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FNAL Short Magnet Program (FY92)

1) Evaluate alternate conductor insulation systems.
o Eliminate glass tape
0o Maintain low cure temperature (<150 C)

2) Evaluate alternate end part materials

0 Injection molded

o RTM
3) Next iteration of "developable surface" end parts
4) Miscellaneous tests

0 Rebuild DSA323 (down ramp quenching)
o Rebuild DSA329 (test effect of 2-piece pole end key)

5—Cenductor-placement-studies Canceled



Why change the insulation?

> Glass tape is perceived to cause shorts during coil
manufacturing,

> A system which has a greater punch-through strength is
desirable.

> Large friction between glass tape and mold cavity may result in
a less uniform conductor azimuthal distribution.
=> Systematic shifts in the allowed harmonics.

> High cure temperatures (DuPont/BNL system) may enhance AC
losses.

> High cure temperatures may require more expensive coil curing
system or longer cure cycle.

> A thinner insulation system would allow cross-sections with
higher current density to be designed.

> Based on these considerations we chose to use a polyimide
film with adhesive coated directly on its surface.

" Corl Souys: €pory (Tw 3’45} +tage ) rtaures reSrcecatron
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Insulatioh Development Program

1) Choose several insulation systems to test in magnets.
{3 10-stack studies of insulation creep.
1 test coils to set molding parameters.

2) Build 5 short magnets using 4 insulation systems.
3) Build 4 long magnets using 2 insulation systems.

4) Evaluate test results with respect to:
@ Assembly issues (ease of winding, cured coil integrity,
etc.). . .
@ Pre-stress relaxation. decrease w K Ltiwg
@ Field quality (agreement with calculations, reproducibility).
® Quench performance.



Table I
Insulation Types Tested

Inner Wrap Outer Wrap Designation in

Over- Over- Table IT and
Film 1lap Adhes. Film lap Adhes. Magnets the Figures
H 50% - Glass butt epoxy [a] 2H - |1FGe
| 50% - LT butt 2290 [b] 20 - |1LT1e
NP 50% - NP butt 2xCR [c] 2NP- |1NP2c
NP 66% CR - - - [d] 3NPic
H 50% - LT butt 2x2290 [e] 2H - |1LT2e
H 50% - LT 50% 2290 [£] 2H - |2LT1e
NP 50% - NP  50% 2xCR [& 2NP- |2NP2c
NP  50% CR NP 50% CR [h] 2NP1c|2NPlc
H 50% - LT  50% 2x2290 [i 20 - |2LT2e
NP 50% - NP 50% CR none 2NP- |2NPlc

Films

H = DuPont H-film Kapton

LT = DuPont LT-film Kapton

NP = Allied Signal NP-film Apical

Adhesives

2260 = 3M 2290 epoxy on one side

3N 2280 epoxy on both sides
CR = Allied Signal Cryorad on one side
2xCR = Allied Signal Cryorad on both sides

Magnets

[a] Tevatron, HERA, ASST, UNK

(b] DSA330,332, DCA320,321 inner coils
[c] DSA334 DCA332,323 inner coils
[d] DSA331 inner coils
[e] DSA333 inner coils
[£] DSA330,332, DCA320,321 outer coils
[g] DSA334 DCA332,323 outer coils
[h] DSA331 outer coils
[i] DSA333 outer coils




_Field Quality Issues

1) Thinner insulation
=> Wedge shims are used to keep the current blocks at the

same average position to match the coil end parts.
=> Allowed harmonics change.

2) Insulation thickness varies a little among the insulation types,
and the molding parameters are not perfectly known.
=> Pole shims (made of Kapton) are used, and are different
from magnet-to-magnet.

3) It is conjectured that the lower friction in the mold will result

in harmonics that are more reproducible and closer to the design
values.

* However, corrections must be applied for pole shims
before using the data to evaluate this hypothesis.



Original coil geometry
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ModiFied coil geometry
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Expected Harmonics with Thinner Insulation
and Wedge Shims

(Calculations done by Akbar Mokhtaranif using a pro'gram written
by Allen Riddiford.)

Original New  Difference

by 0.23 2.14 +1.91
by 0.06 0.42 +0.36
be 024  0.039  +0.036¢3

bsg 0.040 0.068 +0.018

¥ A'. Mo’ﬂhtlrﬂn.\’ E'F‘Fet‘f 0$ RJMC;&j CLLI& 'U\defa.'v\, P e}
Harmonlt GeSSicients in SU mm 55¢ Mujnrﬂ‘s) Ts-35¢ 12-02€,
2/ 24faz



- 6" Warning: The use of wedge shims and pole shims may
compromise the quench performance:

* Wedge shims are extended into the ends using several
layers of Kapton tape, whose ends are staggered.

* Pole shims are is some cases extended into the ends, but
this was not always possible. (The shim thickness is not
known until after the coil is molded, and often the pole-
end key is too well bonded to the conductor insulation to
allow the shim Kapton to be inserted.)

¢ These may result in a mechanical discontinuity at the
collar - end clamp boundary which may cause quenching.



CABLE INSULATION
CREEP STUDIES
REVIEW

by Richard E. Sims
at
Fermi National Accelerator

Laboratory

October 27, 1992




Revised 2/12/92

i i f T m:
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 polyimide insulation wrap can permit
lower insulation volume and allow an additional turn of
superconductor.

Perceived disadvantages of eliminating Glass Tape:

1

2
3
4,
5

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.

. £ oliminati T

[ ing all Polyimide Filun:

L.
2.

Greater high voltage breakdown in midplane.
Lower overall labor.

Although these experiments have shown that utilizing adhesive on
every layer improves creep, microscopic studies reveal "adhesive .
leakage” onto cable strands. An optimum configuration may be to
utilize adhesive on both sides of the outer layers of insulation with no
adhesive on the inside layers of insulation (per contribution by
Amanda Spindel.)
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MEMORANDUM

TO: R BOSSERT, L CARSON, J. STRAM, F. NOBREGA, £ G. PEWITT
M WAKE, P. SCHMIDT, A, SPINDEL

FROM: R. E SMS
DATE: 12-05-91
SUBJECT: DETAN.ED 10-STACK EXPERIMENT PLAN (Reviskan 2)
OPEAATICN:
10-STACK MOLD RUN  [11/7 - 11/15 50%. KAPTON H BUTT, GLASS 10K - 4K GT #6 (20% EFOXY)
150%, KAPTON H ‘BUIT, GLASS BK - 4K GT #7 {10% EPOXY)
50%, KAFTON H BUTT. GLASS 8K - 3K GT #4 {20% EPOXY)
50%, KAPTON H BUTT, GLASS 4K - 3K GT #5 {20% EPOXY
50%. KAFTON H BUTT GLASS 10K PSI - CONST. GT #5 (10% EPOXY)
50%, KAPTON H BUTT GLASS 8K PSI1- CONST. GT # [10% EPOXY)
BARE GABLE 10K - 4K BARE #1
BARE CABLE &K - 3K BARE #3
BARE CABLE 10K CONT, BARE #2 {RE-TAKE)
STEEL, MASTER HEAT RUN FOR
FIXTURE CALIBRATION 10009 - 4X SM #1
£6%. KAPTON H 50%, H+2200 10,000 H #1
68%, KAFTON H 50%, He2290 6,000 H #2
lso%. KAPTON H BUTT, Hs2250 10,000
50%, KAPTON H 'IBU’ITM 5,000
STEEL MASTER 6,000 Y}
2-HOUR
CREEP MEASUREMENTS [11/25 - 1214 ALL ABOVE STACKS
11721 - 12/02  |50% KAPTON HA BUTT, KAFTON LT 10,000 HA 50-1, HA 50-2
[50%. KAPTON Ha BUTY, KAPTON LT 8,000 HA_50-3
82%, KAPTON HA BUTT, KAPTON LT 10,000 HA #2 {(HA #1, BAD)
66%, KAPFTON HA BUTT, KAFTON LT £,000 HA #3
2-HOUR
CREEP MEASUREMENTS [12/4 - 12410 ABOVE 4 STACKS
REVIEW DATA 1212 CHOOSE "OPTIMIZED"
KAPTON SYSTEM
10-5TACK MOLD AUNS [12/10 - 12/28 50%, APICAL AV BUTT, APICAL NP.+220q 10,000
50%. APICAL AV JBUTT,APICAL NP+2290 8,000
B0%, APICAL AV BUTT,APICAL NP
+CRAYQORAD 10,000
50%,APICAL AV BUTT, APICAL NP
+CRYORAD 8,000
OPTIONAL 155%. APICAL AV BUTT, APICAL NP
+CHYORAD 10,000
OPTIONAL 86% APICAL AV BUTT, APICAL NP
+CRYDRAD 8,000
2-HOUR 1209 - 12111 ALL ABOVE STACKS
CREEP MEASUREMENTS WITH APICAL
EVALUATE 1212 - 1220 [POSSIBLY AUNOTHER
ALL ABOVE RESULTS STACKS AS A RESULT OF EVALUATION

* COMPARE TO BNL, RUN RCI 10-STACKS

“*ADD HI TEMP. POLYIMIDE ADHESIVE 10-STACKS
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" APICAL BRAND INSULATION COMBINATIONS BEING
STUDIED AS TEN STACKS

MATERIAL WRAR PATTERN(IN/OUT) | LAYER ADHESIVE
INNER OUTER | 2/ 2/2 3/1 372 | INNER OUTER
AV NP X B x C A4 Th usy covep
AN X X E <1 o i
NP NP [EE X RO)IPR Cey +TOVGHERT W ER+ouTER
N N LX) € C | HET iR oltanter £ e
NFE O NePST x X el -COMPAZES Colorad am NS
N T | ()< € 4TeusuesT WITH Best cevo
AT ] X)) C _E +lueedwvord pyas T
I BuT BoTH d aders Rorred
B T T een ey FoP. oUTEl- CoiLs
NP it [ O% C B [p=7 creBvE rve suzoc <

AV= APICAL BRAND POLYIMIDE FILM WITH TENSILE MODULUS OF 460 KPS . 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
T00AY MA-292717 1 MIL. AY NONE
100NP MA-292718 1 MIL. NP NONE
210 MA-292713 I ML, AY 0.2 MIL CRYORAD
210p MA-2927164 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

¥ MATERIAC IS UNAJALLAD L=

R.E.SIMS
1-16-91



10-STACK CURING AND MEASURING PROCEDURE

[sTACK # . {DaATE:

DESCRIPTION OF STACKS

Place Steei Master in press,

Ralse pressure & zero the probe.

1627 _ {3000)

"1.0000"

Raise pressure & Record

2170 (4000)

Raise pressure & Record

3254  (6000)

Ralse pressurs & Record

4340 (8000)

Ralse pressure & Record

5424 (10,000)

Ralse prassure & Record

FREREE

6508  {12.000)

Drop pressurs & Remove
Steal Master

Place 10-Stack In Press

|Raise Pressure & Record

]

1827 _(3000)

-5 sec

Ralse Temperature & Record

180 F

Ralse Pressure & Record

2170 {4000}

-4 36C

*Optlonal:
FAalse Pressure & Record

2254 (6000)

-3 sec

*Optlonai:
Raise Pressure & Record

4340 ({8000}

-2 sec|

*Optional:
{Ralse Pressure & Record

5424 (10,000

-1 gec

*Optionai:
Ralse Pressure & Recond

6504  (12,000)

Start counting "Cure Time"
when temp. exceeds 237 F

Contnue Ralsing temp, to

285 F

0 sec

Displacement as follows:
5 Minutes

10 Minutes

15 Minutes

20 Minutes

30 Minutes

31_Minutes/Lower Pressure

45 Minutes

60 Minutes

75 Minutes

80 Minutes

105 Minutes/Heater off, Cooler on

120 Minutes

135 Minutes

150 Minutas

ALLOW TEMPERATURE TO LOWER
TO BELOW 120 F AND RELEASE
PRESSURE. REMOVE 10-STACK
AND MARK THE STACK WITH



DISPLACEMENT (INCHES)
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TEN STACK STRESS RELAXATION WITH 12 KPS| FOR ONE

HOR (556 50nm INNER CABLE

00061 —

~ 0.0000

200001 —
m -

0 -0.0002

! =y SN
= . e " " . . \
2 0003 RS
T ¥

. 0.0004

000005

ass ueg
N TAPES

et s o

j pUFRLAT & T

%42 o §
BUT‘I' ..1 g;

srack i TW 5 NN
AN A 20 PN

— =G, 21 BGT, 0K 20%

G GTII2HBAT SK20%

ERGT12,112h,BGT 10K 10%
- GT9, 24 BGT 0% 8KPS|

- H3, /20 BH 10K

.
y 0.0006

K007 :
00

Mol Pre
W ER. P

_Rlsner.

m 00009 _\Jmu:» 1

g L0010

"y
T Tabealty
4 ;_-',,. :

'0 40011 -

a 20019 -

= -AS,?/SHA,BLT,GKPSI

" 0 -
, W

Lﬂ 0.0014

00015 |

F

Data from ‘STKRLXA.CGD'
RESMS 12274

R [ 1 T TTTH

1000
10000

THHE (SEC)

< HLA01 2R, LT 10K

N L s oees

- HLL{2HBLT, 0K

A 0-HAS2 J2HABLT 0K

+HAL11I2HA YeLT: e
2 2 2[3HA BLT, TOKPSI

BHL502 J2H LT 8K

5=
<-HLA3H JZHOKPS!
N4

tho03, | 2HABLT BKPSI

o ”KEHALMZHAJ/ZLT,BK

= HAG 3R BLTAK



VARIOUS KAPTON H AND LT COMBINATIONS VS CREEP

(cHioicesS cLose To DassLINE)
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COMPARING INNER COIL CREEP TO TEN STACK CREEP

(12 KPSI FOR 60 MINUTES )
4 INNER COIL CREEP
0004 =1 §TACK CHEEPx2033 COIL  EQUIVALENT MALERIAL VOLUME
| GENERALY. STACK 3K CREEP INDICATES ICOIL CREEP
| COIL 129,424 42K
T e DWITH DifSHY -
(VERY LOW HOLD PS)
0,003
&
L 0002 N w8l iem el o T 7i"f'zcou B,
T WO DI'SHM -
O oL 12 qu |
Z ‘ 051 SHM 3
~ c[%l% s’ﬁ?ﬁmm ol
ClOL 198, {oHpaT | -06
fﬂ 0.001 = ﬁs&uh'%
Ll i
o [©]
0 B
_____ 0,000 1 s
N ! < Iy
COISTCAP. GGG LAYERS OF KAPTON

RESIMS 21382



KAPTON CREEP VS CURE PRESSURE
TEN STACKS WERE CURED AT BOTH § KPSI AND

EEC)UIVA LENT COIL

A 10 KPSI AT 275 F FOR 80 MINUTES - .
VY I NOTE THAT LFSS LAVERS MEANS LESS
SENS] HWTY T0 MCLDING PRESSURE VARIATIONS
(WH'CH ALSO NEANS LESS VARMTIONWITH
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EEP FOR SELECT KAPTON STACKS
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crFECT OF ADHESIVE LAYERS ON CREEP

= ASSORTED APICAL STACKS
00020 _ & ASSORTED KAPTON STACKS

(INCHES)
|
|

s N NIV AL, e

LAYERS OF GLUE



 APCAL AND KAPTON STACK MODULUS OF ELASTIGITY

e |
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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.
.- adhesive can be found on the cable. (Could these small amounts of

11.

Removing the Glass-Epoxy tape increases stress relaxation as much as
2 fo 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. Stayin 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).

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

It appears that coils made with inner and guter 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. (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 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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Short Magnet Construction

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

¥ 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 magneis,
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.

¥ lteration #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

¥ Cable insulation which does not include glass tape.
- Some Kapton with Scoich 2290 adhesive

- Some Apical with Cryorad adhesive

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

¥ lteration #1 end part design (same as ASST).

¥ Some magnets had one piece end keys on inner coils.

¥ Some aliernate 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 insulation.)

¥ Alternate design strip heaters.

Made by two different vendors

Some with 1 element, some with 3 elements.
Experiments with different placement of sirip heaters.
Experiments with different element thicknesses
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Assembly Procedure

1.) Preform coils.

2.} Wind coils with 85 Ibs 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
requires 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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lteration #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.

Solid Lin
Bsfore Solid Line -
Keystone ; Eefore
Change Change
Revolves ; 3 Dotted Line ,:"'\ Dotted Line
around i After ' - After
midplane Keystone Change
Change
Keystone Change Midplane 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. lteration #2 was used in one "off line" coil in FY92.

lteration #1 | lteration #1 | lteration #2 | lteration #2

Inner Quter Inner Quter
% Dek n
» d-i;ri{;sgo o, 40% 40% 90% 90%
% Dekeystoned, 30% 30% 80% 80%
At Nose
Z Midinickness 2.7% 2.7% 6.4% 5.9%

Increase, Mid-group

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




Conclusions

¥ Coil winding and curing of "kapton only" coils
can be done in the same manner as the glass tape
coils if the curing mold shim is adjusted
appropriately.

¥ Cryorad adhesive, if cured at 140C (10C below
the recommended temperature), does not bond as
well as 2290, but bonds well enough to make an
acceptable coil.

¥ Several End part materials (Torlon, PEEK,
Spaulding RTM, Cryorad, coated aluminum) have
passed the curing cycle without damage.

¥ Short magnets have performed adequately with
Spaulding RTM and Cryorad end parts.

¥ All quenches in the magnet with Torlon end
parts were in the region of the parts, but the
reason is unknown.

¥ lteration #2 end part design has not yet been
proven to be superior to lteration #1, although
more study needs to be done.
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PRESTRESS CHANGE WITH COOLDOWN
1.5 m Long , 50 mm Aperture
SSC Model Dipoles Tested at Fermilab

DSA321
DSA323
DSA324
DSA326 (¢

DSA326

DSA326 ¢
DSA101 ¢

DSA102¢

DSA328

DSA329(TC1)

1)

2)

3)

DSA329qp

Inner Coil Outer Coil
-19 -14
-30 -10
~33 -8

-34 -25
-37 -23

-36 -22

1) -35 -22
n =49 -18
-36 -8.5
-34 -16
=35 -17

Coil Stress Change (MPa)

End Force
Change (kN)

4.8

-2.5

6.6

1.4
1.1



PRESTRESS CHANGE WITH COOLDOWN
1.5 m Long , 5 cm Aperture
SSC Model Dipoles Built &Tested at Fermilab
"POST-ASST" Design

DSA329q

DSA329

DSA329 B acy =33 6s6.4-33

DSA330«
DSA331a
DSA331¢
DSA332q
DSA333«

DSA334«

DSA323Bxcy =39 @733

Inner Coil

w ¢
c1) =3 4 (67.4-33)

b2) =3 5 (67.4-33)

r2) =3 9 (82.2-33)
c1) =2 7 (60-33)
sy =1 3 (76-62.7)

c1) =3 9 (78.8-40)

c1y =2 8 (56.4-28.2)

b1) =3 6 (80.6-44.7)

Coil Stress Change (MPa)
Outer Coil

(37.8-22~16
(37.8-22=17
(39-17)= 22
(63.2-46.8)=17
(34.9-22)=-13
(30.5-20.8)=-10
(73.0-65.0)~ 8
(49.4-25.6)~24
-22

(74-52)

(38.0-29.0)-9

End Force
Change (kN)

w Cc
4.35.70+1.4

(5.6;6.5) + 1.1
4963 +1.4
(4.4:3.00) =1.4
5.1;6.4) + 1.4
6;6.9) +1.0
(4.3;5.9)+ 1.6
6:6.9) +1.0

5.2;6.1) + 0.9

4.1;8.4) +4 .3
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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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Studies of AC Losses and Ramp Rate
Dependence of 1.5m Model SSC
Collider Dipole Magnets at Fermilab

10/27/92

Joe Ozelis
FNAL



AC Loss measurements were performed on
several of the 1.5Sm model SSC dipole

magnets built by Fermilab, with the following
objectives in mind :

. Define operational limits for SC magnets
under AC operation

. Provide useful design information for the
magnets to be built for the SSC HEB (High

Energy Booster)

- Provide a means for correlating measured

¢ddy current losses with ramp ra te effects

on quench current



How is this to be done ?

Energy losses in SC magnets can be observed
electrically as the difference between energy
injected into the magnet and energy
extracted from the magnet during a ramp

cyclee. —= EFI/FO

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

U= § V(2)-1(t))dt

t——-/ﬂmﬂm OVER A CLOos€D CYCle So
Ic = I,‘;

"Where do these losses come from ? What is
the mechanism that leads to an energy loss in
a superconducting magnet ?



