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CONCLUSIONS

Basedon small quantitiesof tenstacksmadefrom DuPontKaptontypesH,
HA, andLT. The epoxyusedon theKaptonwas3M #2290

1. Removingthe Glass-Epoxytapeincreasesstressrelaxationasmuch as
2 to 3 times unlessunderlayers ofpolyinilde utilize adhesive.See5
below.

2. This stressrelaxationcanbe minimizedby:

a. Useasfew layers ofKaptonaspossible.
b. Use high moldingpressures 10 ICPSI
c. Stayin themold longer, preferablyat thecuring temperature
d. A single tenstackmadeusingDuPontCI andRCI at 225°C438°F

showeda stressrelaxationabout16% greaterthanGlass-epoxy,
i.e., very closeto glassepoxy.

3. The Glass-Tapesystemaccommodatesapproximatelytwice the
materialtolerancevariation that3 layers of Kapton can. .015" for glass
tape,.007" for 3 layers ofKapton.

4. SingleKaptoninsulationsystemswith no inner layeradhesivehave
10% to 25% lower final coil modulusof elasticity.

5. It appearsthatcoils madewith innerandouter layer adhesiveswould
havecreeplevelseaualto or betterthanglasstane.

6. It is difficult to extrapolatecoil sizefrom tenstacksize with good
accuracy. Curvedstackswould be better.

7. Allied SignalApical type NP film appearsto providelower creepthan
DuPontKaptontype K by apprx.22% to 50% dependingon wrapsand
layers of adhesive.

8. Apical type NP film also appearsto make tenstackswith slightly
highermodulus of elasticitypropertiesby roughly 15%.

9. If "Loaded" films havelower cryogenic shrink andlower bulk modulus
thannon-loadedfilms, thenDuPont‘IT" film shouldbe the "top" layer
of insulation.

10. When adhesiveis utilized on layersclosestto cable,small amountsof
adhesivecanbe found on the cable. Could thesesmall amountsof
adhesivecrack, exotherm,andcausea quench?

11. A SpindelSSCL suggestedutilizing adhesiveon both sidesof thetop
insulationlayers,butnot on thebottomlayers. This shouldproducea
good compromisewhich cannotleak adhesiveonto the cable.



APICALBRAND INStJLATIONCOMBINAflONS BEING
STUDIED AS TEN STACKS
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AV= APICAL BRAND POL’flMIDE FILM WITH TENSILE MODULUS OF 460 KPSI , 1 .0 MILS THICK
NP= APICAL BRAND POLYIMIDE FILM WiTH TENSILE MODULUS OF 600 KPSI, 1 .0 MILS THICK

C= CRYORAD BRAND ADHESIVE, 0. 5100.25 MILS THICK
E = #2290 EPOXY FROM 3M, 0.15 10 0.25 MILS THICK

COATED FILMS ARE IDENTIFIED AS FOLLOWS:
MFG.# FNAL # BASE FILM ADHESIVE

IOOAV MA-292717 I MII.AV NONE

OONP iAk-292fl8 I MI1.NP NONE

210V Ntk.292713 1 MIL.AV 0.2 MILCRYORAD

210P MA.292716 1 MIL. NP 0.2 Mu CRYORAD

2IOVM i.292714 1 MIL.AY 0.2 MIt 2290 EPOXY

* 210PM MA-29271 5 1 .MIL. NP 0.2 MIL.2290 EPOXY
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SSC 5Q mm INNERQQjL STRESS RELAXATION Al 12 KPSI
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SSC 50 mm OUTER COIL STRESS RELAXATION Al 12 KPSI
ITN VARIOUS INSULATIONS
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STACK INSULATION ONLY
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KAPTON AND APICAL TEN STACKS
BEFORE VS AFTER CURING
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STACK MODULUS OF ELASTICITY
PSI
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COIL EQUIVALENT CREEP INCHES
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MODULUS OF ELASTiCITY PSI
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MODULUS OF ELASTICITY PSI
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COIL EQUIVALENT CREEP INCHES
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COMPARISON OF POLYIMIDE FILM DATA
All data on 1 mU thick film unless noted

RICHARD E. SIMS February 4, 1992

Physical Properties at Temp. 23° 0 73°F 20000 392°F 23°C 23°C 23°C 23°C 23°C 23°C, 1.2 Mil 23°C, 1.35 Mu
Ultimate Tensile MD
Strength, MPa psi 36.000

231
33,500

139
20,000

32 1< psi 31 K psi 24 K psi 35 K psi 44 K psi 30 K psi
.

20 K psi
.

Yield Point MD
at 3%, MPa psi

69
10000

41
6,000 .

10,000

Stress to Produce MD
5% ElongatIon, MPa psi

90
13000

61
9,000 13,000

Ultimate Elongation MD,% 72 83 70 83 80 95 90 85 65
Tensile Modulus, GPa
MD psi

2.5
370,000

2
290000 400000 310,000 500000

2.92
460,000

4.26
600,000 350,000 475000

Impact Strength, Kg-cm tt-Ib 858 .
Folding Endurance MIT, cycles 285000 >1000,000 >1,000,000 >150,000
Tear Strength MD-Propagating
EImendcrtg

7 16 35 9 7

Tear Strength MD - Initial
GT8VOS,g 729 520 600
Density, glcm3 1.42 1.42 1.45
Coefficient of Friction
Kinetic Film-to-Film
Coefficient ot Friction -

Static Film to Film

0.48

0.63

0.40

0.5

Refractive Index Beck. Line 1.66
Poisson’s RatIo 0.34
Low Temperature Flex Life Pass
Dielectric Constant 3.4 3,4 33 3.5 3.8
Dielectric Strength V/Mu 7,700 6500 3500 7800 8000 6000 4500

NOTE: All inormatiori supplied by the manufacturers.



THERMAL PROPERTIES

RICHARD E. SIMS February 4, 1992

Thermal Coefticlent
of Expansion

20 ppm/°C
llppm/°F

-14 to 38°C
7 to 100F

2.1 X 10-8
ln/ln/°C

.8 X 10-50°C

Coefficient ot Thermal
Conductivity W1m9

.12 296°K

Cal
cmsec°C 2.87 X 10-4 23°C

Specific Heal 1.09261 ".1/ g Kcal/gPC

Shrinkage, % .17
1.25

30 mm @ 150°C
120 mm @400°C

Limiting Oxygen Index, % 37

Meitina Point none none

NOTE: All Information supplied by the Manutacturers.



Follow-on Steps
R.E. Sims,Revised2-20-92

Examine"cookies" of thecoils to determinethe "flow" of theKapton
epoxysystem. DS1340& DS1341

2. TakeapartKapton epoxystackswith first layeradhesivesandsearch
for anyepoxyleakageon cable. Cryoraddone,do Kaptori +2290

3. Make someKapton andApical tenstackswith increasedcure
temperatures+20°F andincreasedtime +30 mm to gauge
reductionsin creep,etc.

4. Make cryogenicshrinkagemeasurementof an assortmentof ten
stackswhile underconstantpressure12 K psi.

5. ObtainApical NP film coatedon both sideswith Cryoradadhesiveand
KaptonLT mm coatedon bothsideswith 2290 adhesive.Evaluatethe
creepandmodulusof elasticityof the following tenstacks:

a. 1/2NP, butt NP coated2 sides
1 Curedat 275°F,90 mm, 10 KPSI
2 Curedat 295°F,90 mm, 10 KPSI
3 Curedat 275°F,120miii, 10 ICPSI
4 Curedat 275°F,90 mm, 6 KPSI

b. 1/2 NP, 112 NPcoated2 sides.
1 through4 sameasabove.cot’ t- B +I 0 tu LH stcAJ.se Pot5

VPc2.14fl9PS jLfl f%4jj JSY

c. 112H, butt LT coated2 sides. t" 44 a_J

1 through4 sameasabove. b OP

d. 12 H, 112 LT coated2 sides.
1 through4 sameas above.£c DQL-5> Th**J iJL7

e., ziJ? btTt LY cOAltD jD3 Dnc9P4Lo.aCmS Q1
6. Measurecr34ogenicshrinkageof the "1" and "4" ten stacksin #5 above.


