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Summary of DSA324 Quenches

DSA324 is the third Fermilab 50 mm short SSC dipole that was tested in Lab2, This
magnet experienced four thermal cycles. Tests during the first and second cooldown
included quench training at 4.3 K and 4.2 K, ramp rate dependence study of quench -
cutrent at 4.3 K , ramping down from 6500 A at high rates (up to 400 A/S) , strain gage
runs to 7350 A at 4.3 K and harmonics measurements as a function of current at the center
of the magnet and as a function of position at 5000 A. Some additional tests performed
during the second cooldown included quench training at 3.8 K , ramp rate dependence
study of quench current at 4.2 K, AC loss measurements at different ramp rates , transfer
function and periodic remnant field study using Rawson Lush Fieldmeter. The bore tube
was evacuated except during magnetic measurement tests. The voltage tap in the upper
outer coil was broken. All the strain gages were in working order when the cooldown to
helium temperature started, later a shell gage was lost. The rest of the instrumentation was
functional during the remainder of the test. For third cooldown the magnet ends were not
preloaded and during the fourth thermal cycle the ends were preloaded to ~500 1b/bullet at
ambient temperature.

Quench History (First Cooldown)

A summary of all quench files with quench locations is attached at the end of this report
and the quench history is plotted in Figure 1. Figure 2 is a map of voltage tap locations
used to determine the quench origins. The quench propagation velocity in straight sections
of the coil was typically = 80 m/s and ~33 m/s in ramp splices during a standard plateaun
quench. The first spontaneous quench occurred during a strain gage run (Ig=7382 A) at
4.3 K, located in non-ramp splice side straight section of the lower inner turn 19 about
3.3 ms (~29.6 cm % 5 cm) from the lead tap.

The magnet achieved an average plateau current of ~7435 A on the second quench, The
magnet was quenched five times at plateau current before going on to a strain gage run and
then to ramp rate study. All standard plateau quenches (SPQ) were at a ramp rate of 16 A/s
and 4.3 K. All SPQ's originated in the straight section of the lower inner pole turn. Four
plateau quenches were on ramp-splice side and one was on the non ramp-splice side.
However, the quench origin moved around in the straight section of the pole turn. The



quench location was about 40 to 60 ¢cm 15 cm from the lead tap (i.e. ramp splice tap ). The
quench velocity of these quenches was ~83 m/s. Figure 3 shows the voltages in three
earliest segments for a typical plateau quench. Figure 4 shows the location of a typical
plateau quench on the ramp splice and non-ramp splice side of the coil. Figure 5 shows
the voltage growth in three earliest segments due to a typical quench on the side opposite
the ramp-splice. The location of such quenches is ~25 cm £5 ¢cm from the lead tap .

4.2 K Quenches

The magnet did not show any training at 4.2 K and reached a current of 7690 A in first
quench. All 4.2 K plateau quenches were in the same location (pole turn) as 4.3 K plateau
quenches. Plateau quench was established by quenching the magnet twice with warm bore
still evacuated and for the remaining 4.2 K quenches (in first thermal cycle) warm bore tube
was at room temperature. There was no difference between evacuated and non-evacuated
(bore tube) quenches. The magnet was ramped at a nominal ramp rate of 16 A/s and an
average of ~7681 A quench current was achieved. All plateau quenches in turn 19 were
about 4 -6 ms from the ramp splice and achieved a Vg= 83 m/s. One 4.2 K quench in turn
18 was also on the ramp-splice side of the inner lower coil , ~ 4 ms (37 £ 5 ¢cm ) from the
return end tap. The magnet temperature was not lowered any further during the first
thermal cycle .

Quench History

During the second cooldown period the magnet did not show any training at 4.3 K.
The plateau current was ~7485 A, ~50 A higher than plateau current for the first thermat
cycle. The magnet was quenched several times at 4.2 K before and after the low
temperature (3.8 K) studies. Plateau quench current at 4.2 K before and after 3.8 K
quenches were ~7740 A ( ~70 A higher than it was in the first thermal cycle ~7676 A) and
~7695 A respectively. The quench location was still the same (straight section of lower
inner pole turn on the ramp splice side ) at both temperatures. During 4.2 K quenching the
only voltage tap in the lower outer coil was lost and a quench in the lower outer coil was
detected. This quench originated approximately 13 ms from the ramp splice (nearest tap to
the point of quench ) in the lower outer coil. A strain gage run to Iq -50 A=7700 A was

alsotaken at4.2 K.



During third cooldown the plateau quench currents (Ig) , at all temperatures, were
lower than Iq during the other three test cycles. The full range of quench currents is much
higher for the third thermal cycle.

Low Temperature Studies

DSA324 temperature was lowered to 3.8 K during the second thermal cycle. It was
quenched eight times at low temperature. First two quenches were in the upper and lower
outer coils , then there were two quenches in the lower inner pole turn on the ramp-splice
side (this is also the location for plateau quenches) before the magnet reached a plateau
current of ~8175 A. These quenches were roughly 6 ms (~49 +/- 5 cm ) from the ramp-
splice with a quench velocity Vg~ 87 m/s. A strain gage run was also taken during low
temperature studies.

During the third cooldown , the magnet did not have any end preload. It showed some
training and plateaued at 8078 A , almost ~100 A below the previous thermal cycle plateau
current. Whereas , during the fourth cooldown the end preload was ~500 pound / bullet.
The plateau quench current in this test cycle was ~8118 A. The difference in quench
currents can not be explained by fluctuations in temperatures. Table 2 shows the average
temperature during each test cycle.

Ramp Rate Study

The ramp rate dependence of DSA324 was studied during the first two cooldowns.
The magnet was quenched at a series of ramp rates ranging from the nominal rate of 16 A/s
to 300 Afs. During the first cooldown high ramp rate quench study was done at 4.3 K. All
high ramp rate quenches in first test cycle , from 25 - 300 A/s , were in the upper inner
multiple turn rather than in one of the ramp splices. All of these quenches originated near
the lead end tap of the upper inner coil in turn 13 (on the ramp splice side ). Since the
multiple turns are not very well instrumented so its rather difficult to pin point the exact
location of the quenches. Figure 6 compares the ramp rate dependence of DSA324 with
other 50 mm aperture magnets.

During the second cooldown the magnet was tested for ramp rate dependence at 4.3 K
and 4.2 X. All high ramp rate quenches were still in upper inner coil multiple turn with the
exception of 25 A/s quenches which now were ~3.2 ms from the lead tap on non ramp-
splice side of the lower inner coil.



All the quenches during third test cycle were at 16 A/s except one at 100 A/fs. The only
6 A/s quench in the fourth cooldown was at 7387 A and two quenches were at 25 A/s, and
the rest were at 16 A/s. There was one 100 A/s quench in third thermal cycle.

As discussed in TS-SSC 90-26, the SSC dipole magnets should be able to ramp down
at the initial ramp rate of -325 A/s. To show magnet's stability DSA324 was ramped
down from 6500 A to 4000 A at high ramp rates of -100, -200, -300 and -400 A/s without
quenching. At the end of this cycle the magnet was ramped at 16 A/s to quench. This,
quench, during the first test cycle, was in the non ramp-splice side of the inner lower coil,
~3.2 ms (28.5+ 5 cm , in first thermal cycle) from the lead tap .

Temperature Dependence

The quench performance of a magnet depends on temperature of helium bath in which
the magnet is immersed. The relation between quench current for dI/dt < 16 A/s and the
average of the three thermometers placed at top , middle and bottom of the magnet is
shown in Figure 7. The solid dashed line in the figure is the critical current as predicted by
Chris Quigg's program using Mike Green's parametrization of the critical surface. Table 2
shows the averages of plateau quench currents at 16 A/s at different temperatures (the
average of three thermometers placed on the magnet skin). A plateau quench for this
magnet is the one which originates in the pole turn of lower inner coil (turn 19) and is near
the maximum current for a given temperature.

The cable used to wind the inner coils of DSA324 are from reel SSC 35-00021.
The short sample critical current (Ic) at 7 Tesla, 4.22 K for this cable is 10,079 A. A
comparison of magnet performance and predicted quench current based on the short
sample data is given in Table 1 and Table 2 shows the measured quench current at different
temperatures during four cooldowns.

Table 1: Predicted critical current at different temperatures

Temp (K}  Predicted Iquench
4.35 7310 A

422 7470 A

3.80K 7960 A




Table 2: Measured quench current at different temperatures during four test cycles.

Thermal Cycle

The error bars on the measured data are the standard deviation (of plateau currents)
divided by the square root of the number of quenches for each temperature for each thermal

cycle.
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