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Méazsurements were made on the SSC reference design D dipole magnet SNLOCS
to study quench behavior of the magnet when active quench protection strip
heaters were used to initiate quenches. The strip heaters, their arrangement
and installation were essentially as described in Magnet Division Note 107-9
(ssC-MD-82) by J.G. Cottingham with the exception that the distances between
the heaters on the 12 heater array proposed for the SSC long magnets had been
shortened so that 12 heaters per strip were also employed for the 4.5 m long mag-
net tested.

Only three of the strip heaters and combinatiocuns of these heaters were
used during the tests. In the first series of tests, the magnet current was set
at 4.5 kA, the current at which previous studies had indicated the quantity
fIzdt was a maximum. A capacitor bank with 4 capacitance of 0.04635 farads was
charged and then discharged through a strip heater with the charging voltage
being increased progressively until a magnet quench was initiated. The time in-
terval between when the voltage was applied to the strip heater and when the mag-
voltage was applied to the strip heater and when the voltage across the magnet
¢oil that had quenched reached 3 volts. After the lowest charging voltage at
which a quench could be initiated was determined, the "threshold voltage', the
voltage was increased in a number of steps until no substantial change in the
times being measured was observed.

Figures 1, 2, and 3 show plots of the times measured as a function of the
voltage applied to the strip heater when heaters #1, 2, and 3 were fired singly.
The quantity flzdt is also plotted as a function of the applied wvoltage. It is
apparent that the times measured decrease rapidly at first as the voltage is
increased from the threshold voltage to values in the range of 250 to 300 volts

beyond which range the rate of decrease is much smaller and approaches a con~



stant value. A similar statement may be made about the fIzdt vs Heater Voltage
curves.

Curves for the time interval between heater voltage applied and quench
initiated are shown in Fig. 4 and 5 for heater combinatioms (1+2), and (2+3)
which were pulsed together in pairs. Since the voltages across the magnet coils
which were being quenched were bucking, it was not possible to obtain accurately
the times at which 3 volt quench signals developed.

Figure 6 shows the plots for the heater combination (1+3) where the quench
voltages were not bucking. Although the curve for the times between heater
voltage applied and quench initiated is similar to those for the single strip
heaters, the times between quench initiated and a quench voltage of 3 volts wers
smaller than those for the single heater tests as expected.

Figure 7 shows the curves for the heater combination (1+2+3) where two
voltages were additive and one was bueking.

The curves shown in Fig. 8 are from measurements made by varying the
capacitance while getting the charging voltage each time at 275 volts. The mag-
net current for each of these quenches was 4.95 kA. As can be geen from égis
figure the times become dependent on the capacitance, and therefore the energy
discharged in the heater; ouly at low values of the capacitance.

Figure 8 and the previous figures indicate that the times to initiate a
quench and to achieve a quench voltage of 3 volts are strongly dependent on the
voltage applied to the strip heater for the lower values of the applied voltage
with this dependence weakening 23 the value of the voltage is increased. Presum-
ably this dependence is related to the powei level applied to or the initial
"kick"™ given to the heater. The heater acts like a fuse but once a quench has
been initiated the heating effects are rapidly dominated by the magnet

discharging through the increasingly resistive conductor.



These figures also show that the time interval betweeén the initiation of
a quench and the quench voltage reaching 3 volts approaches a constant limiting
value as the strip heater voltage is increased which value probably depends pri-
marily on the quench front velocities which in turn are dependent on the magnet
curvent. The inerease in this time as the strip heater voltage is decreased
probably rel;tes to the initial conditions of temperature and length of the con-
ductor that is first driven normal by the heater.

Figure 9 shows plots of times and fIzdt as a function of wmagnet current
with -a capacitance of 0.046 and 273 volts being used to activate strip heater #1
for each of several magnet currents. The time interval between the heater volt=~
age applied and quench initiated decreases as the magnet current is increased be-
cause the thermal margin of the conductor decreases as the magnet current
approaches the "natural” quench current. The interval between the two time
curves also decreases with increasing magnet current, an indication that the
time between the initia;ian of a quench and 2 measured quench voltage of 3V is
dependent on the quench front velocities which are increasing as the magnet cur-
rent incresses.

Curves of magnet current versus time and flzdt versus time are plotted in
Fig. 10 for the three cases where one, two, and three strip heaters are powered
using a capacitance of 0.0465 and a voltage of 275 volts. As expected, the time
constant of the current decay decresses as the number of heaters used increases,
indicating that more of the magnet conductor becomes resistive as more heaters
are brought into play. The effect of the shorter time constant on fIzdt is
noticeable, the use of 3 heaters reducing the value of fIZdt by about l& percent

balow that measured when one heater was used.
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