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POLOIDAL  FOUNDATION  

COMPLEX – BENDING / SHEAR

Note: Vy : references Vz in loads

Note: My : references Mz in loads

Temperature 100C 200C 100C 200C

Minimum Ultimate Tensile Strength, Su 359 323 458 425

Minimum Yield Strength, Sy 253 235 172 144

Design Stress Intensity Limit, Sm 120 108 147 130

108 97 137 128

Stress Limits (SDC -IC), MPa

CuCrZr-IG 316L(N)-IG

Stress Endurance Limit, Se (=30% Su)

Temperature 100C 200C 100C 200C

Minimum Ultimate Tensile Strength, Su 359 323 458 425

Minimum Yield Strength, Sy 253 235 172 144

Design Stress Intensity Limit, Sm 120 108 147 130

108 97 137 128

Stress Limits (SDC -IC), MPa

CuCrZr-IG 316L(N)-IG

Stress Endurance Limit, Se (=30% Su)

Design Stress Limits

The hand calculations Show the Rail Stress is Acceptable

Directly at the foundation interface
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Foundation/ Bolt Pad Analysis
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POLOIDAL  LOADS  ON  TOP OF  COMB 

CORNER  LOADS  ON TOP OF COMB 
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Poloidal Bolt / Foundation 

Boundary Conditions 
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OUTSIDE  INSIDE  

BOLT1  

BOLT3  

BOLT4  

* Preload  is 182,000 N = 40,915 Lbf  
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Normal Bolt Stress
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Thermal + Lorentz  

Toward Plasma

Thermal + Lorentz 

Away From Plasma

210,000 N = 47,209 Lbf

172,000 N = 38,667 Lbf

The Load on Bolts 2 and 3  has excessive variation (8,542 Lbf) and will require a higher 

preload or more bolts –The clamping force is not sufficient

Preload = 182,000 N = 40,915 Lbf
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Poloidal Foundation

Parametric Study
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OBJECTIVES:

1.) Use Load Step #3 (Lorentz Loads Toward Plasma) + Bolt Preloading

2.) Adjust the foundation width parameters and determine the impact on:

 a.) The bolt working loads

 b.) The foundation interface stress

 c.)  The rail & Attachment Stresses

3.) Make a recommendation based on these trends to assure an adequate design   
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Bolt #1  Working Load  -  Response Envelope

Function of Rail  Width  Changes 
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Inside  > 8mm 

Outside = anything

Load =2.184 e5 N = 49,098 Lbf

Bolt Pre-Load 2.184 e5 N

Setting Outside Rail to anything if the inside rails greater than 8 mm

Results in all working bolt loads of about 49,098 Lbf (very low fatigue Load range)

Preload = 2.184e5 N = 49,098 Lbf
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Bolt #2  Working Load  -  Response Envelope

Function of Rail  Width  Changes 
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Inside > 10 mm

Outside > 58 mm

Load =2.189 e5 N = 49,210 Lbf

Bolt Pre-Load 2.184 e5 N

Setting Inside Rail Greater than 10 mm and the Outside Rail 58 mm or greater

Results in all working bolt loads of about 49,210 Lbf (fatigue Load range of 112 Lbf) 

Preload = 2.184e5 N = 49,098 Lbf
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Bolt #3 Working Load  -  Response Envelope

Function of Rail  Width  Changes 
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If   Inside = 8 mm then

 Outside = 60

Load =2.196 e5 N = 49,368 Lbf

Setting Inside Rail Greater than 8 mm and the Outside Rail 60 mm or greater

Results in all working bolt loads of about 49,368 Lbf ( 270 lbf fatigue Load range) 

Bolt Pre-Load 2.185 e5 N

Preload = 2.184e5 N = 49,098 Lbf
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Bolt #4 Working Load  -  Response Envelope

Function of Rail  Width  Changes 
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Inside = 8 mm 

Outside = 60

Load =2.189 e5 N = 49,210 Lbf

Setting Inside Rail is 8 mm and the Outside Rail 60 mm or greater

Results in all working bolt loads of about 49,210 Lbf ( 112 lbs working fatigue load) 

Preload = 2.184e5 N = 49,098 Lbf
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Inside Foundation Face - Stress Intensity
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Setting Inside Rail to 8 mm and the Outside Rail 60 mm

Results in a local minimum on the stress intensity of 101 Mpa which meets the criteria 

If   Inside = 8 mm then

Outside = 60 mm

Stress Intensity = 101 Mpa

Temperature 100C 200C 100C 200C

Minimum Ultimate Tensile Strength, Su 359 323 458 425

Minimum Yield Strength, Sy 253 235 172 144

Design Stress Intensity Limit, Sm 120 108 147 130

108 97 137 128

Stress Limits (SDC -IC), MPa

CuCrZr-IG 316L(N)-IG

Stress Endurance Limit, Se (=30% Su)

Temperature 100C 200C 100C 200C

Minimum Ultimate Tensile Strength, Su 359 323 458 425

Minimum Yield Strength, Sy 253 235 172 144

Design Stress Intensity Limit, Sm 120 108 147 130

108 97 137 128

Stress Limits (SDC -IC), MPa

CuCrZr-IG 316L(N)-IG

Stress Endurance Limit, Se (=30% Su)
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Outside Foundation Face - Stress Intensity
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Setting Inside Rail Greater to 8 mm and the Outside Rail 60 mm

Results in a local minimum on the stress intensity 77 Mpa which meets the criteria

If  Inside = 8 mm 

Outside = 60 mm

Stress Intensity = 77 Mpa

Temperature 100C 200C 100C 200C

Minimum Ultimate Tensile Strength, Su 359 323 458 425

Minimum Yield Strength, Sy 253 235 172 144

Design Stress Intensity Limit, Sm 120 108 147 130

108 97 137 128

Stress Limits (SDC -IC), MPa

CuCrZr-IG 316L(N)-IG

Stress Endurance Limit, Se (=30% Su)

Temperature 100C 200C 100C 200C

Minimum Ultimate Tensile Strength, Su 359 323 458 425

Minimum Yield Strength, Sy 253 235 172 144

Design Stress Intensity Limit, Sm 120 108 147 130

108 97 137 128

Stress Limits (SDC -IC), MPa

CuCrZr-IG 316L(N)-IG

Stress Endurance Limit, Se (=30% Su) Current Design Approximated  by this region 132 Mpa
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