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For the NSTX Upgrade Project a test stand to measure the required performance parameters on the new NSTX TF joint design will be 
designed and fabricated. Test parameter measurements and cyclic lifetime tests of the new TF joint will be performed and testing data will be 
compiled. The test stand will be modified for revised design configurations as needed and tests repeated with a final comprehensive test 
report generated that includes all test data.

   1- A detailed Control Account schedule showing all work packages and planning packages.

   2- Budgeted Cost by month.

   3- Original Work Authorization Form (WAF)

TF Joint Test Stand&Test

Magnet Systems

01 January 2010 through 25 April 2011

Authorized Budget: Kozub
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NSTX Upgrade Project
Subtotal 352 01JAN10A 01JAN10A 25APR11 25MAY11 -22 142 353,150.99 344,346.60 352,876.94

Job: 1303 - R&D for TF Joint -KOZUB
Subtotal 352 01JAN10A 01JAN10A 25APR11 25MAY11 -22 142 353,150.99 344,346.60 352,876.94

Material for CSU R&D Plan
1303-000A 1.2 Fatigue Test Verification - C18150 (TBD) 101* 01SEP10A 01SEP10A 19NOV10 31JAN11A -43 0.00 100 0.00 0.00

Single Flex Laminate CSU R&D Plan
1303-000B2 2.2 In-Place Bending Stiffness 100* 01SEP10A 01SEP10A 15DEC10 31JAN11A -27 0.00 100 0.00 0.00

1303-000B3 2.3 Cyclic, Simulated Combined Tests 100* 01SEP10A 01SEP10A 15DEC10 31JAN11A -27 0.00 100 0.00 0.00

Full Flex Assembly CSU R&D Plan
1303-000C1 3.1 Selection Braze vs Solder Between

Laminates
1 15SEP10A 15SEP10A 15SEP10A 15SEP10A 0 0.00 100 0.00 0.00

1303-000C2 3.2 Manufacture Joint w/Actual Hardware &
Copper

100* 01OCT10* 03JAN11A 01OCT10 20MAY11 -157 126 0.00 50 0.00 0.00

1303-000C3 3.3 Materials for Testing 112* 15OCT10* 15OCT10A 15NOV10 30MAR11A -89 0.00 100 0.00 0.00

1303-000C4 3.4 In-plane Bending Stiffnes (use Joint
Sample)

148* 15OCT10* 15OCT10A 15NOV10 20MAY11 -126 126 0.00 80 0.00 0.00

1303-000C5 3.5 Cyclic, Simulated Combine Test(Joint
Sample)

148* 01OCT10* 15OCT10A 15DEC10 20MAY11 -106 126 0.00 60 0.00 0.00

1303-000C6 3.6 Contact Pressure Distribtn/Therml Joint Tst 148* 15OCT10* 15OCT10A 15DEC10 20MAY11 -106 126 0.00 50 0.00 0.00

1303-000C7 Bellville Washer Test 63* 04JAN11A 31MAR11A 0 0.00 100 0.00 0.00

1303-000C8 T-Slot Tiles 43* 01FEB11A 30MAR11A 0 0.00 100 0.00 0.00

FSW Trials CSU R&D Plan
1303-000D1 4.2 Verify C18150 can be Joint C10700

Conductors
1 10SEP10A 10SEP10A 10SEP10A 10SEP10A 0 0.00 100 0.00 0.00

Joint Inserts CSU R&D Plan
1303-000E 5.1 Tap-Lok Insert Pullout Strength-Static/Fatig 114* 22NOV10* 13OCT10A 05JAN11 30MAR11A -60 0.00 100 0.00 0.00

Insulation Bond Test CSU R&D Plan
1303-000F X-6.1 Verif Shear Bond Strength

Copper/Epoxy/Ins
1 29OCT10* 31JAN11A 29OCT10 31JAN11A -58 0.00 100 0.00 0.00

Testing
1303-001 Test Engineering Design and Analysis 267* 01MAY10A 01MAY10A 25APR11 25MAY11 -22 142 53,197.52 91 48,231.94 53,002.13

1303-002 Materials Testing 267* 01MAY10A 01MAY10A 25APR11 25MAY11 -22 142 7,669.38 90 6,880.82 7,645.36

1303-003 Component Testing 267* 01MAY10A 01MAY10A 25APR11 25MAY11 -22 142 10,955.68 90 9,832.73 10,925.26

FY11 FY12 FY13 FY14 FY15 FY16
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em//st=80

ee//tb=40
em//st=80
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1303-004 Assembly Testing 182* 01SEP10A 01SEP10A 25APR11 25MAY11 -22 142 19,055.03 90 17,127.73 19,030.81

1303-005 Model Fabrication 245* 01MAY10A 01MAY10A 31AUG10A 31AUG10A 0 0.00 100 0.00 0.00

1303-011 Testing Design Support and M&S 160* 01OCT10* 01OCT10A 25APR11 30MAR11A 18 212,541.38 100 212,541.38 212,541.38

FY101303 FY10 Actual Cost 85 01JAN10A 01JAN10A 30APR10A 30APR10A 0 28,278.00 100 28,278.00 28,278.00

FY101303A FY10 Actual Cost 110 03MAY10A 03MAY10A 30SEP10A 30SEP10A 0 21,454.00 100 21,454.00 21,454.00

FY11 FY12 FY13 FY14 FY15 FY16

ee//tb=40
em//st=160

EM//EM = 578 hrs; EA//DM=160hrs; M&S = $80,000

81=19.454
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1303 TF Joint Test Stand & Test  (Kozub) START      28FEB2009  31MAR2009  30APR2009  31MAY2009  30JUN2009  31JUL2009  31AUG2009  30SEP2009  31OCT2009  30NOV2009  31DEC2009 
BCWS 0 0 0 0 0 0 0 0 0 0 0 0

CUM BCWS 0 0 0 0 0 0 0 0 0 0 0 0

BCWP 0 0 0 0 0 0 0 0 0 0 0 0

CUM BCWP 0 0 0 0 0 0 0 0 0 0 0 0

ACWP 0 0 0 0 0 0 0 0 0 0 0 0

CUM ACWP 0 0 0 0 0 0 0 0 0 0 0 0

CV 0 0 0 0 0 0 0 0 0 0 0 0

SV . . . . . . . . . . . .

CPI N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

SPI N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A



1303 TF Joint Test Stand & Test  (Kozub)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2010  28FEB2010  31MAR2010  30APR2010  31MAY2010  30JUN2010  31JUL2010  31AUG2010  30SEP2010  31OCT2010  30NOV2010  31DEC2010 
7 7 8 7 10 11 10 11 12 41 39 33

7 13 21 28 38 48 58 69 81 122 161 195

0 0 0 0 0 0 0 0 0 0 0 246

0 0 0 0 0 0 0 0 0 0 0 246

0 0 0 0 0 0 0 0 0 0 0 106

0 0 0 0 0 0 0 0 0 0 0 106

0 0 0 0 0 0 0 0 0 0 0 139

-7. -13. -21. -28. -38. -48. -58. -69. -81. -122. -161. 51.

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 2.31

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.26



1303 TF Joint Test Stand & Test  (Kozub)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2011  28FEB2011  31MAR2011  30APR2011  31MAY2011  30JUN2011  31JUL2011  31AUG2011  30SEP2011  31OCT2011  30NOV2011  31DEC2011 
41 39 45 33 0 0 0 0 0 0 0 0

236 275 320 353 353 353 353 353 353 353 353 353

5 0 94 0 0 0 0 0 0 0 0 0

250 250 344 344 344 344 344 344 344 344 344 344

5 9 8 18 0 0 0 0 0 0 0 0

111 120 128 146 146 146 146 146 146 146 146 146

139 130 216 198 198 198 198 198 198 198 198 198

15. -24. 24. -9. -9. -9. -9. -9. -9. -9. -9. -9.

2.25 2.08 2.69 2.36 2.36 2.36 2.36 2.36 2.36 2.36 2.36 2.36

1.06 0.91 1.08 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97



Annex I – WBS Dictionary  

 Annex I - 1 
NSTX-PLAN-PEP-DRAFT   November 25, 2009 

This Work Breakdown Structure (WBS) organizes and defines the scope of the NSTX 
Upgrade using the WBS as established by the original NSTX project and modified to 
accommodate the NSTX Upgrade. 
 
WBS  
L1 L2 L3  Description 
1    NSTX UPGRADE PROJECT 
  
 1.1   Torus Systems   
  1.1.0 Project Integrated Model 
  1.1.1 Plasma Facing Components 
  1.1.2 Vacuum Vessel and Support Structure 
  1.1.3 Magnet Systems 
   
 1.2   Plasma Heating and Current Drive Systems 
  1.2.1 High Harmonic Fast Wave (HHFW) 
  1.2.2 Coaxial Helicity Injection (CHI) Current Drive  
  1.2.3 Electron Cyclotron Heating (ECH) 
  1.2.4 Neutral Beam Injection (NBI) 
 
 1.3   Auxiliary Systems 
  1.3.1 Vacuum Pumping System 
  1.3.2 Coolant Systems 
  1.3.3 Bakeout Heating System 
  1.3.4 Gas Delivery System 
  1.3.5  Glow Discharge Cleaning System 
 
 1.4   Plasma Diagnostics 
  1.4.1 Plasma Diagnostics 
 
 1.5   Power Systems 
  1.5.1 AC Power Systems 
  1.5.2 AC/DC Converters 
  1.5.3 DC Systems 
  1.5.4 Control and Protection System 
  1.5.5 General Power Systems and Integration 
 
 1.6   Central Instrumentation and Controls (I&C) 
  1.6.1 Control System 
  1.6.2 Data Acquisition System 
 
 1.7   Project Support & Integration 
  1.7.1 Project Management and Integration 
  1.7.2 Project Physics 
  1.7.3 Integrated Systems Tests 
 
 1.8   Site Preparation and Assembly 
  1.8.1 Site Preparation 
  1.8.2 Torus Assembly and Construction 



Annex I – WBS Dictionary  

 Annex I - 5 
NSTX-PLAN-PEP-DRAFT   November 25, 2009 

WBS Element: 1.1.3.3    WBS Level: 4 
WBS Title: Center Stack Assembly (CSA) 

Definition: The CSA consists of the inner TF coil legs, the OH 
solenoid, the shaping coils, and the center stack casing. Also included in 
this WBS element are the TF coil joint (flex bus assembly) and the 
ceramic break assembly. The scope of this WBS element includes the 
design, analysis, prototypes (as required), procurement activities, 
fabrication and assembly of the Center Stack.   
 

WBS Element: 1.1.3.3.1    WBS Level: 5 
WBS Title: Center Stack - TF Inner Legs/Bundle 
Definition: The TF inner leg subsystem consists of the new coil sections that will 

make up the TF inner bore and bundle. Also included in the scope of this 
WBS element is the TF coil joint (flex bus assembly) and testing of the 
new TF coil joint design. 

 
  For the NSTX Upgrade Project a new TF Inner Leg will be fabricated. 

This WBS element includes the design of the TF Bundle, the TF flex bus 
and flex bus supports and includes all analytical and CAD design efforts 
for these components.  It also includes the early procurement of the TF 
conductor [80 lengths] and procurement of the TF flex bus and supports.  
It does not include the procurement/fabrication of the Inner TF bundle, 
which is included as part of the OH procurement in WBS 1.1.3.3.2. 
{Inner Toroidal Field Bundle (Job 1304)} 

 
.    For the NSTX Upgrade Project a test stand to measure the required 

performance parameters on the new NSTX TF joint design will be 
designed and fabricated. Test parameter measurements and cyclic lifetime 
tests of the new TF joint will be performed and testing data will be 
compiled. The test stand will be modified for revised design 
configurations as needed and tests repeated with a final comprehensive 
test report generated that includes all test data. 
{TF Joint Stand & Performance Test (Job 1303)} 

 
WBS Element: 1.1.3.3.2    WBS Level: 5 
WBS Title: Ohmic Heating Solenoid  
Definition: The ohmic heating solenoid subsystem consists of the new coils that will 

make up the center solenoid.  This WBS element includes the design, 
analysis, prototypes (as required), procurement activities and fabrication.   

 
For the NSTX Upgrade a new OH Solenoid will be fabricated. This WBS 
element includes the design & fabrication of a new OH solenoid and 
associated components including a belleville washer spring assembly and 
support structures for the NSTX upgrades.  It also includes all analytical 
& CAD design efforts. Includes advance procurement of the copper 
conductor and co-wound [glass/Kapton] insulation. Also includes the 
procurement of the Micro-therm insulation, conductive paint.  
Includes the procurement and engineering oversight for the combined OH 
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