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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 (z 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.
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" APICAL BRAND INSULATION COMBINATIONS BEING

STUDIED AS TEN STACKS

MATERAL | WRAP PATTERN(IN/OUT} | LAYER ADHESIVE
INNER OUTER | 2/1 2/2 3/1 3/2 | INNER OUTER
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AV= APICAL BRAND POLYIMIDE 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, 0.15 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
* 210PM MA-292715 1.MIL. NP 0.2 MIL.2290 EPOXY
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AZIMUTEIAT., COIL SIZE

58C 50 mm INNER GOIL STRESS RELAXATION AT 12 KPS
WITH VARIOUS INSULATIONS
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S8C 30 mm QUTER COIL STRESS RELAXATION AT 12 KPS|
WITH VARIOUS INSULATIONS
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TEN STACK STRESS RELAXATION WITH 12 KPSI FOR ONE

HOUR  (SSC 30mm INNER CABLE)
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COMPARING INNER COIL CREEP TO TEN STACK CREEP

( 12 KPS| FOR 60 MINUTES )
& INNER COIL CREEP
0004 =) STACK CREEP x 2.033 = COIL EQUIVALENT MALERIAL VOLUME
' l
GENERALY: STAGK CREEP INDICATES (COIL CREEP
COIL 428,128 f12K,
) WITH OfSHM -
(VERY LOW HOLD PS)
0.003
B
&
X ity
{ ‘ . TH ot
A 0002 ] $COLL 1512134, 12K,
T WI0 DFSH
Q COLL 182,424,
Z 7 o OBTSHM =
- : &cgsl% 13|3£,’2H,BLT, -
CIOL 198,42 B6T | ~06TSH |
1 0001 = {EESE;i?v'gd ;
= |
000 ;
N 0 < Ty
’"‘CJSTCnr ’& LAYERS OF KAPTON



DISPLACEMENT (ANCHES)

10-STACK INSULATION ONLY
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CREEP VS MATERIAL COMBINATIONS FOR =,

GLASS-EPOXY AND KAPTON BRAND FILMS
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GREEP CONPARISON OF VARIOUS COBINATIONS
OF APIGAL BRAND FILMS INCLUDING SOME WITH
KAPTON BRAND LT FILM
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VARIOUS KAPTON H AND LT COMBINATIONS VS CREEP

(CHOLLES cLose To BassLIvE)
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GOMPARING MODULI OF ELASTIGITY OF STAGKS
MADE WIT VARIOUS KAPTON BRAND FILMS
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GOMPARING MODULI QF ELASTI
INGLUDING  SOME WITH KAPTON BRAND LT FILM
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CREEP FOR SELECT KAPTON STACKS
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KAPTON AND APICAL TEN STACKS
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KAPTON AND APIGAL STACK MODULUS VS CREEP
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APIGAL AND KAPTON STACK MODULUS OF ELASTICTY
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EFFECT OF ADHESIVE LAYERS ON CREEP
ASSORTED APIGAL STACKS

& ASSORTED KAPTON STACKS
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DULUS OF ELASTICITY VS CURING PRESSURE

FOR APICAL BRAND FILMS
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KAPTON CREEP VS CURE PRESSURE
TEN STACKS WERE CURED AT BOTH 6 KPSI AND

~ NOTE THAT LESS LAYERS MEANS LESS
0 o SENSITIVITY TO MOLDING PRESSURE VARIATIONS
: (WHICHIALSO MEANS LESS VARIATION WITH
50, —HHATERRETOLERANGES)
< \ ~
- \\\ \
0 \;\::>\ S HASHE 2HARLT
il \‘\\\\\:\':\\ \\[
O e N2
~ 0008 U S
— T S S HAN2ES 2HABLT
0 ! ™ H?&4,1/2H, J
o . "f}‘ LY :1 in T
_ 00010 - L0 12H 12U
y . T
. 1 T o~ GTH0&12H BGT 20%
§%.0695 ; —
35 1 ;
0 1
= 0-0309 I ' | , :
o ) 0 O O
5 3 3 3 8
SR i g
CURE PRESS{PS)



CREEP VS CURING PRESSURE
FOR APICAL BRAND FILMS

00030

00025

00020 \\\\

| \

. \ | \e;n@-vzwm 105 W)
\ B @01

<

<>

<>

oo Bom

¥
/

EQUUINVALENT CREEPRP (INCHES)

gy |
- ; b
Q000 | f y
0 : i
®) o Q O @]
Q O o o &
Q @ Q . @]
- & b 04 o) '®)
Deta from ‘STRANAPR 6D e I, T
Hot e CURE PRESS(RS)



Stk NZC LTE) (l/z.ovz'ilt:;\??@ NP wiTH cz2MorAD,

RuTr WeAP LT W iTH 2290 BPoxd o ToF S 1D2) WAS
pppTiatd  &VT APPART TO EAAMINE How THe

C RN ORAD ADVEEWE FLOWED ADD 1P 1T

L pKED ONTO T E EZ ARLE - (H?‘ff 3 PF-}535>

L
ress0
i o AXEE

CRACKS IN THICKER
SECTIONS oF CcRrYORAD

View ©F BoTTOM LAYER 0F 507 OVERLAP
WRARED ool THICK ARical TYHPE NP WHIicH HAS

rppoY . -00025" CENORAD TOP LoAT BEFeRE IT WAS
cUReD. Hetg THE STAGS WS CcURED ANTA275 %
AuD THE TOP LANER 2F [KAPTON TYPE LT (BurT

WRAPPED) WAS PeaLed OFF,

" R-ELSIMs Z-4-97.,



- « : " e, o L

SEAM _OFE 50% OVERLAPPED APILAL TYPE NP -
WiTH CRYDRAD A DHES\VE ON TOP SIDELF FILM,
Some CRYDRAD ADHESIVE HAS FLOWED To THE
LOW PRESSVRE AREAS.

c— -
-

SWALL PATcHES OF CRYORAD HAVE _
L EAKED” oN TD THE SURFACE © £ THE STRAMDS.

At e T



P Lk (P

e 2 I NAD
T™~al .

N.D
-
D

LT



SPLICED o URVES WERE

64 HOUR STACK CREEP VT e U5 fg‘

00025 W EZEACEND .9? R HOURS
' UN SPLICED W% NEVER-
| pekiovED R B INTVEE »

0.0020 ' o0~ +HL11/2H BLT 1K

E / ONE GLUE‘ I-PNER

. i
20,0015 &

§ 1 5/

z §

L, 00010 £y

g / o TS
(5 ) Two & wa LAY eRrs
:

Y 4 GLUE Laders

P & 4HCILTEM

- I

1))

4 GLUE LANERS

i !H!!I!i R

ETH

T
T

T C e c »] c c
= o o ) o O
L L3 < < <
.. "2 g g
pata from 'SquLXM.CGD! = o
RESNS  2-5%2 - - |
- e (SEC)



STACK CREEP @ 12 KPS| (INCHES)

64 HOUR STACK GREEK

(EXPANDED ScALE)

00006 —
,5_ - HOILTER
00005
00004 —
: - #CINC 410K
10008 =
002
oy —
A AAAA E . ‘ “/;
LWW ; Zi!gﬁiiié w;mnli AL BRI R R
- > o (e o o o
v Q O @ e o
= o o Q o)
e e 288



pressure (ksi)

FB’V*—I&—P’ == w5 wE=

Fo 80000l | ,T_f%?_‘f
P % - lj%’f_ 20000 PST
12,000 psT

L

TEN STACK - s

INNER. CojL-

DSA327 inner coil (Q2)

1 | ] 1 ] 1 I L] 1 1 L ' 1 i | 1 ‘ L] 1 1 1 I

2.5 S 7.5 10 12.5
position from inner edge (mm)



MODULUS OF ELASTICITY VS LAYERS OF GLUE FOR
MODEL INNER COLLS, KAPTON AND APICAL STACKS
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COMPARISON OF POLYIMIDE FILM DATA

All data on 1 mil thick film unless noled

RICHARD E. SIMS

February 4, 1992

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 Mil | 23°C, 1.35 Mil
Ultimate Tensile (MD} 231 139 (32 K psi) (31 K psi} (24 K psi (35 K psi) (44 K psi) (30 K psi) {20 K psi)
Strength, MPa (psl) (36.000) {33,500) (20,000) - ‘
Yield Polnt (MD) 69 41 {10,000}

at 3%, MPa (psi) {10,000) (6,000)

Stress to Produce (MD) 90 61

5% Elongation, MPa (psl) (13,000) (9,000) (13,000}

Ultimate Elongation (MD),% 72 83 70 83 ‘BO 95 90 85 65
Tenslle Modulus, GPa 2.5 2 2.82 4.26

{MD) (psl) {370,000} {290,000} {400,000} (310,000) {500,000) (460,000} (600,000) (350,000) (475,000)
Impact Strength, Kg-cm (it-1b) 8(.58) - -
Folding Endurance (MIT), cycles 285000 »>1,000,000 >1,000,000 »150,000

Tear Strength (MD)-Propagating 7 i6 35 8 7

[{(Elmendort),g

Tear Strength (MD) - Inltlal

{Graves),g 729 520 600

Denslly, g/cm3 1.42 1.42 1.45

Coefficient of Frictlon - 0.48 0.40

Kinetic (Flim-to-Film)

Coetficient of Friction - 0.63 0.5

Static_(Flim_to_Film)

Refractive Index (Becke Line) 1.66

Polsson's Ratlo 0.34

Low Temperature Flex Life Pass

Dielectric Constant 3.4 3.4 3.3 3.5 3.8
Dielectric Strength VY/MI 7,700 6500 3500 7800 8000 68000 4500

NOTE: All Information supplied by the manufacturers.



THERMAL PROPERTIES

RICHARD E. SIMS

February 4, 1992

Melting Polint none none
Thermal Coefticient 20 ppm/°C -14 to 38°C 21 X 10-8 | .8 X 10-50°C
of Expansion (11ppm/°F) (7 to 100*F) In/in/eC
Coefficlent of Thermal 12 286°K
Conductivitly , Wim*K
{Cal)
{cm)(sec)(°C) (2.87 X 10-4) 23°C
Specific Heat 1.09(.261) "J/ g "K{caligrC)
Shrinkage, % A7 30 min @ 150°C
1.25 120 min @ 400°C
Limiting Oxygen Index, % a7

NOTE: All Information supplied by the Manufacturers.




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 2280 adhesive. Evaluate the
creep and modulus of elasticity of the following ten stacks:

a. 1/2NP, 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 Suzved Pail [VT2
¢. U2H,butt LT coated 2 sides. ABoVE FrmLTaly
1) through 4) same as above. (covi> & #) 231

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

1) through 4) same as above. (¢ oot DE &1 2 l—‘D
E. JzNp BUTT LT c2ATED 2 31025 (ePTrrrpdL  cvreéns a.l n.ﬁw?‘)
Measure cryogenic shrinkage of the "1" and "4" ten stacks in #5 above.



