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Revised 2/12/92

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.

10.

11.

Removing the Glass-Epoxy tape increases stress relaxation as much as
2 to 3 times (unless under layers of polyimide utilize adhesive. See 5
below).

This stress relaxation can be minimized by:

a. Use as few layers of Kapton as possible.

b. Use high molding pressures (= 10 KPSI)

c. Stay in the mold longer, preferably at the curing temperature

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

i.e., very close to glass epoxy. :

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 laver adhesives would
have creep levels equal to or better than glags tape.

It is difficult to extrapolate coil size from ten stack size with good
accuracy. (Curved stacks would be better.)

Allied Signal Apical type NP film appears to provide lower creep than
DuPont Kapton type K (by apprx. 22% to 50% depending on wraps and
layers of adhesive).

Apical type NP film also appears to make ten stacks with slightly
higher modulus of elasticity properties (by roughly 15%).

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

When adhesive is utilized on layers closest to cable, small amounts of
adhesive can be found on the cable. (Could these small amounts of
adhesive crack, exotherm, and cause a quench?)

A Spindel (SSCL) suggested utilizing adhesive on both sides of the top
insulation layers, but not on the bottom layers. This should produce a
good compromise which cannot leak adhesive onto the cable.



""" " APICAL BRAND INSULATION COMBINATIONS BEING

STUDIED AS TEN STACKS
MATERIAL WRAP PATTERN({IN/OUT} | LAYER ADHESIVE
INNER OUTER | 21 2/2 31 372 INNER GUTER
AV NP O OK C  IEETALNG Tty covet
AV NPT X X E " i !
N NP [E0) OPR Ceq +TOVGHERT W ERAoUTER
NN |0 C  C | 4167 LdeR 10|tinte &L oe
NP™ NS X X Ead -ICONPARES CPHORAD pid POy
N T O e E +ToUBUEST WITH 87 ceo
AV T | (X C & tlike Pt pp+LT ‘
I BuT BoH dmves Borred
VeSS — NEEDED |[FoR. ouTel- Coil5
NP LT @x C e Rt CEQEPGB'!EZIZ.YD.SHZMK’{

AV= APICAL BRAND POLYIMIDE FILM WITH TENSILE MODULUS OF 460 KPSH, 1.0 MILS THICK
NP= APICAL BRAND POLYIMIDE FILM WITH TENSILE MODULUS OF 600 KPSI, 1.0 MILS THICK
C= CRYORAD BRAND ADHESIVE, 0.15 TO 0.25 MILS THICK
E= #2290 EPOXY FROM 3M, 0.15 TO 0.25 MILS THICK

COATED FILMS ARE IDENTIFIED AS FOLLOWS:

MFG.# FNAL # BASE FILM ADHESIVE
100AY MA-292717 1 MIL. AV NONE
100NP MA-292718 1 MIL. NP NONE
210v MA-292713 1 MiL. AV 0.2 MIL CRYORAD
210P MA-292716 1 MIL. NP 0.2 MIL CRYORAD
210vM MA-292714 1 MIL. AV 0.2 MIL 2290 EPOXY
X 210PM MA-292715 1.MIL. NP 0.2 MIL.2290 EPOXY

K MATERIAL IS UNAVALLAD L

R.E.SIMS
1-16-91
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TEN STACK STRESS RELAXATION WITH 12 KPS| FOR ONE
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COMPARING INNER COIL CREEP TO TEN STAGK CREEP

(12 KPS| FOR 60 MINUTES )
& INNER COIL CREEP
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' l
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VARIOUS KAPTON H AND LT COMBINATIONS VS GREEP

(cHoI1ES cLoSE To 'bp(SEL.I}JB)

HES-1.2/3H+E, 10K

-.gxx-.\-n-xsm\:}:a
\'3\ h W\W&‘.&\m

EOLTE- J2R+E BLT
0,1125,BGT.20%,
POLY1,1/2C1,2RC],
AL501, 2k J2LT

LINE

i s A AR
&:ze\‘t»&;‘x‘.\ R b he
R

w

&y
z
I
_‘
Wi
Y
1§

B3 -‘\'\“EK\\“(:“ w LEE]
KX \\.(\'cx"z&
AT R

S
"\.\\:c:{‘“ E"‘ AR

OVTER

LN
e e e et
mm\'\\mm\\mx«x
c&:ﬂ-"‘"ﬁvﬂm
RSN SN

RN ek R N ki N N mm\m‘e A
R EER A o £ 3N
R TN m%’cmn-'&wr“\% A S B e e BB e S

IR RN OO TTT
mm\mmmmmammammmm A TR R A
Q‘-mx_wx_mm'\m m‘&.&mmm&xx\
W% RO R S e R A R0 R
R T e

ALt 2R ALT,

m&m&v&\.

-*v::r:?‘%\m:\#
S R RS e A e U R TR SN N S TR _%mn—:\‘ Lo

panas ..w....\.\.\ ey PLaT e Y 20 S Y T P P el P o EVAS L 03 N N LR ) SR LG TR EL VO B VL L) S0 CHVLEN ) SN Y,
TERA NN IR RN AT A

me*m RHNN -!:.\.m

-smwmi:.

i U’ } H 5 % .x\xn."gﬁmmm:;‘.m TR CREC N R X s
N e R SR S ot

e i
e

O
N
G
Q

=2 0.0005
e O.0015

iz e
e
S,

a"“-
N,
LI

o

“
i

2
-

L
o 4
LI
1

-
e

-



GOMPARING MODULI OF ELASTICITY OF STACKS
MADE WITH VARIOUS KAPTON BRAND FILMS
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GREEP FOR SELECT KAPTON STACKS
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KAPTON AND APIGAL STACK MODULUS VS CREEP
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MODULUS OF ELASTICITY VS CURING PRESSURE
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KAPTON GREEP VS CURE PRESSURE
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Follow-on Steps
(R.E. Sims, Revised 2-20-92)

Examine "cookies” of the coils to determine the "flow" of the Kapton
epoxy system. (DSI340 & DSI341)

Take apart Kapton epoxy stacks with first layer adhesives and search
for any epoxy leakage on cable. (Cryorad done, do Kapton +2290)

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

Make cryogenic shrinkage measurement of an assortment of ten
stacks while under constant pressure (12 K psi).

Obtain Apical NP film coated on both sides with Cryorad adhesive and
Kapton LT film coated on both sides with 2290 adhesive. Evaluate the
creep and modulus of elasticity of the following ten stacks:

a. 1/2 NP, butt NP coated 2 sides
1) Cured at 275°F, 90 min, 10 KPSI
2) Cared at 295°F, 90 min, 10 KPSI
3) Cured at 275°F, 120 min, 10 KPSI
4) Cured at 275°F, 90 min, 6 KPSI

b. 1/2 NP, 1/2 NP coated 2 sides. P
1) through 4) same as above. (covip BZ #| OwiTd BEcavsg PROcERS
VAR IATIPH S Suzued PaiL [VT2
¢. V2H,butt LT coated 2 sides. ABoVE FrmLdaly
1) through 4) same as above. (covi> B& #) 251

d. 1/2H, /2 LT coated 2 sides.

1) through 4) same as above. (¢ o0> BE #1 2 b‘D
B« NP BUTT LT c2ATED 2 sSi085 (ePiiewac ,cvrE AS .l A.Boué')
Measure cryogenic shrinkage of the "1" and "4" ten stacks in #5 above.



