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1.
2.
3.
4,
5.

Breaks down at lower pressure (high voltage breakdown, BNL study).

Tears during winding - sharp corners on torn glass (usually requiring
hand repair).

High friction in mold => Less uniform distribution
of conductors and more size variation.

Larger epoxy volume => Hydraulically stretching Kapton can lead
to insulation failure.

Limits current density. An all polymide insulation wrap can permit
lower insulation volume and allow an additional turn of
superconductor.

Change cross-section. (Assumes minimum insulation approach).
Increases creep. Higher initial collaring forces would be required.
Reduced control of coil size variation from component size variation.
Lower modulus (but this may partially compensate for #3).

Larger thermal contraction.



CONCLUSIONS

Based on small quantities of ten stacks made from DuPont Kapton types H,
HA, and LT. The epoxy used on the Kapton was 3M #2290

1.

Removing the Glass-Epoxy tape increases stress relaxation as much as
2 to 3 times.

This stress relaxation can be minimized by:

Use as few layers of Kapton as possible.

Use high molding pressures (= 10 KPSI)

Stay in the mold longer, preferably at the curing temperature

A single ten stack made using DuPont CI and RCI at 225°C (438°F)
showed a stress relaxation about 16% greater than (lass-epoxy.

.o o'p

The Glass-Tape system accommodates approximately twice the
material tolerance variation that 3 layers of Kapton can. (.015" for glass
tape, .007" for 3 layers of Kapton).

Single Kapton insulation systems with no inner layer adhesive have
10% to 25% lower final coil modulus of elasticity.

It appears that coils made with inner and outer layer adhesives would
have creep levels equal to or better than glass tape.

It is difficult to extrapolate coil size from ten stack size with good
accuracy.

Allied Signal Apical type NP film appears to provide lower creep than
DuPont Kapton type K.

Apical type NP film also appears to make ten stacks with slightly
higher modulus of elasticity properties.

If "Loaded" film s have lower cryogenic shrink and lower bulk modulus
than non-loaded films, then DuPont "LT" film should be the "top" layer
of insulation.



Follow-on Steps

Examine "cookies" of the coils to determine the "flow" of the Kapton
epoxy system.

Take apart Kapton epoxy stacks with first layer adhesives and search
for any epoxy leakage on cable.

Make some Kapton and Apical ten stacks with increased cure
temperatures (+20°F) and increased time (+30 min) to gauge
reductions in creep, ete.

Make cryogenic shrinkage of an assortment of ten stacks while under
constant pressure (12 K psi).
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S5 50 mm INNER COIL STRESS RELAXATION AT 12 KPS|
WITH VARIOUS INSULATIONS
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TEN STACK STRESS RELAXATION WITH 12 KPS! FOR ONE
HOUR  (SSC S0mm INNER CABLE)
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556 50 mm UTER COL STRESS RELAXATION AT 12 KPS
WITH VARIOUS INSULATIONS
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1.8m, 4cm SSC MAGNET DATA
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GREEP VS MATERIAL COMBINATIONS FOR
GLASS-EPOXY AND KAPTON BRAND FILS
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APICAL AND KAPTON STAGK GREEP

VS LAYERS OF ADHESIVE
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APICAL AND KAPTON STACK MODULUS OF ELASTICITY
VS LAYERS OF ADHESIVE ¢ HODOF ELAST.A
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64 HOUR STACK CREEP
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STACK MODULUS OF ELASTICITY FSI)
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STACK CREEF (IINCHES)
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