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Revised2/12i2

Perceiveddisadvantagesof GlassTapeSvstent

1. Breaksdownat lower pressurehigh voltagebreakdown,BNL study.

2. Tearsduring winding - sharp cornerson torn glassusually requiring
hand repair.

3. High friction in mold => Lessuniform distribution
of conductorsand more sizevariation.

4. Largerepoxy volume => Hydraulically stretchingKaptoncan lead
to insulationfailure.

5. Limits currentdensity. An all polyimideinsulation wrapcan permit
lower insulationvolume andallow an additional turn of
superconductor.

Perceiveddisadvantagesof elhninatinpGlassTape:

1. Changecross-section. Assumesminimum insulation approach.

2. Increasescreep. Higher initial collaring forceswould be required.

3. Reducedcontrol of coil sizevariation from componentsizevariation.

4. Lower modulusbut this may partially compensatefor #3.

5. Larger thermalcontraction.

Authon PerceivedadvantagesofeliminatingGlassTape
. . . I

assuminfall PolvundeFilm:

1. Greaterhigh voltagebreakdownin midplane.

2. Lower overall labor.

3. Although theseexperimentshaveshownthat utilizing adhesiveon
everylayer improvescreep,microscopicstudiesreveal"adhesive
leakage"onto cablestrands. An optimumconfigurationmay be to
utilize adhesiveon both sidesof theouterlayersof insulationwith no
adhesiveon the insidelayers ofinsulation per contributionby
AmandaSpindel.
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CONCLUSIONS

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

1. Removingthe Glass-Epoxytapeincreasesstressrelaxationasmuchas
2 to 3 times unlessunderlayers of polyimide utilize adhesive.See5
below.

2. This stressrelaxationcan be minimizedby:

a. Useasfew layers of Kaptonaspossible.
b. Use high molding pressures 10 KPSI
c. Stayin themold longer,preferablyat the curingtemperature
d. A single tenstackmadeusingDuPontCI andRCI at 225°C 438°F

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

3. The Glass-Tapesystemaccommodatesapproximatelytwice the
materialtolerancevariation that3 layersof Kapton can. .015’ for glass
tape,.007" for 3 layersof Kapton.

4. SingleKapton insulation systemswith no inner layeradhesivehave
10% to 25% lower final coil modulusof elasticity.

5. It appearsthat coils madewith inner andouter layeradhesiveswould
havecreeplevels equalto or betterthan glasstane.

6. It is difficult to extrapolatecoil size from 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 alsoappearsto make tenstackswith slightly
higher modulusof elasticitypropertiesby roughly 15%.

9. If "Loaded" films havelower cryogenicshrink and lower bulk modulus
thannon-loadedfilms, thenDuPont"LT" film shouldbe the"top" layer
of insulation.

10. When adhesiveis utilized on layersclosestto cable,small amountsof
adhesivecanbe foundon thecable. Could thesesmall amountsof
adhesivecrack, exotherm,and causea quench?

11. A SpindelSSCL suggestedutilizing adhesiveon both sidesof thetop
insulationlayers,butnot on thebottomlayers. This shouldproducea
good compromisewhichcannotleak adhesiveonto thecable.



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

1. Examine"cookies" of thecoils to determinethe "flow" of the Kapton
epoxysystem. D51340& DS1341

2. TakeapartKapton epoxystackswith first layeradhesivesand search
for anyepoxyleakageon cable. Cryoraddone,do Kapton+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 film coatedon both sideswith 2290 adhesive.Evaluatethe
creepandmodulusof elasticityof the following ten stacks:

a. 1/2NP,butahides
pCetSZ1 3 l.i 1 Curedat 275°F,90 mm, 10 KPSJ

2 Curedat 295°F,90 mm, 10 KPSI
3 Curedat 275°F,120 mm, 10 KPSI / -

4 Curedat 275°F,90 mm, 6 KPSI

C,43Z2,3t3 b. IJ2NP,li2NPcoated2sides.
1 through4 sameasabove.

D £4333 c. 112’H, butt LT coated2 sides.
1 through4 sameas above.

d. 112 H, 112 LT coated2 sides.
1 through4 sameasabove.

6. Measurecryogenicshrinkageof the "1" and "4" ten stacksin #5 above.



COMPARISON OF POLVIMIDE FILM DATA
All data on 1 mu thick film unless noted

RICHARD E. SIMS February 4, 1992

PhysfratProp.rtWs LP0P0nt, Oupont . 1uont? A Oupø4it :. [AiIledApIcaI :1, HPupont :
/ , I typIcai Vaines Thst Condftions I H HA t LI *V P 1 120 Ot-4 t35 PCI

Physical Properties at Temp. 23° C 73°F 200°C 392°F 23°C 23°C 23°C 23°C 23°C 23°C, 1.2 Mu 23’C, 1.35 Mu
Ultimate Tensile MD
Strength, MPa psi 36.000

231
33,500

139
20,000

32 K 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
10,000

41
6,000

10,000

Stress to Produce MD
5% Elongation, MPa psi

90
13,000

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
290,000 400,000 310,000 500,000

2.92
460,000

4.26
600,000 350,000 475,000

Impact Strength, Kg-cm ft-lb 8.58 .
Folding Endurance MIT, cycles 285000 >1,000,000 >1,000,000 >150,000
Tear Strength MD’.Propagating
Eimendort,g

7 16 35 8 7

Tear Strength MD - initial
Graves,g 729 520 600
Density, gfcm3 1.42 1.42 1.45
Coefficient of Friction -

Kinetic Film-to-Film
Coefficient of Friction -

Static Film to Film

0.48

0.63

0.40

0.5

Retractive index Becke Line 1.66
Poisson’s Ratio 0.34
Low Temperature Flex Life Pass
Dielectric Constant 3.4 3.4 3.3 3.5 3.8
Dielectric Strength V/Mu 7,700 6500 3500 7800 8000 6000 4500

NOTE: All intormstion supplied by the manufacturers.



THERMAL PROPERTIES

RICHARD E. SIMS February 4, 1992

ThirmiI Pfopertles Dupont. ‘PaM "‘7Dupqnt Dupo4f MIied{-A1i
Tl Values Test Condidons H :. LI AV. w

Melting Point none none

Thermal Coefficient
of Expansion

20 pprn/°C
llppm/°F

-14 to 38°C
7 to 100F

2.1 X 10-8
in/in/°C

.8 X 10-50°C

Coefficient of Thermal
Conductivity , W/m9

.12 296°K

Cal
cmsec°C 2.87 X 10-4 23°C

Specific Heat 1.09.2611 .j

Shrinkage, % .17
1.25

30 mm @ 150°C
120 mm @400°C

Limiting Oxygen index, % 37

NOTE: All information supplied by the Manufacturers.
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SSO 53 iiirn INNER COL STRESS RELAXA1IOt Al 12 KPSI
IlH VARIOUS INSULAtIONS
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