PPPL Calculation Form - No: NSTXU-CALC-133-25 #

Calculation # NSTXU-CALC-133-25 Revision # 0 WP #, if any 2254
(ENG-032)

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

The purpose of this calculation is to document the development of interim insulation properties and winding
pack “Smeared” properties appropriate for stress analysis of both the coils the coil support structures.

Codes and versions: (List all codes, if any, used)
ANSYS 18.2
References (List any source of design information including computer program titles and revision levels.)

[1] NSTXU-RQMT-RD-012-00, Inner PF Coil Interfaces to Coil Support Designs and Cooling Systems, S.
Gerhardt, 2017.

[2] “Effective mechanical properties of EM Composite conductors: and analytical and finite element modeling
approach”, W. Sun, J. T. Tzeng, Composite Structures 58 (2002) 411-421.

[3] NSTXU-CALC-133-26-00, OH/PF and TF Insulation Mechanical Properties and Allowables, March 2018.

[4] MEMO-SEI-180223PHTO1, “OH Insulation Tests Applicability to Inner PF Qualification”, P. Titus, 2018.

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

The insulation properties are derived from a “first principals” treatment of the epoxy/glass/Kapton system, and
analytic derivations of the winding pack composite systems. These have been shown to be reasonably close to
NSTXU CTD 425 measured coil properties for the OH in service, OH qualification tests, PF-1alL and sections
of PF-1aU. Recent test results from small samples by CTD and tests on the PPPL “log” sample have not been
incorporated into the analysis models. While similar behaviors are evident in the calculated and measured
properties, it is assumed that the small differences in analysis properties and final measured properties will not
alter the conclusions of the coil and polar region analyses.

Calculation (Calculation is either documented here or attached)

Please see attached main body of this document. The calculations are based on reference [2] and implemented
in MATHCAD. The calculation set-up and results follow.

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

Specified properties in the attachment to the requirements document are adequate for initial analyses and will be
subject to verification by including all of the latest CTD data.
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NSTX-U Calculation Form

Purpose of Calculation:

The purpose of this calculation is to document the development of Interim insulation
properties and winding pack “Smeared” properties appropriate for stress analysis of
both the coils and

References:

[1] "Inner PF Coil Interfaces to Coil Support Designs and Cooling Systems" NSTXU
RQMT-RD-012-00, Stefan Gerhardt

[2] "Effective mechanical properties of EM Composite conductors: and analytical and
finite element modeling approach" W. Sun, J.T. Tzeng Composite Structures 58 (2002)
411-421

[3] OH/PF and TF Insulation Mechanical Properties and Allowables NSTXU-CALC-133-
26-00, March 2018

[4] “OH INSULATION TESTS APPLICABILITY TO INNER PF QUALIFICATION” MEMO
SEI-180223PHTO01

Assumptions:

The insulation properties are derived from a “first principals” treatment of the
epoxy/glass/Kapton system, and analytic derivations of the winding pack composite
systems. These have been shown to be reasonably close to NSTXU CTD 425
measured coil properties for the OH in service, OH qualification tests, PF1aL and
sections of PF1aU. Recent results from small samples by CTD and tests on the PPPL
‘log” test have not been incorporated into the analysis models, and while similar
behaviors are evident in the calculated and measured properties, it is assumed that the
small differences in analysis properties and final measured properties will not alter the
conclusions of the coil and polar region analyses

Calculation:
The calculations are based on reference [2] and implemented in MATHCAD. The
calculation set-up and results follow.

Conclusion:

Specified properties in the attachment to the requirements document are adequate for
initial analyses and will be subject to verification by including all of the latest CTD data.



From Reference [1]:

1 Appendix 1: Coil Mechanical Properties
b. Coil insulation composite mechanical properties used for deriving the coil pack
smeared mechanical properties for the coil support analysis are provided in Tables A1-2
through A1-3. Note that these parameters may evolve as additional test data becomes
available.

Table A1-2: Coil insulation composite coefficient of thermal expansion : X-conductor tangent; Y - thru
thickness; and Z — conductor axis (toroidal)

Quantity Units | Value

CTE in normal direction, ax c’ 25e-6

CTE in fill direction, ay c’ 10e-6
c’ 10e-6

CTE in wrap direction,az

Table A1-3: Colil insulation composite elastic modulus: X-conductor tangent; Y — thru thickness;
and Z-conductor axis (toroidal direction)

Quantity Units Value
Ex GPa 8.01
Ey GPa 4.49
Ez GPa 14.71
Gxy GPa 1.88
Gyz GPa 1.88
Gxz GPa 3.88
Vxy 0.31
Vyz 0.31
Vazx 0.42




c. Smeared coil mechanical properties to be used for support analysis are provided in
Tables A1-4 through A1-6. For implementing tables A1-4 through 6 refer to Figure A1-1
for the unit cell cylindrical coordinate system orientation. Note that these parameters
may evolve as additional test data becomes available.

Fig A1-1: Unit cell cylindrical coordinate system

Unit Cell Cylindrical Coordinate System [
Relative to the Global Coordinate System

- T—

Table Al-4: “Smeared” coil pack coefficient of thermal expansion

Quantity Units Value
CTE in radial direction, - 18.8e-06
max
CTE in radial direction, min o 18.8e-06
CTE in toroidal direction, o 17.8-06
max
CTE in toroidal direction, o 17.8-06




min

CTE in vertical direction, o 18.3-06
min
CTE in vertical direction, o3 18.3e-06

max

Table A1-5: “Smeared” coil pack modulus values

Value
Quantity Units
PF- PF- PF-
1A 1B 1C
Young’s modulus in | GPa 28.0 304 | 37.7
radial direction, ER
Young’s modulus in | GPa 90.2 84.9 [ 90.0
toroidal direction,
E©
Young’s modulus in | GPa 44.0 28.7 31.6
vertical direction, Ez
Shear modulus, GPa 8.3 7.0 8.4
GRZ
Shear modulus, GPa 104 10.7 13.3
GRO
Shear modulus, GPa 15.0 10.2 11.5
GZe

Table A1-6: Coil pack Poisson ratio values




Value
Quantity

PF-1A | PF-1B | PF-1C

_ _ .384 427 415
Poisson’s ratio, VRZ

Poisson’s ratio, Vrg | -341 .345 .345

Poisson’s ratio, Vzg | -347 344 342
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