3.628 -2.331 -.946 0.12 0.12 0.12 0.12 0.12 
7 0 0 -4.922 -4.014 -2.936 -1.755 -.517 0.2 0.2 0.2 0.2 0.2 
8 0 0 4.484 4.307 3.941 3.401 2.772 0.168 0.168 0.168 0.168 0.168 
9 0 0 4.484 4.307 3.941 3.401 2.772 0.168 0.168 0.168 0.168 0.168 
10 0 0 -1.058 -1.426 -1.655 -1.720 -1.690 -0.112 -0.112 -0.112 -0.112 -0.112 
11 0 0 -1.058 -1.426 -1.655 -1.720 -1.690 -0.128 -0.128 -0.128 -0.128 -0.128 
12 0 0 -1.058 -1.426 -1.655 -1.720 -1.690 -0.112 -0.112 -0.112 -0.112 -0.112 
13 0 0 -1.058 -1.426 -1.655 -1.720 -1.690 -0.128 -0.128 -0.128 -0.128 -0.128 
14 0 0 -2.388 -1.183 -.206  .488  .923 -0.08 -0.08 -0.08 -0.08 -0.08 
15 0 0 -2.388 -1.183 -.206  .488  .923 -0.1 -0.1 -0.1 -0.1 -0.1 
16 0 0 -2.388 -1.183 -.206  .488  .923 -0.16 -0.16 -0.16 -0.16 -0.16 
17 0 0 -2.388 -1.183 -.206  .488  .923 -0.08 -0.08 -0.08 -0.08 -0.08 
18 0 0 -2.388 -1.183 -.206  .488  .923 -0.1 -0.1 -0.1 -0.1 -0.1 
19 0 0 -2.388 -1.183 -.206  .488  .923 -0.16 -0.16 -0.16 -0.16 -0.16 
20 0 0 -3.374 -4.340 -5.139 -5.771 -6.210 -0.384 -0.384 -0.384 -0.384 -0.384 
21 0 0 -3.374 -4.340 -5.139 -5.771 -6.210 -0.384 -0.384 -0.384 -0.384 -0.384 
22 0 0 -3.374 -4.340 -5.139 -5.771 -6.210 -0.384 -0.384 -0.384 -0.384 -0.384 
23 0 0 -3.374 -4.340 -5.139 -5.771 -6.210 -0.384 -0.384 -0.384 -0.384 -0.384 
24 0 0 -1.058 -1.426 -1.655 -1.720 -1.690 -0.112 -0.112 -0.112 -0.112 -0.112 
25 0 0 -1.058 -1.426 -1.655 -1.720 -1.690 -0.128 -0.128 -0.128 -0.128 -0.128 
26 0 0 -1.058 -1.426 -1.655 -1.720 -1.690 -0.112 -0.112 -0.112 -0.112 -0.112 
27 0 0 -1.058 -1.426 -1.655 -1.720 -1.690 -0.128 -0.032 -0.128 -0.128 -0.128 
28 0 0 4.484 4.307 3.941 3.401 2.772 0.168 0.168 0.168 0.168 0.168 
29 0 0 4.484 4.307 3.941 3.401 2.772 0.168 0.168 0.168 0.168 0.168 
30 0 0 -4.922 -4.014 -2.936 -1.755 -.517 0.2 0.2 0.2 0.2 0.2 
31 0 0 -5.650 -4.763 -3.628 -2.331 -.946 0.12 0.12 0.12 0.12 0.12 
32 0 0 7.172 7.196 7.234 7.348 7.452 0.784 0.784 0.784 0.784 0.784 
33 0 0 2.000 2.000 2.000 2.000 2.000 2 2 2 2 2 
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6.2 Fields and Forces 
 
The peak field from the load files used in the global model is 
4.9T. The peak field from the electromagnetic current diffusion 
model is 4.2T. They used different TF inner leg dimensions 
from different design point published throughout 2009
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6.2 Mesh Generation and Model Creation.  
 
    The mesh generation and calculation of the Lorentz forces is done outside of ANSYS using a code 
written by the author of this report. It is the same code that was used by the author in the “first” EDA. It is a 
Biot Savart solution based on single stick field calculations from Dick Thomes book [3] with some help 

from Pillsbury’s FIELD3D code to catch all the 
coincident current vectors, and other singularities. 
The analysts in the first ITER EDA went through 
an exercise to compare loads calculated by the 
US, RF and by Cees Jong in ANSYS, and that the 
US analyses were “OK”. Agreement was not 
good on net loads on coils that should net to zero 
– all the methods had some residuals, but 
summations on coil segments agreed very well. 
code Some information on the code, named FTM 
(Win98) and NTFTM2 (NT,XP),  is available at: 

http://198.125.178.188/ftm/manual.pdf  ). 
     The loads can be calculated  within ANSYS, but the constraints on magnetic modeling vs. structural 
modeling make it tough to vary the structure. Coil mesh files and load files are separate in the structural 
model, and  the support structure can be changed without changing the magnetics. The model segments and 
load files are input with the /INPUT command within the ANSYS batch file and look like ANSYS text 
commands. All the solid elements are SOLID 45’s. Higher order elements are not used because the force 
calculations, if done outside of ANSYS, need some correction at the mid side nodes. Gap elements are the 
point-to-point type – Type 52. The use of the authors meshing tools is largely a result of wanting to control 
the mesh alignment at the interfaces, required by the point to point elements. Target surface elements take 
up too much solution time.  

 
 
Figure 6.2-1  H.M. Fan’s Quarter Symmetry 
Model of the Vessel and Passive Plates 

 
Figure 6.2-2 TFON Loading 
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6.3 History 
 
The global model has evolved through the Conceptual design activity. Early models were used to address 
alternate joint concepts. Variations in the outer leg support modifications were also considered. The TF 
outer leg support truss was  modeled in the global model, and shown in Figure 4.0-1. Only the tangential 
radius rod results are reported in this calculation. 
 

 
 
 

 
Figure 6.3-1 Jacking ring concept 

 
Figure 6.3-2 A Global Model of a Joint concept that was close to Bob Woolley’s Original Concept  
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6.4 Run Log 
 

Global Model Runs 
Run File Date Mandrel 

File 
Coil 
File 

Load 
Files 

Comments 

      
Nstx06.txt 2-2009     
Nstx17.txt 9-2009    Linear (Links Replace Gaps) 
Nstx18.txt 9-2009    Non-Linear Gaps 
      
      
      
 
 

 
Figure 6.4-1 Model used in Run#6 
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7.0 Materials and Allowables    
7.1Elastic Constants                           
 
7.2 Allowables 
 
Design guidance and structural criterial are contained in the NSTX structural design 
criterial [6] 
7.2-1 Copper Conductor Allowable: 
 
The TF copper ultimate is 39,000 psi or 270 MPa . The yield is 38ksi (262 MPa).  Sm is 
2/3 yield or 25.3ksi or 173 MPa – for adequate ductility, which is the case with this 
copper which has a minimum of 24% elongation.  Note that the ½ ultimate is not invoked 
for the conductor (It is for other structural materials) . These stresses should be further 
reduced to consider the effects of operation at 100C. This effect is estimated to be 10% so 
the Sm value is 156 MPa.  

• From: I-4.1.1   Design Tresca Stress Values (Sm), 
NSTX_DesCrit_IZ_080103.doc 

• • (a) For conventional (i.e., non-superconducting) conductor materials, the design 
Tresca stress values (Sm) shall be 2/3 of the specified minimum yield strength at 
temperature, for materials where sufficient ductility is demonstrated (see Section 
I-4.1.2). * 

•  It is expected that the CS would be a similar hardness to the TF so that it could be 
wound readily. For the stress gradient in a solenoid, the bending allowable is 
used. The bending allowable is 1.5*156 or 233MPa 

 
7.2-2  Stainless Steel Allowable 
 
Material Sm 1.5Sm 

316 LN 
SST 

183Mpa (26.6 
ksi) 

275Mpa 
(40ksi) 

316 LN 
SST  
weld 

160MPa(23.2ksi) 241MPa(35ksi)

304 
Vessel 

 45 ksi 
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From Dick Reed Reports/Conversations [5] : 

 
Shear strength, short-beam-shear, interlaminar 
       Without Kapton                65 MPa    (TF, PF1 a,b,c) 
         With Kapton            40 MPa (CS) 
         Estimated Strength at Copper Bond   65 MPa/2 =32.5 MPa (All Coils) 

 
From Criteria Document: 

 
I-5.2.1.3  Shear Stress Allowable 
The shear-stress allowable, Ss, for an insulating material is most strongly a function of the particular 
material and processing method chosen, the loading conditions, the temperature, and the radiation 
exposure level.  The shear strength of insulating materials depends strongly on the applied compressive 
stress.  Therefore, the following conditions must be met for either static or fatigue conditions: 
 Ss = [2/3 to ]+ [c2 x Sc(n)] 
 
2/3 of 32.5 MPa = 21.7 MPa 
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8.0 Results 
8.1 Upper Flex Plate/Diaphragm (Replaces the Gear Tooth Connection) 
 
 
Hot Central Column, Cold Vessel

 

5/8” Flex/Diaphram, 150 
MPa 
Note Non-Uniform Stress 
when TF Expands 

Central Column Expands 9mm 
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• Vessel at 150C during Bake-Out RT Central Column 
• Vessel Expands +8mm  

 
Flex/Diaphram Stress is 135 MPa 
 
Note Uniform Stress at Edge 
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8.2 TF Joint “Loop” Vertical Field 
 
The local model of the flex joint 
developed by Tom Willard  [6] employs 
an approximation to the poloidal field. 
This postprocess of the load files used in 
the global model shows that the max 
poloidal or vertical field provided by R. 
Hatcher, corresponds to an extreme case. 
Normal operating currents produce 
fields closer to .1T. The flex needs to be 
designed foer a worst case, but fatigue 
evaluations should be based on the much 
more likely .1T vertical field. 

 

Vertical Field at TF Upper Joint Loop

-5.00E-02

0.00E+00

5.00E-02

1.00E-01

1.50E-01

2.00E-01

2.50E-01

3.00E-01

3.50E-01

4.00E-01

0.00E+00 1.00E+01 2.00E+01 3.00E+01 4.00E+01 5.00E+01 6.00E+01 7.00E+01 8.00E+01 9.00E+01

PF Current Load Step

Fi
el

d 
in

 T
es

l

Ron Hatcher Gave us the Worst 
Vertical Field , .3T,  to Design 
the Strap to. 
 

Normal Operation Currents Produce <.1T 
This is the Loading used in Fatigue Calculations
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8.3 TF Outer Leg Bending 
 
Han Zhang has addressed the need for outer leg reinforcement in her calculation number NSTX CALC 
132-04-00. This includes an evolutions in design concepts intended to support the outer TF legs for in-
plane as well as out of plane loads. An early truss concept was eliminated from the running because of 

interference problems with many diagnostics and waveguides installed in the bays. The tangential radius 
rud restraint concept is the present design. The truss was  modeled in the global model, and shown in 
Figure 4.0-1. Only the tangential radius rod results are reported in this calculation. 

 
Figure 8.3-1 TF Outer Leg Bend Stress 
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The Global model contains an error that over-estimates the TF  by leg bending stress by the ratio of section 
modulus or 237 MPa*(4.5/6)^3 = 100 MPa which is closer to the stress  reported by Han [4]  

 
Fifure 8.3-2 Figure Global Model TF Outer Leg Bending Stress 

 
Figure 8.3-3The Toroidal Width of the TF 
Outer Leg Should Be 6 inches. Stresses 
would scale as the section modulus or by 
d^3 

 
Figure 8.3-4 TF Outer Leg Bend Stress from [4]  

Corresponds to Han’s Outer Leg with 
“Worst Case”  Currents Provided by C. 
Neumeyer 
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8.4 TF Outer Leg Bond Shear 
 

 
 

• From Dick Reed Reports/Conversations [5]: 
 

• Shear strength, short-beam-shear, interlaminar 
•        Without Kapton                65 MPa    (TF, PF1 a,b,c) 
•          With Kapton            40 MPa (CS) 
•          Estimated Strength at Copper Bond   65 MPa/2 =32.5 MPa (All Coils) 

 
• From Criteria Document: 

 
• I-5.2.1.3  Shear Stress Allowable 
• The shear-stress allowable, Ss, for an insulating material is most strongly a 

function of the particular material and processing method chosen, the loading 
conditions, the temperature, and the radiation exposure level.  The shear strength 
of insulating materials depends strongly on the applied compressive stress.  
Therefore, the following conditions must be met for either static or fatigue 
conditions: 

•  Ss = [2/3 to ]+ [c2 x Sc(n)] 

 
Figure 8.4-1 TF Bending Related Bond Shear Stress 
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•  
2/3 of 32.5 MPa = 21.7 MPa
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8.5 Toroidal Displacements at TF Flex Joint 
 

 
Toroidal Displacements at the Flex Joint 
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8.6 Center Stack – TF Inner Leg Torsional Shear  
 
Additional Discussions of torsional shear may be found in Bob Woolley’s calculation  NSTX-CALC-132-
003-00 which provides moment calculations which are useful to find the maximums in thte NSTX Design 
Point  spreadsheet. Bob’s  summation of  the outer leg moment is directly useful in evaluations  of the up-
down asymmetric case that  Han is running in the diamond truss/tangential -  radius rod calculations.  
 
 

 
Figure 8.6-1 TF Inner Leg Torsional Shear 
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Figure 8.6-2 TF Inner Leg Torsional Shear 
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Figure 8.6-3 TF Inner Leg Torsional Shear  
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8.7 Outer PF Support Structure 
 

 
Figure 8.7-1 From an early run, the stresses at the PF4/5 
support attachments to the vessel were excessive 

 
Figure 8.7-2 6 Column Support 
(Danny proposes 12) 
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8.8 Main Support Column to Vessel Connection 

 
 
The main beam gusset plates are 

1.5 inches thick . Visually scaling the 
welds, they are about 2 inches long and 
maybe 3/8 fillets.  

Joe indicate that the weld seem to about 3/8”, 
definitely less than ½ “ and more than ¼ “. 
He will measure to confirm. 
I will ask Jim about the drawings instructions. 

 
 
There are 3 on each outside edge 

and 3 inside- maybe more on the 
underside 

 
Figure 8.8-1 Bay  B-C 

 
Figure 8.8-2 

 
Figure 8.8-4 

 
Figure 8.8-5 
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Figure 8.8-7 Stresses in the vessel at the I-Beam Connection (Fully Bonded) 

 
Figure 8.8-6 Stresses in the vessel at the I-Beam Connection (Fully Bonded) 
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Where the outer PF’s are supported on a separate frame, the only PF loads on the vessel result from PF1c 
and PF2 upper and lower. Summing these loads provides one major component of the loads that are 
supported by the vessel support column. 

 
Figure 8.8-8 Net Loads from the PF’s that must be Reacted by the I-eam Connection Welds 

 
PF Coil Real Constants 
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8.9 Centerstack Torsional Displacement at OH Bellevilles 
 

 
Figure 8.9-1 Relative Torsional Displacements that must be allowed by the OH Belleville 
Precompression devices 
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8.10 Net Load on Centerstack 

 
Figure 8.10-1 Net Loads on the Centerstack Assembly – See also the Monte Carlo Calculation, [10] 

 
PF Coil Real Constants 
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8.11 Vessel Shell Stresses 
 
Vessel and umbrella structure stresses are considered in more detail in Han’s outer leg calculation [4]. Note 
she used the vessel segment model from the global model in her analyses.

Figure 8.11-1 Vessel Stresses for Normal and “Worst” Loading 

 
Figure 8.11-2 Umbrella Structure Stress 
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8.12 Center Stack Casing Thermal Stress 
 
 

• 500C During  Plasma Operation  Ref: Art Brooks Original Calculation 
 

• Yield of 625 at 600C is 410 MPa 
 

• From Len’s Presentation: 
 

• For good fatigue resistance the peak stresses in the Incoloy structure should be kept below ~380 
MPa. 

 
 
540MPa for 500C Plasma Operation and 400MPa for 350C Bake-Out 

 
Figure 8.12-1 
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8.13 Bake-Out  
 
These results were presented and the 350 C bake out 
temperature was questioned. It is actually 150C for the vessel 
and 350C for the passive plates. This analysis showed the 
action of the tangential radius rods allowing the growth of the 
vessel without disconnection of the support links.  
 
 

 
Figure 8.13-1 350C Bake-Out Temp 

 
Figure 8.13-2 Outer PF Support “Cage” is Not Connected to the Vessel During Normal Operation or Bake-Out 
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