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ifipreanated S-2 glass with co-wound
peIYimIde film) has orthotropic CTE (o)
Yalles which are much different than that
== ﬂr'fa e Cu conductor (from 300 to 80K):
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= — Olyorma. (INsulation) = 25 to 28* WK
 — 0 prane (INsulation) = 7 to 8 p/K
S alsotropic (CU COnd) — 14 H/K
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:-:__‘::._1 < . . . Layerln?ulation
= — 50 mil Jayer insulation |k
= Ground Wra
- — 120 mil Ground Wrap i
— Cu-Like Filler Blocks

Cu-Like Filler Block ! - -
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). the WP is Cooled to INR:
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Corners which push
Iayers apart.
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> Trig Cuilggsheogiige
sElmhIgh=or Normall Turn-
Wigisalisuiation.

T Fles St er turns dictate the
—relelle ;Contractlon of the WP.
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== s’puts the layer-to-layer

e

,.insulatlon into normal tension.

* Tfhe condition Is exacerbated
by effects at the corners.
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e Nermgl Stress-A{lté‘V?'Bléi" L
WIERAIISENCE OfF tENSIIE TSt data normal to the plane
SIRIIENGISS) the allowable strain is 0.02%."

WitReNBrmal elastic modulus of ~22 GPa, the
gliBWaPIErormal tensile stress is:

= 0.0( 02 X 22 GPa = 4.4 MPa.

E are s presently no other defendable basis for

=-app|y|ng this value. The actual limit will be a function

- oftsuchivariables as the glass weave, epoxy, surface
Fre and cure cycle. (Dick and Paul could extend this
'st.g Applicable test data would help.

2l \Design.Critesic 02
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Nenal Stress Contours in EIementsy

With stresses >4.4 MPa allowable

ANSYS 8.0
MAR 30 2004
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= Roenrzontal insulation.

* |n this case, ~60% of the
Insulation has Normal
stresses above 4.4 MPa.

L f"“"i

.223E+08
.259E+08
.295E+08
.330E+08
.366E+03

B000RECEN

detail2d15,WP Insul., 60.7 percent Fail Normal Stress Criteria
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iCal Compression; in @3(—25__
Impreves this, Condition

® 4 /

SUES5Es that: develop in the horizontal
Esliation elements from Part 1 effects.
SSEESsentially none of the horizontal insulation
= élements exceed the normal stress criteria.

®.On the other hand, the lack of a radial
preload is evident in this plot of elements
which “Fail” the normal stress criteria.
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Normal Stress in Insulation

Elements which exceed
+10MPa Tensile
Stress

When the allowable Normal Tensile Stress
is increased from 4.4 MPa to 10 MPa
only 10.5% of the Insulation

Fails the Criteria
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ANSYS 8.0
FEB 18 2004
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pfcoils12,WP Insul., 10.5 percent Fail Shear & Normal Stress Criteria

When the nominal limit is increased
to +10 MPa, ~90% of PF4 “Passes.”
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tfdetail2s3, WP Insul., 49.6 perce

/6 and the TF, there is ne,preload s

ANSYS 8.0
MAR 17 2004
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nt Fail Shear & Normal Stress Criteria

A locally detailed analysis of the TF

coil indicates that ~50% of the

insulations exceeds the 4.4 MPa limit.
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TPX THROUGH THICKNESS TENSION DATA SUMMARY

. v 1
Rn | | | | Strength|Standard |Coefficient of
No. _|Reinforcement [Resin System [Barrier | Average | Deviation| Variation |
- o | MPa} O 00
TT1A |TTI3-dweave [Shell 826 |None | 525 | 6.7 | 013
TTiB 16781 8h  [Shell826 |None | 573 | 2.5 | 0.04
TT2A [6781 8-h  |CTD-112P  |Kapton 200HA| 29.5 | 10.2 | 0.35 |
TT28 6580 8-h  |CTD-112PF |Kapton 200HA| 37.7 | 9.6 | 0.25 |
. ITT2C 6781 8-h  |CTD-112P None [ 28.2 | 1.0 | 0.04
=
~|TT38 [6580 8-h  [CTD-112PF |Kapton 200HA| 27.5 | 9.1 | 0.33
TT3C [6781 8-h  [CTD-112P  [None | 244 | 3.7 | 0.15

TT4A [TTI3-d weave [Shell 826 [None | 46.4 | 6.7 | 0.14
TT4B_[6781 8-h __ [Shell 826 [None | 631 [ 841 | 013

PA Sanger, “Final Report on Shear Strength under Compressive Load and Through Thickness
Tension of TPX Insulating Materials,” 14-950718-WEC-PSanger-01, Pittsburgh PA.
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oD S2 dlass not as strong in tension or shear as 8
MERESSIWEaVE, DUt still not too. shabby:.

2sDiglassihas slightly higher compressive slope

e -

= Composite Type Pure Interlaminar Pure Interlaminar Compressive Slope
Tension (MPa) Shear (MPa)

3D S2 glass tape 46 52 0.7

8 harness satin weave 60 95 0.5
S2 glass tape

PA Sanger, “Final Report on Shear Strength under Compressive Load and Through Thickness
Tension of TPX Insulating Materials,” 14-950718-WEC-PSanger-01, Pittsburgh PA.
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e I-Comments onJ’g&R@Qﬂlﬁr—

KaPLon: e:n ally.reduces; the
StengtarortneInsulation Iayer.
Lrengths are independent off substrate

al (5116 SS or Incoloy 908).

W /7 S/m//ar surface prep, maybe we could expect
St Sillar results with the Cu conductor.

When Kapton is present, Shell 826 is stronger
- than CTD101K.

¢ \When Kapton is not present, the two epoxies
performed equivalently.
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= .
Moperties used In TPX EEANEK)E

; ed the 3D Glass. Check out what that does for the CTE orthotropy.

Material (Ref #)

Shear
Modulus

(interlam.)

Modulus

Table 2.0-1 Summary of Material Properties Used in the Analyses (4K)

Young's
Modulus | Modulus
(thru-thk) | (in-

Exp. Coef.|[Exp. Coef.
(thru-thk) | (in-

Poisson's
Ratio

—_————

Incoloy 908 (1) 71 GPa 185 GPa 5.9u/K (5.59) 0.299
316 LN (5) 81 GPa 205 GPa 10.41/K (10.3) 0.282

SC Cable(8) 0.23 GPa Long/Tran:60/0.6 GPa 7.24WK 0.30
G11 Sheet (3) 11.6 GPa 90GPa | 24GPa | 36 GPa | 249u/K | 83wWK 0.26
Ground Wrap (7) | 10.7 GPa 8.5 GPa 16 GPa | 32 GPa 12K 10Ww/K 0.26
3D Glass Wrap (2)] 10.7 GPa 8.5 GPa 16 GPa | 32 GPa I2WK 10WK 0.26
3D Corner Fill (4)| 10.7 GPa 8.5 GPa 16 GPa | 32 GPa 12W/K 10WK 0.26
Kapton Wrap (14) 0.37 GPa | 4.0GPa 15.8W/K | 13wK 0.34

RL Myatt, “Stress Analysis of the TF Conduit and Insulation for TPX,”

13-950605-MIT-LMyatt-01, MIT, Cambridge, MA.
April 01, 2004
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ANSYS 8.0

MAR 31 2004
13:21:25
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s Plot shows: ' ' e/

— GJ_ < 10 M Pa deta|I2d16 WP Insul., 100 percent Pass Shear & Normal Stress Criteria

— 100% of turn and layer insulation
passes design criteria.
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Immary Comme i
SREIEZ Y tE amount ﬁ'ﬂsotropy i thelinsulation’s :
CTE Vall=stdElst ”,-
INRGpErating temp. :
IEGnIWeavers 3D S-glass has almost isotropic CTES,
SNl provide a way of avoiding the high stresses
J)rorlu py: the more traditional 2D glass weave.
BSIPX test data shows good shear/compression/tension

-—"_ i

= strength for 3D glass and epoxy systems.
5-Up-to date technical data on the 3D product is TBD.

o Wiww.albint.com/web/albint pub.nsf/Content/Specialt
y+Weaving is a good starting point.

-_r"'
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Noteworthy__.-"“-ﬁ——

S IPX lJIr mately adopted 2 Ka pton/ s glass slip-plane

nsulziton syster
S ZN2Etap Kapteni Tiype H, no adhesive (t=0.025)
NP 5D weave S-2 glass (t=0.356 mm)

SetalWirrap: Thickness, 0.812 mm (32 mils)

SHVRTRWiIthi Shell 826 epoxy
— ) E e arge Scale Verification Test Program™ qualified
:‘..: 'system on 5x5 conductor array samples.

The system is designed to allow micro-
~displacements between the insulation and the
conductor, thus avoiding normal tensile stresses.

® The program is summarized in TPX CPDR Val. 5,
Manufacturing R&D (I still have a copy).
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