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1 Executive Summary 
 

All components in the IBDV (tiles, T-bars, shear pins, and bolts) were evaluated 
under the operating conditions laid out in section 2 and found to be within their 
mechanical acceptance criteria as laid out in the “NSTX Structural Design Criteria.” 
The Belleville washers are designed for high load functions and are thus deemed 
acceptable. The margins of safety for other components of interest are summarized 
in Table 1 for each mechanical loading scenario considered. 
 

  
 Default tile 

[POCO TM] 
Langmuir and 

Mirnov Cutout Tile 
[POTO TM] 

Langmuir and 
Mirnov Cutout 

Tile [6510] 

Tile 
[POCO TM 

Acceptance criteria 
= 20.5 MPa in 

tension and 55 MPa 
in compression] 

 
[R6510 Acceptance 
criteria = 19 MPa in 
tension and 65 MPa 

in compression] 

15.3 MPa max 
[25.4% margin] 
-54.9 MPa min 
[0.2% margin] 

21.3 MPa max 
[Exceeds 
allowable] 
-53.5 MPa min 
[2.7% margin] 

16.3 MPa max  
[14.2% margin] 
-44.8 MPa min 
[31.1% margin] 

T-Bar 
[Peak allowable 

stress = 1,034 MPa] 

72.3 MPa 
intensity 
[93.0% margin] 

69.5 MPa intensity 
[93.3% margin] 

N/A 

Shear Pin 
[Peak allowable 

stress = 291 MPa] 

13.9 MPa 
intensity 
[95.2% margin] 

12.8 MPa intensity 
[95.6% margin] 

N/A 

Bolt 
[Peak allowable 

stress = 1,034 MPa] 

115.2 MPa 
intensity 
[88.9% margin] 

103.0 MPa 
intensity [90.0% 
margin] 

N/A 

Table 1: Tile Assembly Components Results and Margins 
 
The transient thermal analysis results are compared in Table 2.  All maximum 
temperature results fall within the allowable peak temperature of 1600 C.  
 

Temperature in C after first flux shot 
Default tile 925.99 
Langmuir and Mirnov Cutout 
Tile 919.14 

Table 2: IBDV Temperature Results 
 

2 Purpose 

The purpose of this report is to evaluate IBDF LHF tile assemblies to ensure each 
component can withstand total mechanical loads due to halo forces, eddy moments, 
and thermal stresses during maximum anticipated operating conditions. 
Thermocouple and gas injection tube tile variations are also assessed to confirm 
assembly acceptability. 



 

The anticipated thermal conditions are simulated in a transient thermal analysis via 
ANSYS [ANalysis SYStem] version 19.1 and then input into a static structural 
analysis to simulate the halo forces and eddy moments.  

 

3 Assumptions 

None. Any assumptions contained within hand calculation are explicitly stated in 
their respective sections.  

4 Inputs 
4.1 Material Assignments 

4.1.1 Casing – 718 
4.1.2 Shear Pin – 718 
4.1.3 Gaskets – GTA 
4.1.4 Tiles – POCO 
4.1.5 T-Bar – 718 
4.1.6 Bolts – 718 
4.1.7 Belleville Washers – 718 

 
4.2 Bolt Preload 

4.2.1  750 N per bolt = 168.6 lbf 
 

4.3 Friction Coefficients  
4.3.1 Between Belleville washer and Tee-bar = 0.3 
4.3.2 Between Tile and Gasket = 0.1  
4.3.3 Between Tile and Tee-bar = 0.1  
4.3.4 Between Tile and Sheer Pin = 0.1  
4.3.5  Between Case and Gasket = 0.1  

 
4.4 Thermal 

4.4.1 Initial Temperature 41C  
4.4.2 Surface Fluxes – see figure 2 
4.4.3 Radiation Emissivity = 0.7 (Systems Requirements Document) 
4.4.4 Ambient Temperature = 126C (Ref.7.1)  
4.4.5 Convection 
4.4.5.1 Film Coefficient = 288 W/(m^2*C) (Systems Requirements Document) 
4.4.5.2 Ambient Temperature = 22C (Systems Requirements Document) 

 



 

 
Figure 2: Thermal Fluxes on Surface 

 

 
Figure 3: General Thermal Model 

 



 

 
Figure 4: Chamfer Heat Flux 

 
 

4.5 Mechanical Inputs 
 

 
Figure 5: Tile forces and moments 

 



 

 
Figure 6: Preload Forces 

 

 

 
Figure 7: Body Moments 

 
 



 

5 ANSYS Results 
5.1 Thermal Results 

 
 

 
Figure 8: Default Tile Thermal Results at End of 5 Seconds Flux Shot 

 

 
Figure 9: Temperature Immediately Preceding Second Flux Shot 



 

 

 
Table 3: Temperature for Default Tile with Respect to Time 

 



 

 
 

 
Figure 10: Transient Thermal Results for Default Tile 

 

 
Figure 11: Variant Tile Thermal Results at End of 5 Seconds Flux Shot 

 



 

 
Figure 12: Variant Tile Temperature Immediately Preceding Second Flux Shot 

 



 

 

 
Table 4: Temperature for Variant Tile with Respect to Time 

 



 

 

 
Figure 13: Transient Thermal Results for Variant Tile 

 
5.2 Mechanical Results  



 

 

 
Figure 14: Default Tile Stresses 

 
 
 
 



 

 
Figure 15: Default Tile T-Bar 

 
Figure 16: Default Tile Bolt Stress 

 

 



 

Figure 17: Default Tile Shear Pin Stresses 
 

Figure 18: Default Tile Shear Pin Linearized Stress 
 



 

 

 
Table 5: Default Tile Shear Pin Linearized Stress 

 



 

 

 
Figure 19: Variant Tile Stresses 

 
 



 

 
Figure 20: Variant Tile T-Bar 

 

 
Figure 21: Variant Tile Bolt Stress 

 
 

  
Figure 22: Variant Tile Shear Pin Stresses 

 



 

 

 
Figure 23: Variant Tile Shear Pin Linearized Stress 



 

 

 
Table 6: Variant Tile Shear Pin Linearized Stress 

 
 



 

 

 
Figure 24: Variant Tile Stresses with 6510 

6 Conclusion 
The following results are summarized in section 1. 

 
6.1 Tiles 

The tile material is POCO TM.  POCO TM has a tensile strength of 41 MPa 
and compressive strength of 110 MPa. Per section 2.5.2.4 of Ref. 7.4, the 
allowable stress for carbon tiles is ½ of the ultimate tensile and compressive 
stresses.  Thus, the acceptance criterion for the tiles is 20.5 MPa in tension 
and 55 MPa in compression.  
 
The maximum stress from all the scenarios evaluated is 21.3 Mpa in tension 
and 54.9 Mpa in compression. The maximum tension criteria of 54.9 MPa 



 

falls within the acceptance criterion of 55 MPa with a margin of 0.2%.  The 
maximum compression value of 21.3 MPa exceeds the acceptance criterion 
of 20.5 MPa. 

 
The secondary tile material evaluated is Graphite 6510.  Graphite 6510 has 
a tensile strength of 38 MPa and compressive strength of 130 MPa. Per 
section 2.5.2.4 of Ref. 7.4, the allowable stress for carbon tiles is ½ of the 
ultimate tensile and compressive stresses.  Thus, the acceptance criterion 
for the 6510 tiles is 19 MPa in tension and 65 MPa in compression.  
 
The maximum stress the 6510 analysis evaluated is 16.3 Mpa in tension 
and 44.8 Mpa in compression. The maximum tension value of 16.3 falls 
within the acceptance criterion of 19 MPa with a margin of 14.2%. The 
maximum compression value of 44.8 MPA falls within the acceptance 
criterion of 65 MPa with a margin of  31.1%. 

 
6.2 T-Bar 

The T-Bar material is INCONEL Alloy 718.  INCONEL Alloy 718 has a yield 
stress of 1,034 Mpa.  The design tresca stress (Sm) value is 2/3 of the 
material yield stress (Guidance per section 2.4.1.1 of Ref. 7.4) which results 
in an Sm value of 689.3 MPa. The peak allowable stress for the bolts is 
calculated (per guidance of section 2.4.1.4.1 and 2.4.1.4.2 of Ref. 7.4) as 
follows: 1.5(K)(Sm)=1.5(1)(689.3 MPa)=1,034 MPa. The multiplier “K” is 
conservatively assigned a value of 1.0 to reflect normal operating conditions 
per section 2.4.1.5 of Ref. 7.4. 
 
The maximum T-bar stress from row 5 and 6 analysis from all the scenarios 
evaluated is 72.3 Mpa which is less than the peak allowable stress of 1,034 
MPa. Thus, the T-bars satisfy the stress acceptance criteria.  With an 93% 
margin. 

 
6.3 Shear Pin 

The shear pin material is INCONEL Alloy 718. The bending stress is 
calculated as follows: Mc/I= 73 MPa which is multiplied by Kt=1.8 to account 
for fillet stress concentration to allow peak stress value of 131 Mpa. 
However, the primary allowable is 291 with the new factor for the fillet.  The 
highest linearized stress concentration on the shear pin is 13.9 MPa. This 
maximum stress provides a 95.2% margin.  

 
6.4 Bolts 
6.4.1 Basic Stress Limits 

 
The bolt material is INCONEL Alloy 718. INCONEL Alloy 718 has a yield 
stress of 1,034 Mpa. Taking the design tresca stress (Sm)  as 2/3 of the 
material yield stress (Guidance per section 2.4.1.1 of Ref. 7.4) results in an 



 

Sm value of 689.3 MPa. The peak allowable stress for the bolts is calculated 
(per guidance of section 2.4.1.4.1 and 2.4.1.4.2 of Ref. 7.4) as follows: 
1.5(K)(Sm)=1.5(1)(390 MPa)=1,034 MPa. The multiplier “K” is conservatively 
assigned a value of 1.0 to reflect normal operating conditions per section 
2.4.1.5 of Ref. 7.4.  
 
The maximum bolt stress from all the scenarios evaluated is 115.2 Mpa 
which is less than the peak allowable stress of 1,034 MPa. Thus, the bolts 
satisfy the stress acceptance criteria with a 88.9% margin.   

 
6.4.2 Preload Stress Limits 

Per section 2.4.1.4.3 of Ref. 7.4, the bolt preload stress is not to exceed 
0.75 of the yield stress (Sy). Using the yield stress of 1,034 MPa results in a 
maximum preload stress acceptance criterion of 775.5 MPa. 
 
The bolt shank has a diameter of 5.766 mm (0.005766 m).  Thus, the shank 
cross sectional area is πr2=π*(0.005766 m)2=1.044E-4 m2. The bolt preload 
of 1500 N results in a bolt shank preload stress of (1500N/1.044E-4 m2)*10-6 
= 14.4 MPa.  The preload stress of = 14.4 MPa is less than the peak 
allowable preload stress. Thus, the bolts satisfy the preload stress 
acceptance criteria. 
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