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NSTXNSTX Supported by   

Update Ring Bolted Joint

Design and Recommend the Joint Geometry using
bolts with necessary pre loads to keep the contact
surfaces from sliding using the NSTX Global model
extracted loads. 

This is done via Nastran FEA and hand calculations.Ti=Fp(KD)‐ torque
K is the “nut factor”

Explanation: Bolt preloads apply a compressive force “Fn”
between the contact surfaces which must have
a reasonable coefficient of friction in order to

and dimensionless

Fp=UTS x As – tension P.L.
create a sufficient shear force “Fs” to resist the
tensile force created by the applied loads.

Selection of the Friction coefficient value “Mu” critical.

As=.785(D‐(.9743/n))^2

n = # of threads per inch

P. R.
3/9/2011

Selection of the Friction coefficient value Mu  critical.  

316 cold finished: Yield strength =100. ksi, Tensile (uts)= 125. ksi, Shear = 25. ksi

n = # of threads per inch.



Node 489653

Beam model

Data Received from the Global ANSYS model 3/19/2011
Node: 489653

5” OD and 0.25” thickR=2.270865071 m

3”x 3.5” solid

Theta: ‐80.21420397°

3 3.5 so d

R=2.23782413 m
Theta:‐90 d

Beam length: 0.7719360960 m
Theta: 90 dsys,50

L=30.4 inches

R=2.270865071 m
Theta: 99 78579603°

Node: 489637

Theta:‐99.78579603



Displacement (m)
V Mi t (P )

Scenario 49

Stresses from the global modelVon Mises stress (Pa)g

Node: 489653
Node: 489637

Node: 489653
Node: 489637

Pa
Node: 489637 Node: 489637

THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN COORDINATE 
SYSTEM  50         
unit: m

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN COORDINATE SYSTEM   50
Unit: N                  
NODE      FX               FY               FZ    

NODE        UX                     UY                       UZ                 USUM  
489637  0.29608E‐03   0.68516E‐03   ‐0.64286E‐03   0.98507E‐03
489653  0.18566E‐03   0.74549E‐03   ‐0.34586E‐03   0.84252E‐03

THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN COORDINATE

489637  ‐3440.5     ‐64444.     ‐8651.6    
489653   3440.5      64444.      8651.6 

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN COORDINATE SYSTEM   50THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN COORDINATE 
SYSTEM  50         
unit: m
NODE      ROTX                   ROTY                 ROTZ               RSUM  
489637 ‐0.54201E‐03   ‐0.17193E‐02   0.37961E‐03   0.18423E‐02
489653  0.21024E‐03   ‐0.19470E‐02   0.31508E‐03   0.19835E‐02

, ,
Unit: N‐m                  
NODE      MX          MY          MZ    
489637  ‐4080.7      171.36      1405.3    
489653  ‐2597.8     ‐171.36      1250.5 

Data from the ANSYS Global model 3/19/2011



Conversion of the ANSYS Global data into Pounds and Inches

Note: Data in the green fields used in the Nastran Loads. Other combinations can be used if desired



Typical Bolt load distribution

For demonstration purposes
only



Bolt Pre Load = 44,000. lbs

Total Distance between nodes #47432 and #47431 = 30.4 inches

Calculations based on standard equations, See above

See next slide

Problem:  1.0 in. dia. Bolt ,  As= .663 in^2, Yield = 100.ksi, Based on 2/3 yield = 66.7 ksi. 

Fp = 66.7ksi x .663in^2 = 44.22 Kips per bolt, If mu = .3, Fs = 44.22 Kips X .3 = 13,266 lbs/bolt

See next slide

p p p p
Typical “nut factor”     see the torque equation

For two bolts Fs= 26532. lbs   And required torque = 44,220 lbs. x .2 x 1.0 in.= 8,844 lb‐in



Additional Explanations and Justifications

Based on the NSTX Structural Design Criteria document “NSTX-CRIT-0001-01”
Section #2.4.1.4.3, Bolt Preload shell not exceed  0.75Sy.
For the above calculations, 2/3Sy was used which is considered conservative, and, it
demonstrates that a significant margin exists in case loads need to be increased.

Coefficient of friction “mu = .3” was used for the above calculations assuming standard
material finish for steel products. This seems to be reasonable. Appendix A page #3
presents test data for certain plates (finish unknown) in the range up to m=.26 and 
only for four tests. Based on the present Global model loads even this value would
produce conservative results.

As = .663 in^2 was used. This is based un the “Designer Handbook Stainless Steel
Fasteners” page#9, Table 5, 1.0 inch bolt Fine Thread (12 threads per inch).
“n” in the As equation represents number of threads per inch.

“K” -nut factor- value is the average recommended by manufacturers. 
see: Taylor & Francis Group.LLC publication, Section 7.4. 



Model Solution Sequence and Statistics



L d A i l Di lLoads: Axial Displacements 
Only , See SPCDs 



Loads: Axial Displacements
Only. See SPCDs



Loads with SPCDs and Moments
Total Load



Loads with SPCDs and Moments
Total Loads



L d i h SPCD d MLoads with SPCDs and Moments
Total Loads



APPENDIX  A Page #1

Ref.: From NCSX “Friction Coating Peer Review”, and “FrictionPeer(3).ppt”
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Ref : From NCSX “Friction Coating Peer Review” and “FrictionPeer(3) ppt”Ref.: From NCSX “Friction Coating Peer Review”, and “FrictionPeer(3).ppt”
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Ref.: From NCSX “Friction Coating Peer Review”, and “FrictionPeer(3).ppt”


