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PerceiveddisadvantagesofGlassflue Svstem

1. Breaksdownat lower pressurehigh voltagebreakdown,BNL study.

2. Tearsduring winding - sharpcornerson torn glassusually requiring
handrepair.

3. High friction in mold => Lessuniform distribution
of conductorsand moresize variation.

4. Largerepoxy volume => Hydraulically stretchingKapton can lead
to insulationfailure.

5. limits currentdensity. An all polymide insulationwrapcan permit
lower insulationvolume and allow an additional turnof
superconductor.

PerceiveddisadvantagesofeliminatingGlassTape:

1. Changecross-section. Assumesminimum insulation approach.

2. Increasescreep. Higher initial collaring forceswould be required.

3. Reducedcontrol of coil sizevariation from componentsizevariation.

4. Lowermodulusbut this may partially compensatefor #3.

5. Largerthermalcontraction.



CONCLUSIONS
Basedon smallquantitiesof tenstacksmadefrom DuPontKaptontypesH,
HA, andLT. Theepoxyusedon theKaptonwas 3M #2290

1. RemovingtheGlass-Epoxytapeincreasesstressrelaxationas much as
2to3thnes.

2. This stressrelaxationcan be minimizedby:

a. Use asfew layersof Kaptonaspossible.
b. Usehigh moldingpressures 10 KPSI
c. Stay in themold longer,preferablyat the curingtemperature
d. A single tenstackmadeusingDuPontCI andRCI at 225°C438°F

showeda stressrelaxationabout16% greaterthanGlass-epoxy.

3. The Glass-Tapesystemaccommodatesapproximatelytwice the
material tolerancevariation that 3 layersof Kaptoncan. .015" for glass
tape,.007" for 3 layersofKapton.

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

5. It appearsthat coils madewith innerand outerlayer adhesiveswould
havecreeplevelsequalto or betterthanglasstape.

6. It is difficult to extrapolatecoil size from tenstacksize with good
accuracy.

7. Allied SignalApical typeNP film appearsto providelower creepthan
DuPontKaptontypeIC

8. Apical type NP film alsoappearsto maketenstackswith slightly
highermodulusof elasticityproperties.

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



Follow-on Steps

1. Examine"cookies" of the coils to determinethe "flow" of theKapton
epoxysystem.

2. TakeapartKapton epoxystackswith first layeradhesivesand search
for anyepoxyleakageon cable.

3. Make someKaptonandApical ten stackswith increasedcure
temperatures+20°F andincreasedtime +30 mm to gauge
reductionsin creep,etc.

4. Make cryogenicshrinkageof an assortmentof tenstackswhile under
constantpressure12 K psi.
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COMPARISON OF POLYIMIDE FILM DATA
All data on 1 mu thick film unless noted

RICHARD E. SIMS February 4, 1992

Phyitcil I4 :Duoiit:. 1: Pupont j :buprn

____________________________________________

I typical Valuel I Test tondhions k 1 14* 1 LT Ày I PP 120 C’T4 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 23t, 1.35 PAil
Ultimate Tensile MD
Strength, MPa psi 36.000

231
33,500

139
20,000

32 K psi 31 1< 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 tt-ib 858
Folding Endurance MID, 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
Grsves,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

Refractive index Becke Line 1.66
Poisson’s Ratio 0.34
Low Temperature Flex Ute 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: Au information supplied by the manufacturers.



THERMAL PROPERTIES

RICHARD E. SIMS February 4, 1992

l’herniai Proporfln Odpont. EN. : .
typ1 Values Test OondIffàs

Dupont Dupont...
. HA

Dupt . . AIIIè t.AiicaI.
. AV . .:

Melting Point none none

Thermal CoefficIent
of Expansion

20 ppm/°C
llppm/°F

-14 to 38°C
7 to 100P

2.1 X 10-8
infin/°C

.8 X 10-50°C

Coefficient of Thermal
Conductivity , W/mK

.12 2969<

Cal
cms.c°C 2.87 X 10-4 23°C

Sp.cifuc Heat 1.09.261 J g °Kcai/g/’C

Shrinkage, % .17
1.25

30 mm @ iso°o
120 mm @400°C

Limiting Oxygen index, % 37

NOTE: All information supplied by the Manufacturers.



550 50 rnri IN’JER COIL SIRESS RELAXAIION Al 12 KPSI
WITH VARIOUS ISULAIIONS
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TEN SlACK STRESS RELAXATION WITh 12 KPSI FOR ONE
HOUR 550 50mm INNER CABLE
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350 50 mm OUTER COIL STRESS RELAXATION AT 12 KPSI
WITH VARIOUS INSULATIONS
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6 KPSI4U KPSI MOLDING PRESSURE
STACK SIZE VARIATION
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EQUIVIINICOIL RLX.

CEE VS MATERL COMBINATIONS PO
GLASSEPOXY AN KAPTON BRAND ALMS 31
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‘‘. APICAL BRAND INSULATIONCOMBINATIONS BEING

STUDIED AS TEN STACKS

MATERIAL
INNER OUTER

WRAP PAUERNIN/OUT
2/1 2/2 3/1 3/2

L&?tR ADHESIVE
INNER OUTER

ÀY NP x c o,-j-fl

ÀY MP< X X E *

NP NP ®IOtC c<, .fOU&pfl7 i

NP NP 1J C c. jnT"
NØt NP X X Et4 <P&n?S5O?

NP IT E - rfpusj,Or L. lfl
ÀY LT C E *Lucelx’c’otJ-s!

b&rt3OThL

ipe%tCa5 wea fpg-oL,w -Co’c.3
*jJ? i..r 9c c Sr sfagE?t

NP= APICAL BRAND POL’1MIDE FILM WITH TENSILE MODULUS OF 600 KPSI, 1 .0 MILS THICK
C= CRYORAD BRAND ADHESIVE, 0.15100.25 MILS THICK

E= #2290 EPOXY FROM 3M, 0.15100.25 MILS THICK

COATED FILMS ARE IDENTIFIED AS FOLLOWS

MFG.# FNAL # BASE FILM ADHESIVE

100AV MA-292fl7 I MIL.AV NONE

ICOMP MA-292718 1 MI1.NP NONE

210V Nt&.292713 MIL.AV O.2MILCRYORAD

210P ?vW292716 1 Mu. NP 0.2 Mu CRYORAD

2IOVM MA-292714 1 MIL. AV 0.2 Mu 2290 EPOXY

* 210PM MA-292715 1.MIL.MP . O.2M!L.229OEPOXY

* MkciR:4L- I-S ULThiLAThL

R.E.SIMS
1-16-91

‘P6-f covet
‘I

4t1P- cL.o
A-$S E?csp-f

cçZH’

Hp*-rLT

-3oPrt

12.’IR SRRuKK

AV= APICAL BRM’iD POLYIMIDE FILM WiTH TENSILE MODULUS OF 460 KPSI, 1.0 MIIS TF-BCK
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COIL EQIJRIALENT CREEP INCHES
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STACK MODULUS OF ELASTICITY I-’CPSI
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64 HOUR STACK CREEP
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AAFTON AND APICAL TEN STACKS
BEFORE VS AFTER CURING
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KAPTON AND APAL STACK MODULUS VS CEE
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MOBULUS OF ELASIICIIY VS LAYERS OF GLUE FOR
MODEL INNER COILS, KAPION AND APICAL STACKS
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