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Introduction

Several epoxy-free magnets of 76 and 130 mn diameter have been constructed and
tested at Lawrence Berkaley Laboratory /1,2,3/. This report describes results of
tests at 1.8 and 4.4 K on two recently completed magnets and presents some ezrlier
d2ta on heater induced guenches also at 1.8 and 3.4 K.

The epoxy-free magnets constructed have been quite similar but each has certain
unique characteristics as described in Tabla I. Al the coils are made of 23
strand Rutherford cable, of approximately the FNAL size, which is insuiated with
both kapton and mylar. (The coil 8-70 had a small quantity of epoxy on the mylar
insulation). The terms used to describe the conductor in Table I refer to the
coating on the individual strands. The zebra conductor is made of wires coated
with either Stabrite or Zbanol (copper oxide). The copper nickel (CuNi) comductor
for D-7G is made of strands of wire having the same configuration as the wire in
the Brookhaven [sabelle braid. In addition to a CuNi nuter jacket, this wire has
fewer but larger (18 um vs. 10 ym diam.} filaments than the conductors in the other
coils constructed in this program. All the coils fabricated in this program,
excent D-7G, reached 95% of shart sample in 7 or fewsr guenches.

Table
Characteristics of L5t Oipole Magnets

Magret Inner %. of Conductor Compressive Compressive
Designation ODiameter iayers Preload Preload
{mm) (MPa) {psi)
0-7A 76 2 Stabrite 35 ( 5000)
0-78 76 2 Zebra 35 ( 5000)
0-7C 76 2 Stabrite 104 (15000)
c-70 76 2 Stabrite 104 (15000)
0-76 7€ 2 CuNi shell 104 (15000)
-84 130 3 Stabrite 43 { 630c}
0-35 130 3 Zatra a ( &000}

Tects of 0-88

The testing of D-8B consisted of studying t:: training behavior of the cail,
monitoring the energy ceposited in the coil before and during transitions, and
reasuring cyclic 1osses. The training of D-8A anc D-RE are shown in Fig. 1. Rath
coiic reached ahcut 95% of the 4.4 K short sample in 6 quanches. After the initial
sot of tasts shown in Fig. 1, D-BB was warmed to room temporature, partially
dicasseabied and reasserbled with much higher compressive load. !lany of the
cuenchos in D83 during a second test sequence were mnnitcrad un a new data
acmisition systen with a sempling rate of 230 kHz end exhibited a precursor pulse
in thz inaer lzyer of the coil. The<e pulses, which we assume 2rz due to conductar

o, lastad froam 0.2 to 1,0 asec and hod t290s up to 1.4 ¥. The rnerqy
4 during these arecursor pulses ic given n Tante 11,
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Fig. 1 Quench performance of D-8A and D-8B
130 mm bore accelerator dipole model coils

A1l the coils listed in Table [ are thought to be quite well constrained in the
straight sections, but are relatively loose at the ends. Thus it is nossible to
have all or part of an end move. The large, 9.8 J precursor pulse associated with
quench riumber 34 corresponds to a change in area, at 6 T, of about 3.6 x 10~ .
A motion of 0.36 mm would be required if this change were due to the collective
movement at one end of the coil of all 67 turns in the inner layer. The ends of
the coils had moved oputward during the tests; hgwever, no 2ccurate measuremants
were mada before the tests so the extent of the motion could not be determined.

Table 11

Enargy release during quenc. producing disturbance
in dipole magnet D-88

Quench Current Temperature Energy
tiurber (A) ) {J}
28 3650 1.7 4.5
3 4075 1.7 6.3
2 4194 1.4 5.1
24 ann i.8 a.a
43 2910 6.4 0.03
& 28748 4.4 n.11
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Table [l shows a large difference in the gprocursor energy for quenches at 1.8
and 4.4 ¥, Even though the guenck currents correspond to about the same fraction
of critical current, the quenches at 1.8 K were triggered by svents with 40 to 20D
timas as rmuch energy as those that preceaded the 4.4 K quenches. This observation
is not as ralavant as it may appear to bs because the data acquisition system did
nat trigger on non-quench inducing signals thus we cannot detarmina the actual
disturbance spectrum,

Tests of D-7G

The training behavior of D-76 and D-7B are shown in Fig. 2, The training of
0-7G is very slow as compared to 0-7B and all the gther coils and is characteristic
of the very unstable conductor, Similar training was observed in short sample
tests of this conductor at Brookhaven /4/, The cause of the poor stability of this
conductor is not known; however, both the copper nickel shell and the large
filaments are suspect. Tests of coil D-7G are still in pragress, Lut we have not
yet seen the large precursor pulses in 0-7G that were observed in D-88. This
absence may be due to the inherent instability of tne conductor, smaller
disturbances are required to cause quenches, or to the fact that the coil is very
well clamped, and cannot move.
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Fig. 2 Quench performance of 0D-78 and G-7G 76 mm
bore accelerator dipole model coils



Heater Tests

Electrical heaters having a length of 5 cm were built into the 074 magnet in
the high-field region between the center island and the first conductor turn. For
heat pulses longer than about 250 ms, the quench current depended on the power
dalivered to the heater, whereas for shorter times it depanded on the eneray.
Table III contains the heater energy required to quench the coils in helium I and
{I at verious magnet currents. Because the thermal contact between the heater and
the conductor was poor, a quancitative interpretation of the data is not possible
but it is clear that for similar currents and fields appreciably more energy is
required to initiate a quench in He [I than in He I.

Table III

Pulsed and Continuous Heat Input Required to Quench
2 Superconducting Dipole D-7A

1 Helium 1 Helium 11
<250 ms 1 sec Cont. <250 ms 1 sec Cont.

2007 A 220 m3 1200 mj

2000 A 180 mj 750 mj
20n0 A 120 mj 390 mj 0.45 W 220 mj 1000 mj 1.3 4
4500 A * 90 mj 270 mj
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