
PPPL Calculation Form  
 

Calculation #  NSTXU-CALC-12-13-00 Revision # 0 ___ WP #, if any 2320 
 (ENG-032) 

 
Purpose of Calculation: (Define why the calculation is being performed.) 
 

Structural Qualification of E-DC11130, NSTX-U Casing Trial Asm Tool Fixture 
 
Codes and versions: (List all codes, if any, used) 
 

NSTX-U Structural Design Criteria, NSTX-CRIT-0001-02, Jan 2016 
 
References (List any source of design information including computer program titles and revision levels.) 
 

See attached 
 
Assumptions (Identify all assumptions made as part of this calculation.) 

 
See attached 

 
Calculation (Calculation is either documented here or attached) 
 

See attached 
 
Conclusion (Specify whether or not the purpose of the calculation was accomplished.) 
 

The Casing Trial Asm Tool Fixture is qualified for: 
16000 lbf of vertical load, which includes the clamping force of the locking studs 
1000 lbf of side load, applied at the center of mass of the Casing 

 
If the Casing is left installed on the Casing Jack overnight, some fixation must be present at both 
the top and bottom of the CS Casing, which directly reacts any sideloads, rather than transmitting 
them as bending moments through the Casing Jack itself.  This fixation must increase the lateral 
stiffness of the {Casing + Tooling} by a factor of order 20x. 
 

 
Cognizant Individual (or designee) printed name, signature, and date             

 
___________________________________________________________________________ 

 
Preparer’s printed name, signature and date  
 
              ___________________________________________________________________________ 
 
I have reviewed this calculation and, to my professional satisfaction, it is properly performed and correct. 
 
Checker’s printed name, signature, and date 
 

___________________________________________________________________________ 
 



M Mardenfeld  NSTXU‐CALC‐12‐13‐00   Rev 0  1 of 36 

NSTXU‐CALC‐12‐13‐00  Rev 0 
 
Michael Mardenfeld 
1 May 2018 
Structural Qualification of E‐DC11130, NSTX‐U Casing Trial Asm Tool Fixture 
 

Introduction 
The NSTX‐U Recovery project has planned a trial assembly, wherein the NSTX‐U Centerstack Casing (“Casing”) 

shall be installed on the NSTX‐U TF/OH Bundle (“Bundle”).  This trial assembly requires a particular geometric 
orientation between the Casing and the Bundle.  A special purpose Tooling Fixture (“Fixture” or “Casing Jack”) has been 
designed to support the structural load of the casing, allow fine adjustment of its positioning, and practically interface 
with lifting and metrology equipment.  The purpose of this calculation is to structurally qualify this fixture. 

Note that the trial assembly will occur in the South Highbay, away from NSTX‐U proper.  The Bundle will be 
supported by the Swing Fixture.  The Centerstack Lower Support Weldments (“Skirt”), which normally supports the 
weight of the Casing, as well as the Inner PF Coils will not be installed during the Trial Assembly operation.  The Fixture 
physically takes the place of these components and acts as a structural surrogate during the Trial Assembly. 
 
 

Conclusion 
The use of the Casing Jack is qualified to simultaneously react: 16000 lbf of vertical load, plus 1000 lbf of side load 
applied at the center of mass of the Casing. 
 
The vertical load is an expected normal operating load: based on a slightly conservative assumption of 4000 lbf of gravity 
load, with 12000 lbf of clamping force from “locking studs” securing the Casing to the TF Bundle. 
 
The 1000 lbf of side load is an assumed off normal event from, for instance, a seismic event.  See attachment 1 for a 
discussion of Seismic Design Forces. 
 
In the author’s opinion these loads are acceptable, but marginal in four respects under superimposed vertical and side 
loads: 

 The peak bending moment in the stud 

 Buckling of the jacking leg 

 Reaction of the side force, which is partially through friction across a Teflon slip plane 

 Potential resonance of the {Casing + Tooling Fixture} with earthquake frequencies (See attachment 1) 

Because the incremental cost is low, the risk reduction is high, and the assumptions in the calculation are difficult to 
verify, the recommendation is that a secondary fixation method be applied to secure the top of the CS Casing to either 
the Swing Fixture directly, or to the TF Bundle (which is secured to the swing fixture).  This will significantly reduce the 
reacted bending moments at the base of the Casing Jack. 

A similar fixation should be present at the bottom of the Casing, laterally connecting it to either the Swing Fixture or the 
TF/OH Bundle.  The “Pusher Adjustment Mechanism” is sufficient to serve this purpose, but another technique could be 
acceptable as well. 

This should be done any time the Casing is left on top of the Casing Jack for extended periods of time, e.g., overnight. 
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Requirements 

 Loads the fixture must react: 
o Vertical dead weight of the (CS‐Casing + PFCs), conservatively assumed to be 4000 lbm 
o Side load representing a seismic event, applied at the center of mass of the Casing, assumed to be 1000 

lbf 
o Vertical Clamping Force from “Safety Studs”, E‐DC11128‐09, assumed to be 2000 lbf per 3/8” 

stud, or 12000 lbf total  

 Major Steps to qualification 
o Qualify the Casing Jack Main Assembly 

 Superimposed vertical loads and sideloads 
 Plate Stresses 
 Weld Stresses 
 Buckling of Legs 

o Qualify the Base Plate (E‐DC11128‐10) 
 Bending due to reaction from legs of Casing Jack Main Assembly 
 Bolt Reaction Forces 

o Qualify the Casing Support Plate (E‐DC11128‐6) 
 Bending Stresses 

o Qualify the Safety Studs 
 Reaction force of the floating locking plate 

o Discussion of Seismic Design Loads and Frequency Response (Attachment 1) 

Assumptions 

 Configuration 
o The assembly occurs in the South Highbay, away from NSTX‐U proper 
o The TF/OH Bundle is standing vertically, supported by the Swing Fixture E‐DC1740 
o The CS Casing weight includes the weight of all of the CS‐PFCs, but not PF coils 
o The Swing Fixture has been previously qualified to support the TF/OH Bundle with and without the 

Casing installed 

 
References, Drawings 
E‐DC11128    NSTX‐U Casing Trial Asm Tool        Fixture being qualified 
E‐DC1443    Center Case Weldment and Final Machining    “Centerstack Casing”’ 
E‐DC1740    Horizontal to Vertical Swing Fixture      TF/OH Support Tool 
E‐DC1454    Centerstack Lower Support Weldments      “Skirt” 
 

References, Other 
Machine Design Data Handbook   K Lingaiah  ISBN 0‐07‐037933‐5 

NSTXU‐CALC‐12‐14‐00      M Mardenfeld  Justification of Seismic Design Loads for E‐DC11130, 

              NSTX‐U Casing Trial Asm Tool Fixture 

NSTX‐CRIT‐0001‐02      I Zatz    NSTX‐U Structural Design Criteria, Jan 2016 
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Basic Design Features of the Casing Jack 

  The primary purpose of the Casing Jack is to structurally support the Casing, while allowing it to be moved about 

the TF/OH to a desired alignment in space.  This is achieved by 3x jacking legs, which have length adjustment 

mechanisms to control the angular tilt and height of the Casing Jack.  Following is a brief description of the assembly, 

component by component, starting from the bottom and working upwards. 

The Base Plate is the bottom of the tooling fixture, and it sits upon the metal flange of the “permanently 

installed” OH Bottom Support Weldment.  This plate, made of aluminum 6061 T6, serves as the platen to support the 

tooling fixture.  It bears the entire load of the fixture and casing, and is bolted to the TF/OH Bundle through the existing 

holes which are intended for the Lower Support Weldment (the “skirt”) during actual machine assembly.  This plate is 

needed to spread the load of the jacking legs, which are radially outboard of the OD of the OH Bottom Support 

Weldment.  It also serves as a load reaction or vertical fixation point for the “Floating Locking Plate”. 

The “Floating Locking Plate is simply a washer plate – it is a fixation point for quantity 6x 3/8‐16 studs, which can 

be used to tie the Casing directly to the TF/OH Bundle via holes on the underside of the Casing Flange.  This is a safety 

feature intended for more secure fixation of the Casing during periods where it may be left assembled on the Tooling 

Fixture.  This is desirable because as described below, there are horizontal slip planes between the Casing and the 

Tooling Fixture, and the Tooling Fixture and the TF/OH Bundle.  These safety studs allow a positive clamping force to lock 

the slip planes in place in addition to the gravity loads.  The “Floating Locking Plate” is designed in such a way that it can 

react vertical loads by bearing upwards against the Base plate, while allowing easy fit up because it can move, or float, in 

a horizontal plane before the studs are tightened. 

On top of the base plate rest the Casing Jack Legs.  Note that they are not secured to the Base Plate except by 

friction and vertical loads.  There are fabricated from mild steel studs, tubes, and nuts.  These are essentially large studs 

with adjustable length.  The mechanism for length adjustment is a differential screw.  In other words, there is a “shuttle 

tube” in the center of the leg, with nuts welded on each end, and a threaded rod which screws into the nuts.  Each end 

of the shuttle tube has a different thread pitch, which affects a different linear travel on the upper and lower studs for a 

rotation of the shuttle tube.  This allows a simple mechanism for fine adjustment with large, structurally sized studs.  At 

the bottom of each leg is a commercial swivel leveling mount with an integral spherical joint.  These commercial mounts 

are load rated to 40,000 lbs each, and do not need to be qualified. 

The Casing Jack Legs thread into nuts which are welded onto the bottom of the Casing Jack Welded Frame.  This 

frame transfers the loads from the Bottom of the Casing Support Plate to the Jacking Legs.  It is also a rigid moment 

frame in the regions of highest loads and bending moments.  On top of the Casing Support Plate will lay a sheet of Teflon 

to allow in‐plane sliding of the CS Casing.  The Casing Jack Welded Frame is fabricated from mild steel plates and tubes 

welded together. 

On top of the Teflon slip plane will sit the Casing Support Plate.  This plate will be pre‐bolted to the CS Casing 

before it is hoisted into place.  It will be fabricated out of aluminum.  It serves several purposes: to serve as the wearing 

surface at any sliding interface (rather than the CS Casing Flange itself), to fill the space which will be occupied by the 

PF1A/B during the real assembly but not during the trial fit, and also to increase the bearing area of the CS Casing on top 

of the Casing Jack.  Note that the Casing Support Plate fit up is designed so that the load transfer path to the Casing 

mimics the actual machine assembly – the load is transferred across the step that the PF1B nests into. 

Finally, there is a second tooling plate (“NSTX‐U Casing Trial Asm Tool Fixture, Pusher”), which is shown in Figure 

1.  This plate mounts in a vertical orientation, and provides and adjustment capability for the in plane motion of the CS 

Casing via an adjustable 6 bar linkage mechanism.  This is necessary because the Casing Jack can only adjust 3 degrees of 

freedom: two angles and a vertical height.  ,Because it is not load bearing, the pusher mechanism does not need to be 

qualified by this calculation.  However, it can and should be used as an additional fixation point to directly connect the 

Casing to the Swing Fixture.   
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Qualification of the Base Plate (E‐DC11128‐10) 

Assumptions 

 Aluminum material properties 

 Note 0.75 in thick plate 

 Half symmetry model 

 Compression only support on the part of the plate which is supported by the OH Bottom Support Weldment (E‐

DC1482) 

 Bolts are not explicitly modelled, but rather two bounding end conditions are used: 

o Case 1:  QTY 4x 5/8 bolt holes have applied a constant force of 1500 lbf each on the lateral faces of the 

bolt hole slots.  This is a low preload of about 6.5 KSI. 

o Case 2:  QTY 4x 5/8 bolt holes have displacement in the vertical direction clamped to zero on the lateral 

faces of the bolt holes  

Loads 

 The worst case vertical force from any Jacking Leg (approximately 9100 lbf) is applied to the plate on the area 

the reaction would occur 

 For Case 1, the bolt holes have a constant force applied 
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NSTXU-CALC-12-13-00  Rev 0 
Attachment 1 
 
Michael Mardenfeld 
2 May 2018 
Structural Qualification of E-DC11130, NSTX-U Casing Trial Asm Tool Fixture 
 

Comments on Seismic Design Loads 
 
This calculation, NSTXU-CALC-12-13-00, assumes an “off normal” horizontal load of 1000 lbf, applied at the center of 
mass of the CS Casing.  This is a conservative assumption intended to envelope unusual loads - particularly seismic 
loading from earthquakes.  This commentary justifies that assumption while a site wide standard for earthquake loading 
is being finalized. 
 
NSTX-U-CALC-12-14-00, Justification of Seismic Design Loads for E-DC11130: NSTX-U Casing Trial Asm Tool Fixture, traces 
the PPPL site obligations related to earthquakes from DOE-STD-1020-2016: Natural Phenomena Hazards Analysis and 
Design Criteria for DOE Facilities.  For the components in question, the requirement is to follow ASCE-7: “Minimum 
Design Loads and Associated Criteria for Buildings and Other Structures”.  Application of ASCE-7 results in the following 
requirements: 
 
Seismic Design Loads:Earthquake Loads1 

• “Earthquake Loads” 
o Equivalent static loads applied at the center of mass of components 

 285 lbf lateral (horizontal side load) 
 113 lbf vertical load, applied in the worst direction 

• Load Combinations which must be sustained 
o 100% of Dead Load + 70% of Earthquake Load 
o 60% of Dead Load + 70% of Earthquake Load 

• Dynamic Effects 
o “Consideration shall be given to the dynamic effects of the components, their contents, and where 

appropriate, their supports and attachments…” 
 

 
Note that the finite element analysis assumes {100% of Dead Load + 100% Stud Clamping Force + 350% Earthquake 
Load}, and finds that the failure mode of the system with the least margin is bending stress and/or buckling of the most 
highly loaded Jacking Leg in a worst case load direction.  This is clearly conservative from the point of view of strength, 
and fulfills the first load combination case. 

The second load combination case requires that upending does not occur, even with credit taken for only 60% of the 
Dead Load resisting an overturning moment.  Although the clamping force from the studs would prevent overturning 
regardless, on the following page it is shown that overturning would just barely be prevented even without 
consideration of the studs or secondary lateral supports.  Therefore a specified clamping force and torque control of the 
studs is not required, as any resistance from the studs is sufficient to prevent overturning.  Despite this, studs shall be 
installed whenever the Casing is not being actively moved. 

Note that since the total vertical applied load in the detailed FEA was 16,000 lbf, the superposition of +/- 113 lbf vertical 
load is a variation of less than 1%.  It is negligible and can be ignored without any change in conclusions.  

1 Although the main body if the calculation conservatively assumes 4000 lbf weight, the actual weight is closer to 3000 lbf because 
the PF1B Coils are not presently installed. 
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Figure 2: Excerpt from NSTXU-CALC-12-13-00 Showing Fundamental Frequency of {Casing+Tooling} 

 

Figure 3: Computation showing 20x Stiffness Increase eliminates resonance risk by reducing amplification factor to 1.05x 
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Figure 4: Reference for Dynamic Magnification Factor 
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