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SUMMARY.

The principal construction features of this 1.8m SSC R
and D magnet were: shims between the collars and yoke, high
Mn stainless steel collars assembled with tapered keys,
welded shell, preloaded coil ends, 1.5"-thick end plates,
bonded yoke modules, and an improved design of the
ramp-splice. The cable used 1in the inner layer had 20
micron NbTi filaments, with a 1.6:1 copper-to-superconductor

ratio. Also, the magnet had about 60 voltage taps.

In its initial test at 4.35K, the magnet reached the
limit of the conductor, 6.7kA (about 6.8T central field),
after two training quenches. With two additional training
quenches, the magnet reached the conductor limit of 7.7kA at
3.35K. After a thermal cycle, the magnet gquenched at 6.1kA
before reaching the 4.35K conductor 1limit. After two
additional thermal cycles of the mnagnet, no further
retraining was found. At 2.6K, the magnet quenched at

currents in the range 7.7kA -~ 8.1kaA.
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QUENCH HISTORY AND LOCATION.

Thé quench history of the magnet is shown in Figs. 1
and 2. In the figures, the conductor-limited quenches (as
identified from quench location and current) are indicated
by solid symbols. The conductor-limited quenches at 4.35K
and 3.8K were at currents about 4% above the current
calculated from short-sample measurements. (At 3.35K, the
quench currents exceeded the calculation by 2%.) This is in
agreement with the performance of DSS10 and DSS11 which were

made

The voltage taps were concentrated in the pole turns of
the inner coil. Each of these turns had four taps so that
the straight-sections could be isolated from the ends. The
tap locations are given in blueprint 21E-00.09-4. Detailed

information about each of the quenches is given in Table I.

Quenches which occur when the c¢onductor is at its
current-carrying 1limit are expected to occur at the peak
field point, the pole turn (turn 16) of the inner coil, in
the straight section. Quenches which did originate in this
area also had very consistent quench currents, typically in
a 30A range (e.g., guenches 3-7, 10-~14, 16-20). There were
35 quenches at the conductor limit, 20 in a straight section
of turn 16 and 14 in the ramp-splice. (Data from one were
lost.) Thus, there was no training due to the ramp-splice,

even at the 8T level.
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An additional study was done with "plateau" quenches.
The time between quenches was reduced from the standard 1
hour to 1/2 hour. At temperatures from 4.35K to 3.35K, a
total of eight such quenches were made. It was found that
the quench currents were not affected by the reduction of

time between quenches.

A total of 18 training gquenches occurred during the
testing. The testing included quenches at temperatures as
low as 2.6K to study quench performance in the 8T range.
The origin of the two initial training quenches was unusual
(outer coil near the splice and turn 15 of the inner coil).
Five quenches started in the straight section or end of
inner coil turn 13. (This turn is adjacent to the thick
wedge.) Ten quenches originated in the ten turns nearest the
midplane. (The arrangement of taps grouped these turns

together.) The data from one quench were lost.

At currents of 7.7kA and above, the quench performance
of the magnet was limited by quenches occurring in the ten
turns nearest the midplane. In order to extract as much
information as possible from the existing data, a detailed
study of the propagation of these quenches has been made.
It 1is of particular interest toc know whether these gquenches
originated in turn 7, since this turn was found to be the
source of many quenches in DSS1l. As discussed in the
following paragraphs, it is not possible to answer this
question unambiguously. The most plausible answer is that

about half the quenches started near the return end of turn
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7 in DSS12, and the others did not.

The beginning point was the characterization of those
quenches in DSS11 which are known to have originated in turn
7, using taps which also appear in DSs12. Azimuthal
propagation is characterized by the time to reach the
nearest tapped turn, 12, and the the last tapped turn, 16,
at the end where the dquench originated. (The voltage
difference between the upper and lower inner coils was used

to indicate the quench starting time.)

DSS11 had seven identical quenches originating at the
return end of turn 7 (T7 RE). They took an average of 24
+/- 2 ms to reach T1l2 RE, but reached T16 RE/SS within +/-
3ms of the same time they reached T12 RE. (One set of taps
covered turn 16 return end and both straight sections in
DSS11: hence the notation T16 RE/SS.) This indicates that by
the time the quench reaches T12, the remaining turns in the
RE being to quench about the same time, rather than in
succession. The two quenches which originated at the 1lead
end of turn 7 took substantially the same time to reach
T11l/12 LE (27 and 31 ms), but appear in T15/16 LE 9 and 11

ms before they appear in T11/12 LE.

Although the azimuthal data from DSS11 turn 7 quenches
do not display a well-defined gquench progression, the
longitudinal data do. Of the seven quenches which originate
in T7 RE, five are seen in T15/16 LE 5-6 ms after they are

seen in T16 RE. (The other two appear only 1-2ms later.)
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The two quenches which start in T7 LE appear in T16 RE/SS 6

and 7 ms after they appear in T 15/16 LE.

The study of DSS12 begins with four quenches which
originate in the UI coil. These quenches appear in T12 RE
23-29 ms after they appear initially but are seen in Tlé RE
4~-5 ms before they are seen in T12 RE. Thus, the azimuthal
development is similar to that of DSS11. Longitudinally,
they appear in T 15/16 LE 8-12 ms after they appear in Tile6

RE, indicating a RE origin, again using DSS11 as a model.

Of the seven quenches in DSS12 which originate in the
LI c¢oil, two are at 3.35K. Both show the same azimuthal
characteristics as DSS11 quenches. One shows the same
longitudinal development; in the other, the quench appears
in both T15/16 LE and T16 RE at the same time. Thus, one

looks like a T7 RE origin, but the other does not.

The five quenches in DSS12 LI cecil at 2.6K look rather
different than the DSS11 quenches. They take from 9 to 17
ms to reach T12 RE (¢p. 24ms for DSS1l1l) and reach T16é RE
1-6 ms later. Longitudinally, they reach T15/16 LE from 8

to 11 ms after they appear in T16 RE (cp. 1-7 ms for
DSS11). These data are consistent with a gquench originating

near the RE, about halfway between T7 and T12.

MULTIPOLES AND B/T.
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The magnet was assembled with inner (ocuter) coil shims
which were 10 (2) mils smaller than the design size to
achieve optimum prestress. To facilitate comparison with
other magnets, this note reports the difference between the
calculated values (which include corrections for non-design
shims) and the measured values [2]. The allowed multipoles
(averaged from 2 to 3 kA, including up-ramp and down-ramp)
are given in Table II. Also given is the transfer function,
B/I, measured at 1.8 kA. The unallowed terms (Table III)
were obtained by choosing currents where feeddown effects

can be made negligible [3].

In the Tables results from this magnet are compared to
results from three other magnets with the C358 coil cross
section and assembled with shims between the yoke and
collars. It is hazardous to compare multipoles from a group
as small as four magnets with the 8ssC tolerances,
particularly when the last three were made with cable from
the same spool. With these 1limitations in mind, the
comparison is a useful exercise. Only the mean value of the
skew sextupole a2 and the rms variation of the normal
quadrupole bl are 1larger than the tolerances [4]. (The
variation of bl is line with expectations for magnets built

without a mechanism for centering the collared coil in the

yoke.)

ADDITIONAL DATA
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A summary of prestress data is given in Table II of
Ref. 4. Data from the spot heater quenches are presented

in a separate report {5}.

FOOTNOTES.

1. Direct comparison with the quench currents of DSS10
can't be made because DSS10 was tested at a nominal 4.5K.
Also, beginning with DSS11, a slightly different curve of
temperature vs. quench current has been adopted (see G.
Morgan and W. B. Sampson, "New Coefficients for a Jc(B,T)
Analytic Form," SSC-N-519, June 10, 1988).

2. Measured values are given in internal report TMG 382.

3. This procedure is discussed in detail in SSC-N-416.

4. A more exhaustive comparison between these four magnets
is given in: P Wanderer et al., "Test Results from Recent
1.8m SSC Model Dipoles," submitted to the 1988 Applied
Superconductivity Conference (San Fransicso) and BNL Report
number BNL-41975.

5. A. Prodell, "Results from Spot Heater Quenches on
DSS-011 and DSS-012," BNL Magnet Division Report 309-11

{SSC-MD-217), December, 1988.
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