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Abatract

We have experismentally simulsted the wedge

regions of the winding of the Superconducting Super
Collider dipole and studled the propagation of
quenches in them. This study 1s relevant for proper

selection and design of the quench protection scheme.
The windinga of these 16.6 m long dipoles incorporate
copper wadges 1in order to achieve the required
sagnetic field uniformity, and the delay that they
impose on the transverae spresading of normal zones 1s
one of the pneeded data that we present here, Quenches
under constant currents were triggered wlth apot
heaters, and their development recorded from voltage
taps atrateglcally located. Currenta as high as 6 kA
were used. Under zero magnetic fleld conditions the
delays are too long for self-protecting schemes.

Introduction

The superconducting magnet design style selected
for the SSC dipoles' is 16.6 m long and incorporates
copper wedges In the windings in order to achieve the
required magnetic field uniforsity. Recent studiea®*?
of quench propagaticn in a & » model, SLN-012 at BNL,
have been carried out 1in order to prove the
feasibllity of self-protection for these magnets in
the event of a quench. This feature would dispenae
with an active protection system like the one used 1In
the Fermilab Energy Saver". These studies, however,
require the knowledge of how the copper wedges affect
the transverse spreading of normal zones needed in the
self-protecting scheme, It {3 not clear that such
information can be obtained with the short {1 m long)
prototypes about to be tested® since the time for the
norzal zone to cross over a wedge might be of the
order of or longer than the time it takes for 1t to
reach the other side of the wedge by propagation along
the cable.

Well instrumented long prototype magnets are
ponths away from availability. Calculations that take
into account the effect of the Kapton Insulation,
helium In the Interstices and other 3significant
detalls do not exist or have not been tested.
Therefore we have measured the delay that the copper
wedges introduce In . the transverse (azimuthal)
propagation of the normal zone in an experimental
simulation of these magnets.

Experimental Simulation

A 0.15 = long model of the cross section of the
magnet was assembled using the actual laminations,
segmenta of cables and of copper wedges of the same
length. Current carryling cables instead of 0.15 &
inert segments were uaed around three of the wedges.
Fig. } shows only the cable around the inner coil thin
wedge for simplielty. Spot heaters consisting of
350 @ atraln gauges® were inserted in the model next
to the side of the active cable opposite the wedge and
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and in the widdle of the model.
schematically the position of voltage taps and
quench-stoppers  associated with each cable-wedge
coabination, We simplify the description of the test
by ladelling as “quenchor®™ the cable segment
instrumented with the apot heater and "“quenchee" the
cable segment on the opposaite side of the wedge. The
test consisted of establishing a steady current
through the cable, firing the spot heatsr by applying
from 10 ¥V t&e 25 ¥ DC, and recording the voltages
across the quenchor, quenchee and the "guard® tapa as
functions of time. The guard going normsal at the same
time or after the quenchee is a verification that the
quench propagated through the wedge and not through
the quench-stopper. The quench-stopper 1s a solid
copper slab 0.152 m x 0.025 m x 0.0063 m to which the
cable 1s wrapped and soft-scldered. Grooves machined
in its sides cause it to present a surface area of
0.0t m* to the 1liquid He. The cable types selected
for the SS5C were used, The 1inner ¢o0ll wvedges were
bordered by cable made of 23 strands of .805 mm
diameter, 1.3:1 Cu:NbTi. The ocuter coil wedges were
bordered by cable made of 30 strands of .648 mm
diameter 1,B8:1 Cu:NbT1. The extremities of the wedges
under test were heavily coated with a sealant? {n
order to reduce heat transfer to the 1liquid. This
simulation of a magnet falls short of providing
directly useful data in three respects: It 1a done in
a zero magnetic field background, the cable lnsulation
{dry wound procedure) is not the one used in the
SLN-012 prototype and Just one ¢able per wedge side
carries current, Nevertheless, these date are
relevant for establishing the order of magnitude of
the delay and for teating computer simulations.

Fig. 2 incdicates
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Figure 1. Sketch of model showing cable around inner

coll thin wedge with {ts spot heater and quench
stopper.
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Filgure 2. Voltage tap3a dlagram,

Data Acquisition

The tests were carried out st 4,2 K using the
assembly arranged for the testing of Energy Saver
power leads and tLhe quench data collection systea
developed for the M10 test® backed up by a fast chart
recorder.

In a prelisinary test juat the cable around the
thick wedge of the Inner coll was connected to the
power leads. Six varlables were recorded as a
function of time: the current through the cable, the
total voltage across the set up (including the power
leads), the voltage drops across the gquenchor,
quenchee and guard as well as a signal Iindicating
current through the spot heater.

After connecting all three cables in serles we
repeated the measurements. Two more variables were
{neluded {n these measurements: the voltage difference
across the guard side and the quenchor side of the
quench-stoppers. Also the actual voltage across the
spot heater instead of just an indicative voltage was
used. Fig. 3 shows chart recorder trages during a

typical guench {(Ne. 29). Amplifiers with time
constants less than 5 ms were used.
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Figure 3, Chart recorder traces showing quench #29,

Resulta

Typlcal digitizea data are shown pilotted In

Fig. %, 5 and 6. They show voltages as a functlon of
time at the atart of quenches acroas tne quenchor,
quenchee and guard, respectively. Indicated in these

plots are the starting timea, voltages at the end of
propagation and calculated propsgation speed. Data
obtalned this way i{s presented in Fig. 7. These data
are of a secondary relevance as far as the purpose of
thls test, which was to seasure the delay shown 1n
Fig. 8. Therefore the Lest was not designed to
peasure accurately the quench propsgation speed in the
cable ltself. Nevertheless, tha information cbtained
{3 relevant to our understanding of how d4ifferent
sechanisms contribute to the quench propagation.
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Figure 4, Quenchor voltage in quench #10.
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Figure 5. Quenchee voltage in quench #H10,

The conslderably lower propagation speed in the
guards reflects the facts that they are close to the
quench-stoppers and that they are exposed to the 4.2 X
liquid without any insulation, The propagation speed
of the quenchor involves two norzal zones' edges
moving away from the center, 30 the sSpeed of the
normal zone edge is half the Indicated value. The
higher propagation speed of the quenchee reflects the
broadside heating reaching 1t through the wedge, and
therefore is pnot immedlately interpretable as twice
the velocity of a normal zone edge.
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Figure 8. Guard voltage in quench M0,

AL LR

T TTTrInT
a
g 1 s iiiil

Culua nus sBIES s 28
T

N

NOMsM. PONE GROWTH SRCED (m/a}

i ll
Is 4000
CURRENT (KA}

Figure 7. Quench speed data.

Tig. 8 presents the observed delays between the
start of a spot heater induced quench in the quenchor
and the corresponding beginning of a quench in the
quenchee aa a function of the circulating current.
The accuracy of these data ia hetter than 2% and an
excellent agreement was obaerved Dbetwean the two
inastrumsents seasuring it {(chart recorder and M0 data
acquisition system). For the inner coil thin wedge at
6 kA and thick wedge at S kA and & kA we were

precluded from using the data by the guard indication
that the quenchee was triggered via the guard,

Conclusions

The observed delays indicate that the wedges can
act as barriera to the fast and salfe normalization of
the magnet. A near doudbling of the longitudinal
propagation speed as the the quench propagates
transversely from cable to cable has been observed
previously®., This doubling is still observed as the
quench propagates transversely across a  wedge.
Studies involving the effect of the magnetic field and
concurrent measurement of delays from cable to cable

with and without wedges are still needed for proper
safely deslgn.
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Flgure 8. Delay in quench propagation across wedges.
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