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ABSTRACT

A superconducting racetrack dipole coil was constructed to
compare directly training and quench behavior in potted and
non-potted coils. The stored energy of this coil was 175
KJoules at the conductor's short sample limit of 238 Amp
with a peak field on the coil of 7.6 Tesl- The outward
magnetic forces were restrained by row* ,;t ^e rods between
side plates. Comparisons of training l.ehavi r were made
for both steel and aluminum tie rods, m- ' îai flow was
provided by channels in the fiberglass cable tape allowing
1/4 of the conductor direct access to the helium supply.

After training the coil to 90% of short sample limit, the
tie rods were relaxed and the entire coil was vacuum im-
pregnated with a standard clear magnet epoxy. After potting,
the previous tie rod preloads were re-established. This
resulted in a much shallower training curve, and required
retraining after thermal cycling. The unpotted coil showed
no evidence of internal quench propagation below 80% short
sample, whereas the potted coil exhibited good quench propa-
gation and energy dissipation at all currents, simplifying
protection strategies.

We conclude that fully impregnated coils of this design ave
not practical for thermally cycled magnets designed to
operate above 80% of short sample limit.
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Summary

A superconducting racetrack d ipo lc c o i l was ron-
structed to corjiare d i r e c t l y tra in ing and quench be-
havior in potted and non-potted c o i l s . The r.tored
energy of t h i s c o i l was 175 KJoulas at the conductor's
short sample l irait of 233 Amp with <•. peak f i e l d in the
c o i l of 7 .o Tes la . The outward magnetic forces were
res tra ined by rows of t i c rods between s i d e p l a t e s .
Comparisons of tra in ing behavior were made for both
s t e e l and alu.-itinum t i e rods. Helirm flow was provided
by channels in the f i b e r g l a s s cable tape a l lowing one-
quarter of the conductor surface d i r e c t a c c e s s to the
helium supply.

After tra in ing the c o i l t o 90% of short sample
l i m i t , the t i e rods were relaxed and the e n t i r e c o i l
was vacuum impregnated with a standard c l e a r nagnet
epoxy. After p o t t i n g , the previous t i e rod preloads
ware r e - e s t a b l i s h e d . This resu l ted i n a shal lower
tra in ing curve, ap.d required re tra in ing a f t e r thermal
c y c l i n g . The unpotted c o i l showed no evidence of i n -
ternal quench propagation below S0% of short sample,
whereas the potted c o i l exhibited good quench propaga-
t i o n and energy d i s s i p a t i o n at a l l c u r r e n t s , s impli fying
protection strategies.

We conclude that fully impregnated coils of this
design are not practical for thermally cycled magnets
designed to operate above 801 of short sample limit.

Coil Construction

A flat racetrack superconducting coil was wound
around a stainless steel form producing the coil cross
section of Figure 1. The superconductor v.as fabricated
into a cable consisting of 15 strands. Each strand was
0.040 inch in diaiwter with a copper to KbTi supercon-
ductor ratio of 3 to 1, and was individually insulated
with Nyform before cabling. The cable was spiral
wrapped with a B-stage cpoxy loaded glass tape of 0.007
inch thickness allowing helium channels to contact ap-
proxioately ore-quarter of the cable surface. The
coils were arranged in eight double layer flat pancakes,
ftfter winding the cable at 75 lbs. tension and curing
the B-stage epoxy, the individual strands of each
double pancake were connected electrically in series.
The eight pancahe coils were then connected in series
producing a low current nagnet configuration. A simi-
lar scheme has been used in psferences 1 and 2. The
outward magnetic forces were restrained by carbon steel
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Fig. 1. Coil Cross Section

•Operated liy Universities Research Association, Inc.
Under Contract with U. S. Department, of f.norgy.
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plates connected by 19 pairs of either stainless steel
or aluminum tic rods. The maximum field point in tlia
conductor package occurs on the magnetic oidplanc at
the cci.lcr of the end turn. The effects of saturation
of the steel plates on the nmgnetic field distribution
within the coil are negligible.

Coil Parameters

Configuration

Coil Length

Number of Strand Turns

Inductance

Racetrack Dipole

36 inches

3600

6 Henries

Average Short Sample Limit 238 top

calculated for the aluminum t i e rod;-.. The ctciiriler.s
steel rods however lost a l l preload under cooldown pro-
ducing » 0.015" gap at the outer conductor surface.

The observed training behavior ia thown in Figure 2.
After i n i t i a l tests with the stainless s tee l t i e rods,
the co i l was relaxed and the rods were replaced with
aluminum t ie rods at the same preload. This gave an
increase of approximately 20 Araps at corresponding
training quench nunbers.

At th i s point, the t i e rods and side plates were
removed, treated with mold release compound, and re-
torqucd to the original preload using Be l l ev i l l e washers.
The co i l was vacuum impregnated using a clear, unfi l led
epoxy*. After curing, the Bel lev i l le washers were re-
moved and the aluminum t i e rods were reinstal led to
original preload.

Central Field

Maximum Field in Coil

Stored Energy

5.1 Tesla (at ss)

7.6 Tesla (at ss;

175 KJoules (at ss)

Compression and Training Behavior

The t ie rods withstood the outward magnetic
stress of the coi l arid also provided an inward preload
on the conductor package. Eath stainless s tee l and
aliminira sets of 3/4 "-10 KC threaded rods torqued to
50 f t - lbs . ware employed for different t e s t s . Tliis
produced a 630 psi room teiroerature preload on the coil .

Osing measured properties of the coi l package , an
additional cooldown preload of 220 psi on the coil was

The training behavior of the potted co i l showed a
shallower in i t ia l slope than for the unpotted c o i l s .
85% of Short sample l i n i t was reached after 50 quenches,
as compared to 10 quenches for the unpotted structure.
This shows the added quench s tabi l i ty of the open co i l
geometry. The potted c o i l attained essent ial ly the
short sample limit after 75 training quenches. K3wever,
on subsequent cooldovns, i t required retraining from
about the 85% level .

Quench Behavior and Protection

Superconducting magr.t .s may be protected e i ther by
interr..-.J quench propagation or by external res istors to
prevent damage curing quenching. The external quench
protection scheme employed i s shown in Figure 3. Small
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Fig. 2. Tr.iining Behavior



0.0C>'> incli di.inn-lcr um 'mli-il cc>|.p.-t r-.ifi-ty )>MII'; cuii-
necleil th" junctions t«'twrcii c.i.h chviiilc1 |Airi"-.i>:e roil
with the i-xtern.il re'-.ir.tor v.triwi. After <i tiiii-ncli i s
detected, tl»- SCK switch is oiH-m'd forcing tho dun-lit
to ck.-c.iy through Itv rjtriii.il registers . Thr iinliviil-

U safety lcul-, ol low KIW: cuii-iit to be shunted
.ojiiid thr quonchod section of uui".Tcon'!»ctor, th.-rcby

minimizing the teni;»riiluri.- rise in the qufnehed section
and rviUicincj the chance of a turnout. ["Hiring the
quench tc:;ts, the mra!»:r of w i i t y le.id^ anJ the values
of tho external rr-sir.tors were varied. The quonrh^s
were initiated by spontaneous training quonche:; or by
snull stainless steel heaters j.l.icreo on the coil endb.
Estimates of the upper limit for the coi l temperature
in the quenched region were radc using the theory of
Reference 4 using the integral of tho measured current
squared over tho time of the current decay.

The maximum temperature estimates during training
quenches are sho«r. in Figure 4. This used eight sep-
arate resistors totaling 2.56 china (T = L/Ke>:t ~ 2.3 sec).
The maximizn tenoerature was calculated for the quenched
section. The unpotted coil exhibited l i t t l e internal
quench propagation below 190 tops (801 ss) . The dotted
curve represents the iraxinun temperature expected where
only the external resistors contribute to the current
decay. Above 80% ss , the unpotted co i l shows apprecia-
ble quench propagation, attaining an internal resis-
tance of about 2 ohr.s at 2 seconds after the quench.
The potted coil exhibits good internal quench propaga-
tion even at low currents, and agrees with the unpotted
coil above 80% ss . The quench propagation threshold of
190 Amps corresponds: to a heat transfer flux of 0.8-0.9
watts/cm1 from the conductor surface to the liquid heli-
um. This is larger thar. the r.aximum heat transfer
coefficient for nuclear coo!ing s tab i l i ty as measured
by Whetstone and Boora s .
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Fig. 3. Cxtvrriiil gw.-n-jh Crcit-ction Scheme

Thr ;/iCfty lf . i l ; wi*r«' n.-muvod and tho coil:- viere
|'iot«'ctf(l by n single viiii/ible external icaiatox. Tho
maxinium coil ti>mper.!turf S'ohivior iu shown in Fi'jun.- &
for l'Oth s|'ont ^nouus arid heater imluLL-J quciichoG .it 90"t
of Rh'>it ::.miiilc. The total external rc^Uitance wjo
qrar'uiilly trdurc-d 1<_-uling to a s l ightly lncrcoi.iiKj max-
imum tfn; f-riiturf. Tic rooistorn wort" completely re-
moved ciiul replaced by <• diode for Um pottod co i l . The
m-ixiciiiri U'w;;i_r<iture v..)r. s t i l l quite low indic.it incj that
the potted t o i l will safely absorb i t s own total stored
energy during quenching without external protection
circuitry.

Conclusions

This study examined the effects of potting on the
performance of superconducting magnets approximating the
inductances of beamlino ar.c? accelerator dipoles .

The high rate of internal quench propagation sim-
p l i f i e s protection schcr.es for the potted coi l at a l l
excitations. A quench propagation threshold of 80'. of
short sample exists for the geometry allowing open heli-
um flow. This was also observed for o large dipole of
the typo described in Reference 1. The external energy
dump circuitry must provide protection at low excita-
t ions .
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