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SECTION 3 -- DISASSEMBLY AND INSPECTION (p. 22)

I. Coil Size Data

II. Inspection of Components

OVERVIEW

The construction features of this magnet were designed to
significantly reduce axial and azimuthal coil motion during
magnet excitation, relative to previous 17m dipoles. The main
features were (1) shims between the yoke and collars and (2)
thick end plates. The magnet was heavily instrumented with
voltage taps (four per inner c¢oil turn) so that the quench

origin could be well-localized.

The quench performance of the magnet was very good. The
first spontaneous quench of the magnet was at 6.52kA (6.6T),
the limit of the conductor at 4.4K. The highest quench current

was 7.64KkA.

After testing, the magnet was disassembled and inspected.
The only anomalies found were in the ramp-splice assembly,
which had been identified by voltage tap data as the region of
the magnet which most limited its performance at reduced helium

temperature. When DD12 is reassembled, the ramp-splice will

have a new design.
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SECTION 1 -- GENERAL DESCRIPTION AND ASSEMBLY

I. Fabrication Highlights.

The conductor used for the inner coils haad a
copper~to-superconductor ratio of 1.6, with 20 micron filament
diameter. Similar material was used in 1.8m magnets DSS10-12.
The variation of coil size along the magnet length was typical
of coils made with this tooling (+- 4 nmils for the inner laver,
+- 3 mils for the outer layer). For both inner and outer
windings, the average size of the upper was the same as the
lower within 1 mil. The coils were made to the C358A cross
section, After the coils were molded, gaps in the ends were

filled with a mixture of dlumina and epoxy.

The stainless steel, spot-welded collars used to assemble
the coils used rectangular keys. Shims were placed between the
collars and yoke. A brass shim 10 mils thick was used from the
midplane to about 45 degrees. A stainless steel shim 15 mils
thick covered the region from 45 degrees to the pole,
(Availability dictated the choice of shim material.) a
non-magnetic yoke was placed over the coil end and the last
2.5" of the inner layer straight section. After the shell was
welded, the coil ends were prestressed axially to about 4000
pounds via pressure applied from the stainless steel end
plates, which were 1.5" thick and not split at the midplane.

The magnet was shipped to Fermilab on Jan 12, 1988.

TII. Instrumentation.
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A. Voltage Taps

During assembly, four voltage taps were placed on each
turn of the inner layer, approximately 16" from the end of the
coil straight section. The taps on the remainder of the magnet
were the standard arrangement. The one exception to this was
the addition of separate taps (and a separate quench detecton
circuit) to the buss. The rewiring for the buss taps was made

during the course of the magnet test.
B. Coil Azimuthal Strain Gauges

The magnet used the new BNL beam-type gauges in both inner
and outer coils. Four separate gauges were used to measure the
stress of each layer. The gauges were located where the inner
coils were smallest, about 51" from the lead end. Compensating

gauges were also installed.
C. End Plate Strain Gauges

The end plate at the non~lead end of the magnet was
instrumented with four bullet-type force transducers. Each
transducer had two strain gauges on it. The same end plate
also had two strain gauges epoxied to it, so that a comparison
could be made with data from a similar gauge epoxied to the end
plate at the lead end of the magnet. (Space limitations at the
lead end prevented the use of bullets there.) Temperature

compensating gauges were also provided.

D. Cold Mass Skin Gauges
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Eleven strain gauges were epoxied to the cold mass skin,
oriented so that they would measure axial strain. (Each
"gauge" on the skin is actually a pair at the same axial
position, but 180 degrees apart azimuthally.) They were 30, 40,
50, and 80 inches from the non-lead end and 10, 20, 30, 40, 50,
80 inches from the lead end. A gauge was mounted at the axial
center, 331 inches from the ends. Two strain gauges were
epoxied to the cold mass skin in the orientation for measuring
azimuthal strain. One gauge was 81" from the 1lead end, the

other was the same distance from the non-lead end.
E. End Motion Transducers ("Niemann Gauges")

An end motion transducer was added to the lead enq of the
cold mass at Fermilab. The transducer is a G10 rod which is
spring-loaded against the end plate and monitored by a
transverse beam which has a strain gauge mounted on it. Motion
of the rod deflects the beam and the resultant strain induced
is used to measure the motion. The transducer monitors the
motion of the end plate, the collars, and the yoke with respect

to the bonnet. It was recorded dynamically as well as in the

periocdic Cryolog file.
F. Extensometer

An unrestrained, 17m-long, 304 stainless steel rod was
mounted on the outside of the s.s. shell, and pushed against
the actuator of a 2" long linear potentiometer at the return
end. The extensometer measured the differential length change

between the rod and the cold mass assembly. The material of
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the rod was the same as the shell material; however, the shell
developed a two-dimensional strain pattern that affected its

length.
G. Pressure Transducer

In addition to the pressure transducers in each of the end
cans, the magnet had a cold pressure transducer at its axial

center.

III. Magnetic Measurements at Room Temperature

A. Multipole, Dipole Angle Measurements at BNL

After testing at Fermilab the cold mass was returned to
BNL and mounted on an assembly fixture at room temperature.
The magnetic field was then measured using the BNL mole. A
number of caveats apply to these measurements, the most
important being that no correction has been made for feeddown.
The measured nultipole field strength and dipcle field angle,
averaged over the magnet length, are given in Table 1.IITI.A.1l.
The Table contains z-averages for +10A, -10A, and the average
of these two currents for one of the two runs. (Averages from
the other run agree within a few hundredths of a unit.) For the
+10A data only, the lowest order multipoles and the dipole
angle are plotted against z in Figs. 1.ITI.A.1l and 1.ITT.A.2
(bottom half) respectively. A full report of the data is given

in a separate report (BNL Magnet Test Group report TMG-390).
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B. Dipole Angle Measurements at Fermilab

A measurement of the dipole angle was made at Fermilab
after the cold mass had been mounted in the cryostat. These
data are presented in Fig. 1.IIT.A.2 (top half). The BNL and
Fermilab measurements are in good qualitative agreement,
particularly in light of the fact that the BNL measurement was
made with the cold mass on assembly fixturing, rather than in

the cryostat.

IV. Exceptions During Fabrication or Prior to Testing.

A turn-to-turn short between the two turns nearest the
midplane at the end of the straight section of iqner coil
LLNI~-18 was caused by the inward radial displacement of the
midplane lead. After this short was repaired, these two turns
again shorted together in the same region, just beyond the area
covered by the repair of the original short. The cause of this
second short was less clear-~ it could have been due to the
original displacement of the lead or due to a mismatch between
the sizes of the end and straight section. (Sizing is much
more precise on later magnets.) The repair of the second short
(adding kapton; reducing shims) extended for 6" into the

straight section, which was just beyond the ramp-splice area.
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SECTION 2 -- MAGNET TESTS AT CRYOGENIC TEMPERATURES

I. Summary of Test History.

A. Discussion of Procedure

The test program followed fairly standard procedures.
After cooldown and electrical checkout, the magnet current was
increased stepwise so that strain gauge data could be taken.
The first quench occurred on a strain gauge run. The magnet
was then quenched several times to establish the plateau quench
current. The magnet quench performance was also established at
temperatures below the normal 4.35K operating temperature and
after a thermal cycle. Spot heaters were used to initiate

quenches in specific locations and at specific currents.
B. Overview of Tests

The test program proceeded along the lines summarized in
the previous section. The magnet was tested on Stand 5 and was
able to take advantage of the lower helium temperatures
available there. Quenching at low temperature during the first
thermal cycle was ended when the refrigerator system became
contaminated and was warmed up for cleaning. Testing took

place during May and June 1988.

Testing was slowed by a number of problenms. Voltage
pulses from the buss (thought to Dbe due to motion without
quenching) gave false triggers to the quench detection

circuitry. Eventually, the buss voltage was processed by a
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separate circuit, which smoothed the signals before sending
them to a gquench detection circuit with a separate threshold.
False quench triggers apparently due to random noise also
occurred. The summer's heat, and consequent cooling problems,
often restricted testing to evenings and nights. The
record-high quench currents exceeded the capacity of the
transductor used for power supply contrel, so a shunt was used

instead.

II. Magnet Mechanics (Strain Gauge Data).

A. Coil Azimuthal Strain Gauges

Considerable effort was put into the development of
accurate gauges for these measurements. The gauges in DD12
were the new BNL beam-type gauges. Data from the individual
gauges are plotted against current in Fig. 2.II.A.1. The
responses of the four inner coil gauges (top) are quite
similar; the same is true of the four outer coil gauges.
Further, at I=0, the four inner coil gauges are within 1 Kkpsi
of 5 kpsi (i.e., +-20%). There is more spread in the outer
coil gauges. The differences could be in the gauges or in the

magnet itself. (Gauges 1, 2, 5, 6 are in the upper coil half.)

The data in this report use 4.2K no-load constants
measured after the magnet had been tested. The final
calibrations differ from the initial ones in that the post-test
4.2K readings were made on the active and compensating gauges

at the same time. The stresses calculated with the final
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calibrations are 200 - 800 psi lower than those calculated with

the initial values.

For coil azimuthal prestress, a simple statement of the
design goal 1is that the coil have non-zero prestress at SSC
operating current (6.5kA)}, with some margin. The prestress
data shown in Fig. 2.II.A.1 and the prestress changes given in
Table 2.II.A.1 indicate that both inner and outer c¢oils had
significant prestress at 7.4kA, the highest current for which
data were taken. At this current, the magnet was not at the
conductor limit, but was limited by quenches originating in the

ramp-splice.

The average stress for the inner and outer c¢oils is
plotted against the square of the current in Fig. 2.II.A.2.
The deviation from a straight 1line suggests elastic modulii

which increase with current.

The complete history of the magnet is summarized in Table
2.II.A.2. Broadly speaking, the 0.8 kpsi drop of prestress in
the inner coil from the time of assembly until disassembly at
BNI. may be due to creep. (Interestingly, the outer coil
prestress increases 0.4 kpsi during the same period.) The inner
coil <cold prestress values show no significant change during
either of the two periods of cold testing. (The same can be
said for the outer coil values.) This is interesting because
the inner coil prestress values dropped about 0.5 kspi during
the initial testing of the magnet (Fig. 2.II.A.3, which does

not use the post-test 4.2K constants).



TOTAL AZIMUTHAL STRESS AND END FORCE CHANGE
FROM STRAIN GAUGE RUN

___________________________________________________ ;
| TOTAL CURRENT CHANGE, amps 7369 |
fmmm o= = m i mmamm e m———————— i
| 71112-1, UI-RIGHT, psi -2875 |
| 71112-2, UI-LEFT, psi -3400 |
| 71112-3, LI-LEFT, psi -3630 |
| 71112-4, LI-RIGHT, psi -2719 |
___________________________________________________ {
|AVERAGE INNER COILS, psi -3156 |
fmmmmmm e emm e — e —————————— 1
| 71112-5, UO-RIGHT, psi -2095 |
| 71112-6, UO-LEFT, psi -1507 |
| 71112-7, LO-LEFT, psi -1606 |
| 71112-8, LO-LEFT, psi -1752 |
b e i
| AVERAGE OUTER COILS, psi -1740 |
bmmm == e oo e ot e i
| 71116-1, END FORCE, 1bs -1662 |
{ 71116-2, END FORCE, 1bs -1553 |
| 71116-3, END FORCE, 1bs -1775 |
| 71116-4, END FORCE, 1bs -1342 |
b m oo e 1
| TOTAL END FORCE, 1bs -6332 |
L e e e e e e e o T e o o ki A o J

Table 2.II1.A.1

DDO012 COIL STRESS AND END FORCE SUMMARY

| AVG. AVG. TOTAL DELTA DELTA DELTA
DATE STATUS INNER QUTER END FORCE [INNER OUTER END
12/17/87 After Collaring 7225 4822 0

12/18/87 After Shell Welded 7469 5621 0 244 800 0
1/ 9/88 At FNAL 7319 5549 -1206 -150 =73 -1206
4/28/88 In Test Stand, Werm 7023 5155 -3935 -296 -393 -2729
5/ 1/88 In Test Stand, 4.:iK 4998 4704 -4199 ~-2026 -452 -264
5/17/88 Prior to Warm-up 5185 4568 -5171 187 ~138 -972
5/23/88 In Test Stand, Warm 6814 5439 -3616 1629 873 1555
6/10/88 In Test Stand, Warm 6675 5323 ~3160 -139 -116 456
6/14/88 In Test Stand, 4.4K 4759 4697 -4073 -1816 =627 =213
6/21/88 Prior to Warm-up 5138 4568 -5226 380 -129 -1153
7/10/88 In Test Stand, Warm 6530 5475 -3218 1391 907 2010
9/15/88 At BNL 6438 5238 4} -92 =236 3216

10/11/88 After Shell Cutting 5650 4104 o -789 -1135 ¢

10/11/88 Gauge Pack Removed -11 63 ¢ -5661 ~4040 0

Table 2.II.A.2
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B. End Plate Stress Data

The non-lead end of the magnet was instrumented with four
bullet gauges, each adjusted at the time of assembly to apply
300 lbs force axially on the ends of the coils. At some stage
during the work done at Fermilab, the force reading increased
from 1200 1lbs total to 3900 lbs total, with the four bullets
continuing to track one another well. It is not known which
step caused the increase. The warm history of the bullets

prior to testing is shown in Fig. 2.II.B.1 (bottom).

The complete history (at zero current) is given in tabular
form along with the azimuthal data in Table 2.II.A.1 (bottom).
The end force increased somewhat with cooldown and during
testing. The increase attributed to testing went away when the
magnet was thermally cycled. There was a small increase in end
force (about 100 lbs) during the initial training (time = 100

hours), as shown in Fig. 2.II.B.2.

Up to the highest current for which data are available,
7.4kA, the end force increases linearly with the square of the
current (Fig. 2.II.B.1). From OA to 6.6kA the end force
increase is about 4.8 klbs, much less than the calculated value
of 15 klbs. Presumably friction from the coil through the
collars, shims and yoke to the skin accounts for the
difference. This was advantageous in magnet operation, since
experiments at BNL indicated that this class of coil end
(alumina and epoxy) could fail if the end force exceeded 20

klb.
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Page 13

Data from the strain gauges glued to the end plates has
been compared +to the bhullet data. The conclusion is that the
results are the same, although the gauges on the end plates are
less sehsitive than the bullets. With this caveat, the magnet

lead end behaves like the non-lead end.
C. Cold Mass Skin Gauges

Qualitatively the data agree well with the model that the
axial Lorentz force is transmitted primarily through the yoke
(rather than the end plate) and is taken up by the skin within
30" of the end (Fig. 2.II.C.1). All but two of the eleven
axial gauges describe a smooth variation of strain along the
axis, indicating good gauge-to-gauge consistency. The response
of the two azimuthal gauges was qualitatively what was expected
(opposite in sign to the axial gauges; increasing response as

current increased).

The gauge variation with I**2 is close to linear, as
expected (Fig. 2.II.C.2). However, the strain was found to
vary in a stepwise fashion over many hours, for an unknown
reason, making the extraction of long-term and cooldown data
unreliable (Fig. 2.II.C.3). (It is thought that the problem
arose because the compensating gauges were in vacuum and only
weakly coupled thermally to the cold mass.) All 15 gauges had
the same problem with baseline.shift. Within this (large) 100
microstrain uncertainty, the shell gauges showed no dramatic

changes during the course of the test.
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Quantitatively, a consistent picture does not emerge, when
the data are compared to calculations and other magnets. For
this report, a Table of results is presented (Table 2.II.C.1).
The comparison which is most free from various systematic
errors is the comparison between the axial 1length change
calculated from the eléven axial strain gauges and the same
change measured by the extensometer. The same result is

obtained from both, 44 mils, for excitation to 6.56 kA.

Analysis carried out at the CDG (by R. Schermer et al.)
has indicated that in order to derive a complete understanding
of magnet behavior, both axial and azimuthal gauges are needed.
It has also been recommended that strain gauge rosettes be used

in the future rebuild of this magnet.
D. Extensometer

The data for cooldown indicate that the magnet shrinks 100
mils more than the stainless steel rod on which the
extensometer is mounted. This is a surprise, since the thermal
contraction of the rod and skin are expected to be nearly
identical and the collared coil is expected to resist the

contraction of the skin. Also, the extensometer cooldown data

are at variance with the axial skin strain gauge data.

The plot of extensometer with time shows that the (cold)
magnet became longer by 2 mils at the time of the second lead
event (Fig. 2.II.D.1). After correction for backlash, the
extensometer also shows that the magnet lengthens linearly with

I**2 to a total of 44 mils at 6.56 kA (Fig. 2.II.D.2).
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Schermer (at the Aug MSIM) concluded that the extensometer
data are redundant with respect to the skin axial gauges. He
also concluded that it was easier to interpret data from a

stainless steel rod than from a quartz rod.
E. End plate motion transducer (Niemann gauge)

Schermer concluded that these gauges are not useful for
magnets with thick end plates, because the end plate motion is
so small. The early time history (Fig. 2.II.E.1) shows a
change of 1 microstrain during the initial few quenches. A
signal of about 3 microstrain can be seen during the excitation

to 5.5kA (Fig. 2.II.E.2).

III. Quench Behavior.

A. Quench Currents

The quench history of this magnet is given 1in Fig.
2-III-A-1. The first quench (6520A) was at the limit of the
conductor. The current was 2% higher than a calculation based
on the measured short-sample result, extrapolated to operation
in the magnet at 4.4K (6.38 kA). The difference between these
values is typical of this cable. (Cable from the same billets

was used in the 1.8m dipoles DSS10-12.)

A detailed comparison of magnet quench current and
temperature is made in Fig. 2-III-A-2. Most of the gquenches
originated near the feed or return ends of the magnet. Using

the temperatures from the corresponding feed can and return can
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thermometers vyields the expected linear relations between
temperature and quench current, with scatter at the 10A level.
The fits to the data are close to the value calculated with
Morgan's parameterization, which lies in the range 1.06 - 1.09
kA/K at this temperature. (Two gquenches do not fit this
pattern. Quench 9 is a retraining quench after the thermal
cycle. Quench 6 occurred after the magnet had been held at a
fixed current for 15 sec prior to a spot heater quench, rather
than during the usual 16A/sec ramp.) The highest quench current
was 7675A (quench 13). The magnet was thermally cycled between
quenches 8 and 9 in coincidence with a warmup for cleaning out

the refrigerator purifiers.
B. Quench Location

The quench locations have been summarized in an annotated
version of the quench plot, Fig. 2-III-B-1. It can be seen
that the magnet plateau quenches at 4.4K originated in the
expected location, the two-dimensional peak-field (in the
straight section of inner coil turn 16, which is nearest the
pole). At the lowest temperature, 2.8K, the magnet performance
was limited by quenches originating in the ramp-slice. The

same limitation probably also applied at 3.15K.

The four training quenches originated in inner coil turns
13 (next to the largest wedge) and 16 (straight-section and

return end). The outer coil quench originated near the splice.

C. Associated Data (Spot heaters, MIITS, Propagation

Velocities)
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The average longitudinal velocity was calculated from the

coil length and the time it took for the quench to propagate
from the origin to both of the ends. Representative data for
spontaneous quenches are shown in Figs. 2.III.C.1 and .2. The
first of these figures gives results for five dgquenches of
nearly identical currents, the limit of the conductor at 4.4K.
These quenches originated in the magnet straight-section, at
the voltage tap which marks the "beginning” of the end region
but is actually about 17.5" into the magnet straight section
from the return end. The turn where the gquench originates,
turn 16, is the turn nearest the pole. Longitudinal velocities
of quenches at the same temperature but originating in the
ramp-splice are quite similar. The next figure (2.III.C.2)
shows the wvelocity at higher current and lower temperature.
The quenches originated in the ramp-splice and were near but

not at the plateau current for this temperature.

Further data on the variation of quench velocity with
magnet current are given in Figs. 2.III.C.3 and .4, which show
velocities as a function of turn number for gquenches produced
by spot heaters 9" and 48" into the straight section of the
midplane turn (turn 1). The magnet currents were 88% and 99%

of the quench plateau (4.4K).

The azimuthal wvelocity, given as the turn~to-turn

propagation time (Figs. 2-III-C-5 and -6) varies from 1 ms to
7ms for spontaneous quenches at 4.4K. It shows a similarly
strong variation for spot-heater induced quenches (Figs.

2.IIT.C.7 and .8). These variations are not understood at the
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present time. (Quench velocity data are from analyses by

Devred and Cortella, SSC informal notes MD-TA-90, 91, 92.)

At 4.4K, the-plateau gquenches had typical MIITS values of
8.1 with the standard 130ms strip heater delay. At the same
temperature, at a current of 5.8kA, the MIITS produced by the
four spot heaters ranged from 10.3 to 10.8. At 3.0kA, the
MIITS increased from 5.85 to 10.42 when the strip heater delay
was increased to 480ms (i.e., making essentially no use of the
heaters). At 2.8K, the maximum MIITS was 10.4. (MIITS values

are from Tompkins' program.)

IV. Summary of Test Results.

At SSC operating temperature, the magnet needed no
training to reach the limit of the conductor, 6.52 kA (6.6T).
After a thermal cycle, the magnet quenched once at 6.34 kA
before again reaching the conductor limit. Some training was
needed to reach quench currents in the range 7.5 kA at lower
temperature. These quenches originated in the ramp-splice.
The longitudinal velocities of the plateau quenches at 4.4K are
150 m/s. Turn-to-turn propagation times range from 1 ms to 7

ns.

The new beam~type azimuthal strain gauges in the coils
seemed to be working as designed and indicated that there was
finite prestress left at the highest currents tested, 7.4kA
(about 7.4T). However, the overall scale of the axial forces

was smaller than expected. The axial Lorentz force was taken
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up within 30 inches of the end of the yoke skin. Data from the
skin are not entirely consistent with calculations. The

effects of the initial few quenches can be seen in the strain

gauge data, but are small.

V. Exceptions During Testing

A. Rapid quench propagation in non-quenching winding.

For a quench originating in the lower outer winding, each
turn in the upper inner winding experienced a sudden increase
in voltage during a 10 ms period about 150 ms after the guench
was detected. Various traces from this quench (nﬁmber 16) are
shown in Figs. 2-V-A-1 through -5. The voltage increase is
presumed to be due to an increase in coil resistance, a result

of an unusual mechanism for guench propagation.

A similar event was found in quench 13. 1In this case, the
gquench originated in the lower inner coil. The rapid increase
in voltage was seen in both the lower inner and the upper inner
coil about 95 ms after the quench was detected (Figs. 2-V-A-6

and -7). Less of a jump was seen in another quench (quench 4,

Figs. =8 and =-9).

B. Unusual behavior of magnet current following spot

heater quench.

An irregularity was found in the current trace after a
spot heater quench (file 91), as indicated in Fig. 2-V-B-1.

The irregularity was seen in both the transductor and the shunt
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Volts

I TT 7

Time

BDOO012 Data File No. : 82 24-JUN-88

S$8C/CDG 24-JUN-88
10:20:389

ﬂax;p?t:;m—n(;bppor [nner turn 18
EEQ:TT.ap_-S’t:;c;:o;{E-Uppor [nner turn 15
5:-2-5:;-1':;75:_ ;:;;;;E;Uppor [rner turn 14
5;: VTapS-I:Tnc-tTonﬂ;;_Uppcr [nner turn 13
EE;?;S;:;;;FR}I—UWW inner turn 12
Qt-:}:»m;?m_c;o:ﬁihpw [nner turn U1
5.3-6:.\;-‘&;5—:.- s-o_c:w—n(El-Uopor Inner turn 10

505; StusectdRMFeed End Upper Inner turn 9

Nake © pN Cb\:eudlw\a_
R e,
{ (dusta cuba

LYAD ow'\‘%\'fv\'\

SE!_V.T_W_SE._;oc—Ho—M;bpp-r fnner turn 8
4-2-9: v—f.;-s-:::c;;c;'u”« Inner turn 7
:2-5:;-;-;;:.- :-:;:;(F-!I-Uppw laner turn 8
4-2_1:- VTapS:u:;onlg;mUppor Inner turn 5
E;-\':‘S;.—s—;‘;‘t—l;\l—m—bppor Inner turn 4

41331 ¥V Top St, section(R) Upper [nner turn 3

lr \ 40? ;-T-a;-g:._ ;O:JM‘R.)‘UpW Inner turn 2
N E R
’”'\'},k\ 405: V Tap St. sectioniR} Upper Inner tuen 1
§ !
LN N
\/}, ! ?'\\ A
YIRS N ]
I LY S -
K4 ~
’j/-‘ .\\\ -
. \'ﬁ }w%\ - \\ —
R ‘) \\\\\ AN i
‘-\'v{! \ -'\..&\\\\ |
\J \.“_:':\‘g%. -
\ "._.\__._._.
\ RN
:1\1 ) lod ]
T
0.1 0.2

06:02:14 Quench No.

Fig. 2.V.A.5

: 0 Current - 7050.8
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Volts
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10.0

7.5

5.0

$SC/CDG 28-JUN-88
08:57:00

1 ! ' J L Ty ; o ‘ ' ™ 333: ¥ Tap St. sectionil] Lower [nner turn 1O
i Ay ay/aal o 332V T Se secciond
= ‘;/ J /7 //‘ ~— -1 328: ¥ Tap St. section(L] Lower [nner turn |5
/ . -
= / - - S T
/-/f / ‘/,/ / \\ 324z ¥ Tap St. ssctionil) Lover Inner turn 14
- ; S -
K . s _—
— /' /,{ ! // / I —— 320: V Tap St. sectionil} Lower Inner turn (3
. ”.— —""'-.
- r/ ,’ /;f / / \‘_\ -4 ———r - h— e . foion i
// 7 './ . LTI LN 318: ¥ Tep St. sectionil) Lower Inner turn 12
B Ay s e — e —
- // o / oo -1 312: ¥ Tap St. sectionil) Lower Inner turn 11
J ’ / / -
I~ // :J if 0 T 308: v Tap Se. sectrontl & 1 10
/:/ / i ad / | 30B: V¥ Tap Se, sactionil) Lower Inner turn
e [ T -
- /'/ ’Il ’i! " =1 304: St.zsct.l)*Feed End Lower Inner turn 8
- ' ’ // -
oy
e ’ ,[ / / {.. —
i Iy 1 .
- 10 _ C’UQ’"‘M
}' /1’ J':/ < ~
B 7/ (’d f § ef 7 (_&EL&
= /' L S .
BV
3 0 ke .
L. _/,5,'_}3__{* -
Pt P
R —
Lﬁ;'.Lsr’HA..L'::::’{:::' —————————
t ‘ ‘ ~4 232: V Tap St. sectionil] Lower Inner turn 8
J— T 22m v Top St. sectioniL] Lower Inner turn 7
L — —_—— -
- 00 |} emmmmmcemmmm—————
¥ . T 224: ¥ Top St. sectionil) Lover Inner tuen B
7 ~
L: // — \\‘ 220: V Tap St. sectionil) Lower Inner turn S
/ L —‘-\-. qH ———————————
- J A ~. -{ 218: ¥V Tap St. sectionfl) Lower Inner turn 4
- Y R N
L f Ve ,/ N 212: V Tap St. sectionil) Lower Inner turn 3
W
L s O
| , W T ——— _| 208: V¥ Tap St. sectioniL] Lowsr Inner turn 2
. L’"’ ’IJ— \“\.\\ .............................
J P ~w_] 204:V Tap St. gectionil] Lower Inner turn |1
f— ; - —
n {3
/ A -]
" PSR ——— i
- ..
- § N
- -
- T .
. “-Q:_-:__;::_\ -
PRI T e e —
B LL L T TP PPPU i ppsyes-Ea-F
1 b 1 -‘T___l-—_—l l—

Time (msec)

GDOO12 Data File No.: 78 22-JUN-88

Fig, 2.V.A.6

23:37:05 QGuench No. : 13 Current = 7674.56
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Data File No.

Time (msec)

78 22-JUN-88

SSC/CDG 28-JUN-88
08:57:00

801: ¥ Tap St. section(R) Upper Inner tyrn 18
529: ¥ Tap St. sectioniR} Upper Inner turp 15
523: ¥V Tap St. sectioniR) Upper Inner turn 14

521: V Tap St. sectioniR) Upper Inner turn 13

—— g oy i i o . i

517: ¥ Tap St. sectioniR) Upper lnner turn 12

S13: ¥ Tap St. sectioniR) Upper Inner turn 11
509: V Tap Sr. sectioniR) Upper lnner tura 10

30%: St.sect.(RI-Feoed End Upper Inner turn 9

AR - Guarchaw
N
CAﬁwkﬁkﬁuj)

%01z v Top St. sectioniR} Upper [nner turn 8

—— — ——p —— it 8 By &

429: ¥V Top St. sectioniR) Upper Ipner turn 7

425: ¥ Tap Se, cectionlRI Upper Inner turn O
421: V Top St. sectioniR) Upper [nner turn 5

417: ¥ Top St. ssction(RY Upper lnnar turn 4

413: ¥V Top St. section{R) Upper [nner turn 3

409: ¥V Tep St. sectioniR} Upper Inner turn 2

405: V Top St. section(R) Upper Inner turn 1

23:37:05 Quench No. : 13 Current = 7674.8

Fig. 2.V.A.7
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SSC/CDG 28-JUN-88
08:57:00

! ' I ' ' 7 l I ] I I T[‘ I l o ' B01: V Top St. saction(R) Upper Loner turn 13
- B
J 529: V Tap St. sectioniR) Upper Inner turn 15

V4 $25: ¥ Tap Sct. sectionlR) Upper Inner turn 14

L—— l l ’ ./ ,"—-—-‘: 52tz ¥ Tap St. section(Rt Upper Inner turn 13
[ \N) 7/ -
i / . I it
|~ -~ %517: ¥ Tap St. ssction(R} Upper [nner turn |2
- i . P e
- l/ . aF = S13: V¥ Tap St. sectioniR) Upper Inner turn 11
f / - e
T , Vi -4 o} e — it — —
f/ -~ - . 500: ¥ Tap St. sectioniR) Upper [nner turn i0
e d ..";’ // .............................
- / /, L e 505: St.yect.{R)-Feed End Upper Inner turn S
Ry e ]
- / // / - T T "
= / /’/z"' e - P . -

_ i | ey e

rd v —
o v APy 4 / /-
- /"//1”.;/ ‘d’/. -—
/a"" aT
B P il .
j””f _,.’4/"/ '{
‘_\_’I' ——y]
SUPERFES BV BRSNS,
I , l [ ! ___l..,__‘ 501: ¥V Tep St. sectioniR} Upper Inner curn 8
- // ™ e,
// 429: V Top St. sectioniR) Upper inner turn 7
i s [
- // 4 425: ¥ Tap St. section(R) Upper Inner turn @
j/ — e ——n rn — '
- !f' e =] 428 ¥ Top St. sectioniR) Upper {nner tuen 5
‘/— - — e Y ————— —— W — —
I /'/ =1 417:V Top St. section(R) Upper [pner turn 4
- ] T d ——
Ve I’ 413: V Tap St. section(R! Upper [nner turn 3
& f B
/ /' 409: V Top St. section(R) Upper Inner turn 2

405: Vv Tap St. sectioniR) Upper Inner turn 1

Time (msec)

DD0012 Data File No. : 18 6-MAY-88 17:;09:14 Quench No. : 4 Current = 8548.8

Fig., 2.V.A.8
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SSC/CDG 28-JUN-B8
08:57:00

'3?2:’?;;;:-_:\:;\&_1.1.0\1” Inner turn 16
3?5: V_T-u:.s-t._s‘o—ct_w:\a.uu-r [nner turn 15
3-2-4:;-1'_;;-9:- :o:t—l;;ﬂ?}_Lovur [Aner turn 14
3;]-: V—Tep;t”n;;nﬂ.TLwor [nner turn 13

310: ¥V Tap St. zectionil) Lover Inner turn 12

304: Sc.aect.il)-Feed End Lover Inner turn @
NON- (RN j

( wot (i obmy
e

212: V Top St. section(l) Lower Inner turn 3

208: ¥ Tap St. sectionil) Lower Inner turn 2

204: ¥ Tap St, sectionil) Lower Innes turn |

0.15 0.2

Time {msec)

6-MAY-88 17:09:14 Quench No. :

Fig. 2.V.A.9

4 Current = 6548.8
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traces (Fig. 2), extending from about 200 to 250 ms after the
quench was detected. It was also seen in the main coil voltage
(Fig. 3), although at a slightly earlier time. It was not
seen in the Idot coil, although the Idot trace follows the
differentiated +trace from the shunt well at other times (Fig.
4). The voltage trace from the lower half coil showed the
irregularity (Fig. 5), but the lower inner quarter coil did
not (Fig. 6), leading to the conclusion that the problem
originated in the lower outer quarter coil. (The lower outer
coil amplifier was not working, so this conclusion could not be
directly confirmed.) Traces from the upper outer winding and
the negative lead looked ok but the irregularity was seen in
the buss (Fig. 7). The irregularity was seen in the low-gain
trace of the ground current signal, but not in the high-gain

trace (Figs. 8, 9).

The magnet gquench prior to the spot heater quench,
spontaneous quench 22, was examined for the irregularity. The
two current indicators showed a small irregularity at 105 ms
(Figs. 10, 11). As with the spot heater quench, the Idot coil

trace was smooth (Fig. 12). The buss resistance and ground

current traces were smooth (Figs. 13, 14).
C. Buss Voltage Pulses

Voltage pulses which exceeded the lead gquench detection
threshold and which originated in the buss occurred four times
before the first spontaneous quench of the magnet and twice

after that. Two examples are given in Fig. 2.V.C.1l. The
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example from file 7 also contains a smaller pulse about 100 ms
before the trigger. Since the pulse occurs before the event,
it was concluded that the voltage was due to conductor motion
in the field (or something similar) and not to a quench (which
would produce a monotonically increasing voltage on the scale

displayed here).

The plot for file 9 shows another pulse about 200 ms after
the trigger. These pulses could be generated if the lead

relaxed all or part of the way as the field decreased.

A fix was put into place during the thermal cycle. The
buss signal was separeted from the others, filtered by an RC
circuit with a 0.5 sec tige.constant, and compared to a signal
from the Idot coil by a new quench detection circuit. This

eliminated the problem from the test.

On the test stand, prior to the initial cooldown, it had
been noted that the return end of the buss could be moved
horizontally 1/8". A restraint was installed to restrict the

motion. (DD14 allowed similar motion; DX did not.)
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SECTION 3 =-- DISASSEMBLY AND INSPECTION

I. Coil size Data

The disassembly provided the first opportunity for the use
of a precise tool for measuring coil lengths. With the coil on
the collaring press, only the upper half could Dbe measured.
The upper inner coil shortened by 0.373" and the upper outer

outer by 0.117". Repeatability was at the level of a few mils.

Standard measurements of the size of the inner coils were
made. Inner coil 17 had an average size (relative to a
standard) of 16.4 mils before assembly and 14.3 mils
afterwards. Inner coil 18 was 16.6 mils before and 15.3 mils
afterwards. The size changes were fairly uniform along the
length of the coils. (The outer coils have not yet been

remeasured.)
II. Inspection of Components

The strip heaters showed no signs of overheating, as were
seen in DD10. (This was expected, since the power was reduced

prior to testing DD12.)

In the ramp splice area, the cable insulation was abraded
at the point where the cable leaves the G10 holder and enters
the end region of the coil. On the lower half, which was the
origin of the quenches which limited the magnet performance at
reduced helium temperatures, the kapton was worn through.
Also, stress lines were found in the G10 piece at a point where

it had been hand-filed to accept the spliced cable. (This
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piece has since been redesigned.)

The "venetian blinds," which shield the outer radius of
the coils from the collars, showed little of the deformation at
the midplane which was seen in DZ. (The deformation, referred
to as "dimpling," was a ridge about 30-40 mils inward radially
and azimuthally.) The pieces which were dimpled were shorter
axially than the others, consistent with comments from the
techs that the deformation probably occurred in venetial blinds

which were reused.

No coil delamination was observed. This was in striking
contrast to DD10, which was delaminated all along the length of

inner coil turn 13.

The inner coil c¢able in the pole turn was displaced
radially about 0.050" in the one~foot-long section next to the
ramp-splice where the cable is not bonded to its neighbors.

This was found in only one half.

In addition to the ramp splice, several other areas which
were the source of occasional quenches were inspected. No
irregqularities were found, except for a few inches of the two
turns adjacent to the ramp-splice in the outer coil, where the
turns were not bonded on the outer radius. They were bonded on

the inner radius.

The kapton midplane insulation passed the standard hipot
test. The Z-cap at the pole showed no pinholes when inspected

visually.



