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FNAL Short Magnet Program FY92

1 Evaluatealternateconductorinsulationsystems.
o Eliminate glasstape
o Maintain low cure temperature1 50 C

2 Evaluatealternateendpart materials
o Injectionmolded
o RTM

3 Next iterationof "developablesurface"endparts

4 Miscellaneoustests
o RebuildDSA323 downrampquenching
o RebuildDSA329 testeffectof 2-piecepole endkey

5 ConductorplacementstudiesCanceled



Why changethe insulation?

>- Glasstapeis perceivedto causeshortsduring coil
manufacturing.

>- A systemwhich hasa greaterpunch-throughstrengthis

desirable.

>- Large friction betweenglasstapeandmold cavitymay

alessuniform conductorazimuthaldistribution.

=> Systematicshifts in theallowedharmonics.

result in

>- High cure temperaturesDuPont!BNL systemiay enhanceAC

losses.

>- High curetemperaturesmayrequiremoreexpensivecoil curing
systemor longercurecycle.

>- A thinnerinsulationsystemwould allow cross-sectionswith
highercurrentdensityto be designed.

r Basedon theseconsiderationswe choseto useapolyimide

film with adhesivecoateddirectly on its surface.

?‘ Cad err,
M.D tt afl



Insulation DevelopmentProgram

1 Chooseseveralinsulation systemsto test in magnets.
o 10-stackstudiesof insulationcreep.
o testcoils to setmoldingparameters.

2 Build 5 shortmagnetsusing4 insulationsystems.

3 Build 4 long magnetsusing2 insulationsystems.

4 Evaluatetestresultswith respectto:
Assemblyissueseaseof winding, curedcoil integrity,
etc.. -

Pre-stressrelwatn. diecrea3

e Field quality agreementwith calculations,reproducibility.
Quenchperformance.



Table I
Insulation Types Tested

Inner Wrap Outer Wrap Designation in
Over- Over- Table fl and

Film lap Adhes. Film lap Adhes. Magnets the Figures

K 50% Glass butt epoxy [a] 211 - I liCe

H 50% - LT butt 2290 [b] 2K - I1LT1e
NP 50% - NP butt 2xCR [c] 2W’- I 1NP2c
NP 65% CR - - - [d] 3NP1cI
K 50% - LT butt 2x2290 [e] 2K - IlLT2e

II 50% - LT 50% 2290 [f] 2K - I2LT1e
NP 50% - NP 50% 2xCR [g 2W’- I 2NP2c
NP 50% CR NP 50% CR [hJ 2NP1cI2NP1c
H 50% - LT 50% 2x2290 [i] 2K - I2LT2e
NP 50% - NP 50% CR none 2W’- I2NPlc

H = DuPont K-film Kapton
LT = DuPont LT-film Kapton
NP = Allied Signal NP-film Apical

Adhesives

2290 = 3M 2290 epoxy on one side
2x2290 = 311 2290 epoxy on both sides
CR = Allied Signal Cryorad on one side
2xCR = Allied Signal Cryorad on both sides

Magnets

[a] Tevatron, HERA, ASST, lINK
[b] DSAS3O,332, DCA32O,321 inner coils
[ci D5A234 DCA332,323 inner coils
[d] DSAS31 inner coils
[e] DSAB33 inner coils
[f] DSA33O,332, DCA32O,321 outer coils
[g] D5A334 DCA332,323 outer coils
[h] DSA331 outer coils
[i] DSA333 outer coils



Field Quality Issues

1 Thinner insulation
=> Wedgeshimsareusedto keepthe currentblocks at the

sameaveragepositionto matchthe coil endparts.
=> Allowed harmonicschange.

2 Insulationthicknessvariesa little amongtheinsulationtypes,
andthe moldingparametersarenot perfectlyknown.

=> Poleshimsmadeof Kaptonareused,andaredifferent
from magnet-to-magnet.

3 It is conjecturedthat thelowerfriction in themold will result
in harmonicsthataremorereproducibleandcloserto the design
values.

* However,correctionsmustbe appliedfor pole shims
beforeusingthedatato evaluatethis hypothesis.
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ExpectedHarmonics with Thinner Insulation
and WedgeShims

SCalculationsdoneby Akbar Mokhtarani,usingaprogramwritten
by Allen Riddiford.

Original New Difference
0.23 2.14 +1.91

0.06 0.42 +0.36

16 -.024 0.039

0.040 0.068 +O.OL8

1
*

pokk&t*’t3 Er4en’ 0c cj,i M5J4#o-.-.

ittu.ttse’t. cct 55c 73-55c

if z4f4z..



& Warning: The useofwedgeshimsandpole shimsmay
compromisethequenchperformance:

* Wedgeshimsareextendedinto theendsusingseveral
layersof Kaptontape,whoseendsarestaggered.

* Pole shimsare is somecasesextendedinto the ends,but
this wasnot alwayspossible. Theshim thicknessis not
known until afterthe coil is molded,andoftenthe pole-
endkey is too well bondedto the conductorinsulationto
allow theshim Kaptonto be inserted.

* Thesemay result in a mechanicaldiscontinuityat the
collar - endclampboundarywhich maycausequenching.



!""CABLE INSULATION

CREEP STUDIES

REVIEW

by Richard E. Sims

at

Fermi National Accelerator
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Revised2/12/92

PerceiveddisadvantagesofGlassTaneSvstent

1. Breaksdown. at lower pressurehigh voltagebreakdown,BNL study.

2. Tearsduring winding - sharpcornerson torn glass usually requiring
hand repair.

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

4. Largerepoxy volume => Hydraulically stretchingKaptoncan lead
to insulation failure.

5. Limits currentdensity. An all polyimidehisulation wrap can permit
lower insulationvolume and allow an additional turn of
superconductor.

Perceiveddisadvantagesofellininatin GlassTape:

1. Changecross-section. Assumesminimum insulation approach.

2. Increasescreep. Higher Initial collaring forceswould be required.

3. Reducedcontrol of coil size variation from componentsize variation.

4. Lower modulusbut this may partially compensatefor #3.

5. Larger thermal contraction.

Author Perceivedadvantal!esof ellniinatiugGlassTane
asstnningall Polvinilsie Him:

1. Greater high voltagebreakdownin midpllane.

2. Lower overall labor.

3. Although theseexperimentshaveshownthat utilizing adhesiveon
everylayer improves creep,microscopicstudiesreveal "adhesive
leakage"onto cablestrands. An optimumconfigurationmaybe to
utilize adhesiveon both sidesof the outerlayers of insulationwith no
adhesiveon the inside layers of insulationper contributionby
Amanda Spindel.



COMPARISON OF POLVIMIDE FILM DATA
All data on 1 mU thick film unless noled

RICHARD E. SIMS February 4, 1992

PhylcaI Properties Dupnt -‘ Dupont AiDed ApkaI ] Dupont
T}piti1 VàUJes j That Cohdlttdns H - HA r LT AV :1 FP I 120Th1-l I 135 ROl

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 kIll
Ultimate Tensile MD
Strength, PAPa psi 36.000

231
33,500

139
20,000

32 1< psi 31 K psi 24 K psi 35 K psi 44 K psi 30 K psi 20 1< psi

Yield Point MD
at 3% MPa psI

69
10,000

41
6OOO

10,000

Stress to Produce MD
5% ElongatIon1 MPa psi

90
13000

61
9000 13,000

Ultimate Elongation MD,0!. 72 83 70 83 80 95 90 85 65
Tensile Modulus1 CPa 2.5 2 2.92 426
MD psi
Impact Strength, Kg-cm It-Ib

370,000
B.58

290,000 400000 310,000
!

500,000 460,000 350000 475.000

Foiding Endurance MIT, cycles 285000 >1000000 >1,000000 >150000
Tear Strength MD-Propagatlng
Eimendorf,p

7 16 35 8 7

Tear SIrength MD - initial
Gravea,p 729 520 600
Density1 p/cm3 1.42 1.42 1.45
CoofIlcI.nt ot Friction
Kinetic Film-to-Film
Coefficient ot Friction -

Static Film to Film

0.48

0.63

0.40

0.5

Retraclive index Becko LIne 1.66
Poisson’s Ratio 0.34
Low Temperature Flex LII. 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 information supplied by the manufactur.rs.



SUMMARY CF SSC-FNAL. COIL INSULATIONS
DATE: 11-21-91 R. ESlMS



MEMORANDUM

10: R BOSSERT.4. CAR& J. STRW.F. ?C6REG& E.G.PEWTTT
awAKE. P. SCHMOT.A. snoa

FRDktR. ESLG

0A1E 12-05-91

SUBJECT: DETALED 10-STACK EXPERIMENt PLAN RnIsIon 2

peEM *t*n
t

QMZfl$ J4WC’
ovnup’rvp’ ‘‘

.PSkW..L!16
‘

M0L0
pst

STKAB

10-STACK MaD RUN lit? lIe’ IS H BIJIT,GLASS 10K .4K GTYc2O%EPOXY
5O%.KAFTON H BLJrr,GIASS 8K - 4K GT17lO%EPOXY

5O% KAPTON H 81117, GLASS 6K - GTSI 20% EPOX

50%.KAPTON H BurrGtAss 4X.3I GT#520%EPOXY

5O1 KAPTON H BUTTGLASS 10K PSI - CONSI. GTn 10% EPOXY

5C% KAPTON H BUTT GLASS SIC PSI - CONSY. GTfl 10% EPOXY

BARECABLE 10K - 4K MAE It

BARECA&E SK.3K BARE #1

BARECA&E 1DccNt BAREt2R&TAKE

STEaMsr HEAT RiM FOR
FIXT1JRECALIBRATON 10000 - 4K SM SI

66%KAF1DN H 50%, H.22c0 10.000 H #1
66%, KAPTON H 50%, H+22g0 6,000 H #2

50%, KAPTON II DUfl, H+fl90 10.000

50%, KAPTON H BUTT, H+fl90 6,000

STEB..J,MSTB1 6,000 Dii
2440UR

CaEEP MEAWREMENTS 11/25 . I 2/4 AJSAYE STACKS

1112t - 12/02 5O%,KAFTON HA OUTT,KAFTON IT IÔ,000 HA 50.1, HA 50.2
5O% KAPTON BUTT, KAPTON CT 6,000 HA 50-3

66%aPTON I-IA BWT,KAPTON IT 10,000 HA fl HA #1, BAD
66%KAP1Vt4 R BLJTT,KAFrON LT 6.000 HA aS

2-HOUR

CRIEPMMSUFMENIB 1214 - 12110 ABOVE4STACKS .

REVIEW DATA 12/12 CIEtPTW

10-STACK MOLD RUNS 12110 - t2P26 50%, APTCAL AV BUTT, APICAL NP+2fl 10000
50%. ApICAL AV aLrrT,APICAL NP+2290 e,ooo
50%. APICAL AV BLJTLAPICAL NP

.CRVRD 10,000
50%,APICAL IV BUTT. APICAL NP

*CRYOMD 6,000

OP1tNAI. 66%. APICM. AV BUTT. APICAL NP

+CRYORAO 10,000

OFTENAL 66% APICAL AV auTr, APICAL NP
.CRVORAO 6.000

2MOUR

CBEEP UEASJREMEXIB

12/9 12/11 MSABOVESTACKS

WITH APICAL

EVALUATE

ALL ABOVE RESULTS

12/12 12/20 FOssay RJ4OIHBR

SVACKSASA RESJLTOFEVALIJATON

* COMPARE TO BilL. RUN RCI IC-STACKS

"ADD HI TEMP. POLYIMIDE ADHESIVE ID-STACKS
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APICAL BRAND INSULATION COMBINATIONS BEING
STUDIED AS TEN STACKS

kt&rERIAL
INNER OUTER

WRAP PAflERNIN/0U1
2/1 2/2 3/1 3/2

LAYER ADHESIVE
INNER OUTER

AV NP x c
AV MF< XX E *

NP NP C .-rocJGkhutJ,
NP NP d:9 C C

NPt NP X X Eat--C.Ck,?fl.5CP

NP IT X E ioJ6LlY K iii

AV IT X C E - *L D.Jc,J1!

EulThclulL

iP Lt

‘c’bj- cove?-
I!

4t112 cu

5&31-’ cv-/c’

AV= APICAL BRAND POLYIMIDE FILM WITH TENSILE MODULUS OF 460 KPSI
MP= APCAJ. BWD POCIIMIDE FILM WiTH TENSILE MCDUIUS OF 600 KPSI,

C= CRYORAD BRAND ADHES;VE, O.i 5 TO 0.25 MRS THICK
E= #2290 EPOXY FROM 3M, 0i5 100.25 MILS THICK

1-0 PAILS IHIC<
1.0 MQS THICK

COATED FILMS ARE IDEN11FIEQ AS FOLLOWS:

MFG.# FWU. # BASE FILM ADHESIVE

lOOM’ MA-292717 I MILAY NONE

bUMP MA-29271 8 1 bAIL. NP NONE

210V M4292713 I MIL.AY 0.2 Mu CRYORAD

210P MA.292716 1 MR. NP 0.2 Mu CRYOAD

21OVM MA-292714 1 MIL.AV 0.2 Mu 2290 EPOXY

* 210PM MA.29271 5 MIt. NP 0-2 M1L2290 EPOXY

* Mk1J4L- 1$

a’! ct

R.E.STh1S
1-16-91



10-STACK CURING AND MEASURING PROCEDURE

ISTACK. . IDATE Isv
DESCRIPTIONOF STACKS

a -* S. S
Mastec In pcsss,

Reiss essws & zero hi proM. Rn 1627 3OOO i.000r

Raisepnnur & R.cccd Room 2170 4000

Raisepressurs& Record Roan 3254 6000 *

Rain pcusurs & R.cod Roan 4340 8000

Raise pessur* & R.rd Room 5424 10,000

Raiseoressur.& Rerd Room 6508 12,000

Drop penn. & Reman

Steei_Maw

Place 10-StackIn Press

Pals. Prnsurs & Record P0cm 1827 3000 -5 s.c

Raiss T.mp.qatui. & RocoS 180 F

RaisePrezwr* & R.coS 2170 4000% 4 sec

OptIonuI:

Raiss Prsssur.& Rswd 3254 6000 3 s.c

OptIonuI:

Pals. Prnsurs & Reccd 4840 8000 -2 sic

optlon.I:

Rain Prnsw. & R.coS 5424 10,000 -1 sec

OptIonsI:

Raiss Pressuri & R.co,t 6504 1 Z000

Stan counting ‘Curs llmr

vot,n temp._axcnds_237_F

CoMrius Raising tsmp. to 265 F 0 sec

Displacement as follows:

5 Minutes -
10 Minutes

15 MInutes

20 Minutes

30 MInutes

31 Mlnutes&oww Pressurs -
45 MInutes

60 MInutes

75 MInutes .

90 MInutes

105 MlnutoslHeataq off, Cooler on

120 MInutes

135 MInutes

150 MInutes

AlLOW TEMPERATURETO LOWER

TO BELOW 120 FAND RELEASE

PRESSURE REMOVE 10-STACK

AND MARK ThE STACK WITH
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VARIOUS KAPTON H AN L COMBINATIONS VS CREEP
cwotoS CLOSC -1-0
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I
0

COMAING NNE COIL CREEP TO TEN STACK CREEP
12 KPSI FOR 60 MINUIES

* INNER COIL CREEP

COISICRP.CGG
PLIEISIMS 2-13*92

LAYERS O KAPTON

SlACK CREEP x 2.033-: COIL EQUIVALEi MALERIAL VOLUME0.004

0003

I

GEERALY: SIAdK CREEP IN0ICAIES ICOIL CREEP
COIL 12911j2R,V2N,

-- ---- ...- --FIX O1ISREM
VERY LO MOLD PSI

- 1

[i;j

[rJ

*J

- ;Zr4çr-.-..
-

COIL 132,2R,
ET’081 SHIM

COIL 133,112X,BLT,
GIOL 128,112H,BQT SKIM
InIAIIbIP

-

COIL S1,3H,2H,
WITR 1011’SH!M
COIL 131,2/3K,121{,
W/O 11’SHIM

a-fl
WI,’w
0

I
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0.000 -
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KAPTON CREEP VS CURE PESSUE
IEM SlACKS WERE OUREU Al 801K 9 KPSI At8
10 KPSI Al 275 F FOR 90 MINUIES
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APICAL AND KATON STACK MODULUS O ELASTICITY
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TRANSMISSION REPORT

THIS DOCUMENT REDUCED SAMPLE ABOVE
WAS SENT

** COUNT **
#21

*** SEND ***

NO

ii
REMOTE STATION I. D. START
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Revised2/12/92

CONCLUSIONS
Basedon small quantities of ten stacksmadefrom DuPontKaptontypesH,
HA, andLT. The epoxyusedon theKaptonwas3M #2290

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

2. This stressrelaxationcan be minimizedby:

a. Useas few layers of Kapton aspossible.
b. Usehigh. moldingpressures 10 KPSI
c. Stay in the mold longer, preferablyat the curing temperature
d. A single ten stackmade usixig DuPontCI andRCI at 225°C 438°F

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

3. The Glass-Tapesystemaccommodatesapproximatelytwice the
materialtolerancevariationthat 3 layers of Kaptoncan. .015" for glass
tape,.007" for 3 layersofKapton.

4. SingleKapton insulationsystemswith no inner layer adhesivehave
10% to 25% lower final coil modulusof elasticity.

5. It appearsthat coils madewith innerandouter layeradhesiveswould
havecreeplevelsequalto or betterthan glasstane.

6. It is difficult to extrapolatecoil size from ten stacksize with good
accuracy. CurvedstackswouM be-better.

7. Allied Signal Apical type NP ifim appearsto providelower creepthan
DuPontKapton typeK by apprx.22% to 50% dependingon wrapsand
layers of adhesive.

8. Apical type NP film also appearsto maketenstackswith slightly
* higher modulusof elasticitypropertiesby roughly 15%.

9. If "Loaded" films have lower cryogenic shrink andlower bulk modulus
than non-loadedfilms, thenDuPont IT" film shouldbe the "top" layer
of insulation. -

10. When adhesiveis utilized on layers closestto cable,small amountsof
- adhesivecan be found on the cable. Could thesesmall amountsof

adhesivecrack, exotherm,andcausea quench?

11. A SpindelSSCL suggestedutilizing adhesiveon both sidesof the top
insuiationlayers,butnot on thebottomlayers. This shouldproducea
good compromisewhich cannotleak adhesiveonto thecable.
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Short Magnet Construction

Tasks performed by FNAL in fiscal 1992 on SSC short magnets
consisted of:

W Short Magnet Construction and Testing

A series of five SSC short models were constructed with
various cable insulation systems and tested. They were built
for the purpose of analyzing cable insulation systems which
did not include glass tape. In addition to the five magnets,
three magnet sections were collared and sectioned for
conductor placement analysis.

FY92 short models were also used to test alternate
materials for the coil end parts.

t Iteration #2 End Part Design, Construction and Analysis

The configuration of the paths which define the positions
of the end parts were redesigned with the goal of more
accurately supporting the conductors in the end area. The new
design was called "iteration #2". Parts were designed and
wound into coils. These coils were potted, sectioned and
analyzed.



FY92 Short Dipole Characteristics

V Cable insulation which does not include glass tape.

- Some Kapton with Scotch 2290 adhesive
- Some Apical with Cryorad adhesive

Modified cross section with shimmed wedges to compensate
for the azimuthally thinner cable insulation.

Iteration #1 end part design same as ASST.

Some magnets had one piece end keys on inner coils.

Some alternate material end parts.

Slightly modified coil insulation system one layer of .003
inch thick kapton added between inner and outer coils to
compensate for the radially thinner cable insifiation.

Alternate design strip heaters.

- Made by two different vendors
- Some with 1 element, some with 3 elements.
- Experiments with different placement of strip heaters.
- Experiments with different element thicknesses



Maqnet No.

DSI 340

DS1341
DS1342

Outer Coil

3H+2H 2290 one side

2H+2LT 2290 one side

2NP+2NP Cr both sides

Cable Insulation

Inner Coil

3H+21-I 2290 one side

2H+Butt LT one side 2290

2NP+ButtNP Cr both sides

End Parts

N/A

N/A

N/A

Coil Insulation

Standard

Standard

Standard

Strip Heaters

None

None

None

Specific Magnet Features

DSA33O 2H+ButtLT one side 2290 2H+2LT 2290 one side G-1O Standard None

DSA331 3NP Cr one side 2NP Cr one side + 2NP Cr one side G-1O/Sp. ATM Standard None

DSA332 2H+ButtLT one side 2290 2H+2LT 2290 one side G-1O Standard 2 Lars single element

2 Sheldahl single element

DSA333 2H÷ButtLT 2290

both sides

2H+2LT 2290 both sides 0-10/Torlon Only 1 layer of kapton

between strip heater

and outer coil.

2 Sheldahl single element

2 Sheldahl triple element

DSA334 2NP+ButtNP Cr both sides 2NP÷2NP Cr both sides G-1O/Cryorad Only 1 layer of kapton

between strip heater

and outer coil.

All Sheldahi single element

2 standard .001 thick

2 .0005 thick



Coil Sizes and Shims

Maqnet No.

Coil Sizes

Lower OuterUpper Inner Lower Inner Upper Outer Inner

Coil Shims

Outer

Total Coil Package size

Inner Outer

DSA33O 12 11 -5.8 -8.6 0 5 11.5 -0.75

DSA331 9.8 10.9 -3.8 -1.5 0,5* 0 17.75 -2.65

DSA332 12.4 10.9 -11.9 -11 0 10 1.65 1.45

DSA333 7.2 6.6 -5.3 -6 2 4 8.9 -1.65

DSA334 11.7 11 -5.8 -4.5 0 4 11.35 -1.15

*The lower inner
was .005 smaller

coil in this magnet was built with a wedge which
than the design size. This coil had a shim of 5 mils while the upper shim was 0.

All values in thousanths of inches

Goal was .009 larger than the master for inner coils
and .001 smaller than the master for outer coils.



Assembly Procedure

1. Preform coils.

2. Wind coils with 85 lbs tension. This is more than was used
for long coils but the same as the glass tape short coils.

3. Cure coils. Curing cycle was the same as with glass tape
coils for the kapton with 2290 adhesive. Cryorad adhesive
requftes a slightly higher temperature

4. Measure coils azimuthally, radially and longitudinally.

5. Assemble coils, insulate and add strip heaters.

6. Add collars and strain gage packs.

7. Press and key coils. Procedure same as ASST style
magnets.

8. Install end clamps.

9. Yoke magnets.

10. Add end plates and bullet end force gages.

11. Final electrical checks.
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Coil Stresses during Assembly
Peak Stresses during Keying Stresses After Keying j Stresses after Yoking Total Coil Package size

Magnet No. Inner coils 1Outer Coils Inner coils Outer Coiisjjpner coils Outer Coils Inner coils 1Outer Coils

DSA33O 15.5 17.7 7.1 9.3 8.4 9.3 11.5 -0.75

DSA331 18.5 10.5 10.1 5.1 11.4 5.1 17.75 -2.65

DSA332 16.5 17.8 8.3 11 9.7 10.7 1.65 -1.45

DSA333/1 19.6 14.1 13.8 7.2 12.3 6.7

DSA33S/2 18.3 15.2 10.1 6.7 11.4 7.2 8.9 -1.65

DSA334 18.2 17.1 10.9 10.8 11.6 10.7 tLS t.%S

All values in ksi.

Design goals were 8-12 ksi for inner coil
and 6-10 ksi for outer coil.



Alternate End Part Materials in FY92 Short Models TS-SSC 92-083 ft Bossert 10-6-92

Below Is a list of all coils from FY92 which contained end parts other than the "baseline" machined C-b:

Coil No. Magnet No. Date comp.
Material
Used Notes

Cable Insulation
Used

IM-50-126
Inner Coil

None 8/1 6/91
Stycast on Return End
Coated Aluminum lead end key
polyphenyleno sulfide

Stycast only on key, spacer #3 and saddle.
Other parts filled In with G-1O.
Coil was not sectioned

112 lap H film
Butt lap glass tape

1M-50-127
Inner Coil

None 9/6/91
Spaulding RTM 102 on return end
Coated Aluminum on lead end key
epoxy ester

Spaulding RTM only on key and saddle.
Other parts filled in with G-lO.
Coil was not sectioned

1/2 lap H film
Butt lap glass tape

SSCL outer
coil. No FNAL
number.

None 9/1 0/91
RTM "Cryorad" on Return end
Saddle. Outer Coil.

ATM part only on return end saddle. Cryorad adhesive
Other parts will be filled in with G-l 0. Insulation ?
Coil was sectioned and delivered to F. Nobrega.

1 M-50-l 28
Inner coil

None 9/2 0/91
Spaulding RTM 101 on return end
Coated Aluminum on lead end key.
Dupont polyimide varnish

Spaulding RTM only on key and saddle.
Other parts filled in with G-1 0.
Coil was not sectioned.

1/2 lap H film
Butt lap glass tape

1 M-50-1 29
Inner coil

None 10/1/91
Amoco Torlon machined by VMS on
return end. Coated Alum. on lead
end key.

All return end parts are Torlon
Coil was potted and sectioned.

1/2 lap H film
1/2 lap H film w/adh
2290 on one side.

1 M-50-1 30
Inner coil

D8l340 1 0/1 5/91
Green Tweed Anon PEEK
machined by VMS on return end.
Coated aluminim on lead end key

All return end parts are Arlon.
Coil was potted and sectioned.

2/3 lap H film
1/2 lap H film w/adh
2290 on one side.

1M-50-131
inner coil

D51340 11/12/91
Machined G-10 on all parts except

coated aluminum keys on

both ends.

2/3 lap H film
1/2 lap H film w/adh
2290 on one side.

1M-50-135
Inner coil

DSA33O 1/20/92
Spaulding RTM 101 on return end Spaulding RTM only on key and saddle.

Other parts filled in with G-1O.
1/2 lap H film
Buff lap LI film wI adh
2290 on one side.

1M-50-136
Inner coil

DSA3SO 1/23/92
Spaulding ATM 101 on return end Spaulding RTM only on key and saddle.

Other parts tilled in with 0-10.
1/2 lap H film
Buff lap LI film wI adh
2290 on one side,

1M-50-143
Inner coil

DSA3SS 9/1 0/92
Amoco Torlon machined by VMS on
return end.

Magnet cold tested at FNAL. 1/2 lap H film
Butt lap LT film wI adh
2290 on both sides

IM-50-144
Inner coil

DSA333 9/I 5/92
Amoco Torlon machined by VMS on
return end.

Magnet cold tested at FNAL. 1/2 lap H film
Butt lap LT film wI adh
2290 on both sides

1M-50-147
Inner coil

D8A334 8/1 5/92 ATM "Oryorad" on return end key
and saddle.

Magnet cold tested at FNAL.
Parts supplied by F. Nobrega.
Other parts filled in with G-lO.

1/2 lap Apical NP film
Butt lap NP film wI adh
Cryorad on both sides

I M-50.246
Outer coil

DSAS34 8/20/g2 RTM "Cryorad" on return end key
and saddle.

Magnet cold tested at FNAL.
Parts supplied by F. Nobrega.
Other parts filled in with G-lO.

1/2 lap Apical NP film
Butt lap NP film wI adh
Cryorad on both sides



Iteration #2 End Part Design

Program BEND accepts input to locally change the cable shape. Both
keystone and midplane thickness can be altered independently as shown.
The changes are input based on empirical data.

Revolves
around
mid plane

Solid Line -

Betore
Change

Dotted Line
- Alter
Change

Keystone Chanae Midniane Thickness Change

Original end designs on 40mm SSC dipoles were done using the
nominal shape of the cable as compressed in the straight section.
Changes in end parts for 50mm coils were made based on observations
of sectioned 40mm ends. A second iteration of the 50mm was made
with changes based on observations of the original 50mm ends. The
keystone angle was made smaller dekeystoning and the conductor
midthickness was increased. Percentages are shown for both the
iteration #1 and #2 designs. iteration #1 was used for the ASST
dipoles. Iteration #2 was used in one "off line" coil in FY92.

Iteration #1
Inner

Iteration #1
Outer

Iteration #2
Inner

Iteration #2
Outer

% Dekeystoned,
Mid-group 40% 40% 90% 90%

% Dekeystoned,
At Nose

30% 30% 80% 80%

% Midthickness
Increase, Mid-group

2.7% 2.7% 6,4% 5.9%

% Midthickness
Increase, At Nose 0% 0% 7.4% 5.1%

Solid Line
Before

After
Keystone
Change
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PRESTRESSCHANGE WITH COOLDOWN
1.5 m Long , 50 mm Aperture

SSC Model Dipoles Tested at Fermilab

Coil Stress Change MPa End Force
Magnet Inner Coil Outer Coil Change kN

DSA321 -19 -14 -1

DSA323 -30 -10 0

DSA324 -33 - 8 1

DSA326T 1 -34 -25 4.8

DSA326T 2 -37 -23 5

DSA326T 3 -36 -22 -2.5

DSA1O1T 1 -35 -22

DSA1O2Tl -49 -18

DSA328T 1 -36 -8.5 6.6

DSA329çr "34 -16 1.4

DSA329 -35 -17 1.1



PRESTRESSCHANGE WITH COOLDOWN
1.5 m Long , 5 cm Aperture

SSC Model Dipoles Built &Tested at Fermilab
"POST-ASST" Design

Coil Stress Change MPa End Force
Magnet Inner Coil Outer Coil Change kN

w C W C W C

D S A 3 2 9 T 1 "34 67.4-33 37.8-22-i6 4.3;5.7 + 1 . 4

D S A 3 2 9 T 2 "3 5 67.4-33 37.8-22-i 7 5.6;6.5 + 1 . 1

D S A 3 2 9 TC1 33 66.4-33 39-17 22 4.9;6.3 + 1 . 4

D S A 3 3 0 T 1 - 2 856.4-28.2 63.3-46.817 4.4;3.O - 1 . 4

D S A 3 3 1 T 1 -36 80.6-44.7 34.9-22"13 5.1 ;6.4 + 1 . 4

D S A 3 3 1 T 2 39 82.2-33 30.5-20.8-i 0 6;6.9 + 1 . 0

DS A332r 1 -2760-33 73.O-65.0 8 4.3;5.9 ÷ 1

D S A 3 3 3 T 1 - 1 376-62.7 49.4-25.624 6;6.9 + 1 . 0

D S A 334 T 1 ‘"3978.8-40 74-52 -22 5.2;6.1 + 0 . 9

D S A 3 2 3 TC1 39 77-38 38.0-29.09 4.1 ;8.4 + 4 . 3
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TABLE I. Salient Featuresof Post-ASSTModel Collider Dipoles Built by Fermilab

Magnet SpecialFeatures PoleShim
mm

Inner/Outer

Coil Insulation

323

323Bt

squarekey

intermediatekey

0/ 0
ft.,

+0.13 / -0.13

KaptonH film + epoxy impregnated glasstape

329

329B

1-Piecekeys

2-Piecekeysi
+0.09/ 0
3’fwiif

KaptonH film + epoxy impregnated glasstape
and Kaptononly on all wedges

330

332

B

moldedkeys and saddles1

G-1OCRsameas ASST

moldedkeys andsaddles2

0/ ÷0.25
aci’vi

0/ +0.51
2X I’ Otu

tN°"4

All magnets:Kaptonwith scotch2290; curesat 1350 C

In coil=2H+buttLT oneside;out coil = 2H+2LT oneside

DSA333all sameexceptIn coils=2H+buttLT both side

Apical film with Cryoradadhesive;curesat 140-1550C
331

334

G-1OCRendpart

moldedkeysandsaddles3

+0.13/0

0/ +0.20

En coil=3NP+buttLToneside; outcoil = 2H÷2LT oneside

In coil=2NP+buttNPboth side
Out coil_= 2NP+2NP_1-side

1 = Spaldingpart; 2 = Torlon part; 3 = Cryoradpart
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Quench current Iqi as a function of temperature! The
temperature dependenceof quench current for these magnets is
about 18%/K. Data is not corrected for temperature dependence
since temperature variation from quench to quench is within 20-
4OmK. Lab2 cryogenic temperature monitoring systemis good to
within 10 mK[8]. The measured difference in plateau quench
current AIq is well above the predicted AIq basedon short sample
magnet performance, in the normal temperature range 3.8K. This
showsthat the magnetshave reached the conductor limited quench.
DSA329and DSA329Bwere quenchedat 3.0K aswell. The highest
quench current on DSA329 at 3.0K was 8926 at 25 A/s and it was
still training when testing was stopped.
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The change in pressure, with excitation, of outer coils of some
magnetse.g.DSA331 is very small as compared to their respective
inner coils. This behavior in outer coils can be due to lack of contact
between the collar and the yoke in the vertical direction[4].
Pressurechangesin inner coils during excitation are correlated to
their initial prestresses.As it can be seenin Fig.1 that magnetswith
higher initial prestress tend to loose more pressure during
excitation.The force measured,by the bullet gages,betweenthe coil
end clamp and the end plate, shown in Fig. 2, increases in
proportion to current squared. The longitudinal force in the end
increasesby about 20 kN when the magnet is at 7.5 kA, while the
total end force is estimated[5] at 3 kN / kA2. This is a small
fraction of the total electro-magneticforce in the coil, as most of the
axial force is transferred to the shell through friction betweencoil
and the support structure. Bullet gage preloads changed over
thermal cycle in 0SA329, 331 and 332, but it does not seem to
changethe magnet’s quench performance.
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DSA323 was unkeyed and reassembledas DSA323B with similar
pole shims, aluminum end can and collar keying table I as
DSA324. Since the cable used to wind the DSA323 and 324 coils
were from the samereel, one would expectDSA323Bto behavein a
similar fashion as DSA324. Previously DSA323 quenched on the
down ramp after exceeding7 kA many times without quenching[3].
For DSA323B the averageprestresson inner coils was doubled and
it was lowered for the outer coils. DSA323B was successfullycold
testedwithout any down ramp quenches.The exact causeof down
ramp quenching is not clear. It could be related to either the
stainlesssteelend clamp or lower prestressin the inner coils.
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Design Changein DSA329 2-piecePole End Key

The first quench in DSA329B 6438A is located near the return
end voltage tap, very closeto the collet end clamp and the collared
part of the coil, near the pole end key. Most likely this is due to a
designchange,in which the pole end key which usedto be a single
piece,was madeinto a 2-piecekey. Since it can not be ensuredthat
the end key is seatedproperly during assembly,we suggestthat the
quench occurs as the key movesinto a stable position. Similar
behavior was observedin Fermilab built long magnetswith 2-piece
key. A 2-piecekey might aid in assemblybut it seemsto degradethe
magnet’s performance.
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Coil Stressvs. Magnet Excitation
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INNER COLLAR GAGES
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END FORCE vs. MAGNET EXCITATION
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END FORCE vs. MAGNET EXCITATION
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QUENCH PERFORMANCE OF

"POST-ASST"

DESIGN 5 CM MODEL DIPOLE

Tariq S. Jaffery
Fermi National Accelerator Laboratory

Review of Short Model Dipole Test Results
October 27, 1992
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EMAL 50mm SHORT DIPOLE TRAINING QUENCHES
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Predicted Iq vs Temperature
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Studiesof AC Lossesand Ramp Rate
Dependenceof 1.5m Model SSC

Collider Dipole Magnets at Fermilab

10/27/92

JoeOzelis
FNAL



AC Loss measurementswere performed on
several of the 1.5m model SSC dipole
magnetsbuilt by Fermilab, with the following
objectivesin mind:

* Define operational limits for SC magnets
under AC operation

* Provide useful design information for the
magnetsto be built for the SSC HEB High
Energy Booster

* Provide a means for correlating measured
eddy current 1ossswith pmp rate effects
on quench current



How is this to be done?

Energy lossesin SC magnetscan be observed
çiectpically as the difference between energy
injected into the magnet and energy
extracted from the magnet during a ramp
cycle. - El/ED

Integration of the product of magnet voltage
and current over a closed ramp cycle yields
this energy difference:

U=5Vt *Itdt

/nla,c47v ova .4 Ccne C.VCte so

1C
tif

Where do these lossescome from ? What is
the mechanismthat leads to an energy loss in
a superconductingmagnet?


