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SUMMARY.

This magnet was the second to be assembled with
"line-to-line" fit of the yoke-collar assembly. Tapered keys
were used in the collaring process, but the vertical pressure
was made high enough so that the keys could be seated without
horizontal pressure, as was done for square keys. The magnet
quench performance was good. At 4.45K, it reached a plateau at
6.9T after one training quench. The magnet did not retrain
after a thermal cycle. It reached 8T with little additional
training. The multipoles were very good. The strain gauge
data indicated that the coils were not unloaded at 8 kA. The
results have been summarized in a conference paper Appendix
A. This note adds quench location and strain gauge data to
that presented in the paper, and updates the multipole
analysis.

QUENCH HISTORY MiD LOCATION

With D55014, as with previous 1.8 m SSC dipole magnets,
the quench test procedure consisted of training by ramping up
the magnet current at a rate of l6A/s until a quench was
generated, and repeating this until the quench currents
achieved had reached a four-quench plateau, within an allowable
range of 30A. As for the DS0012 and DSSO13 tests, the time
between quencheswas 1/2 hour. Training was performed at 4.35K
nominal, where the central magnetic field is 6.9T, then again
at the subcooled temperatures of 3.95K and 3.35K, where the
central field is about 7.6T and 8..lT, respectively. This
schedule was then repeated after a wan-up to room temperature
and recooling thermal cycle. The training at subcooled
temperatures is done to test the magnet to the limits of its
mechanical performance under the stress of the higher magnetic
fields possible at the lower temperatures. In addition, at the
end of each set of plateau quenches, strain gauge measurements
were made every 500A until the magnet quenched.

Figure 1 gives the quench history of the magnet and shows
each of the training and conductor-limited plateau quenches
by symbols which distinguish between upper and lower coil
quenches. The quench history of DSSO14 is the most consistent
exhibited by any 1.8 m SSC dipole to be tested so far. Though,
outwardly, it looks very similar to that for DSSO13, there are
some interesting differences in quench origin locations for
both training and plateau quenches; these will be noted when
appropriate. All quenches in DSSO14 occurred in the inner
coils, as in DSSO13 and DSSO12. Like DSSO13, the training
quencheswere mostly in the ramp-splice section in the upper or
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lower inner coils. All conductor- limited plateau quenches
were in the upper inner coil in a long straight section of the
pole turn. This was not always the case with D5S013, where
most plateau quenchesat 6.ØT were in the ramp-splice region
and in the same location as the training quenches.

Details of each quench as to temperature, current, and
location are given in Table 1. As can be seen from the table,
the conductor-limited quenchesat 4.45K, 3.85K, and 3.35K were
at average plateau values of 6856A, 7629A, and 813OA,
respectively; and the corresponding calculated short sample
limits at each temperature were exceeded by 1%, 3%, and 5%,
respectively.

As can be seen from Fig. 1, there were only six training
quenchesduring the testing schedule. This was slightly better
in performance than DSSO13, where the testing sequencewas the
same and eight training quencheswere seen. All but one of the
training quenches in 055014 originated in the ramp-splice
region, close to the tap 16G, which is situated on the straight
section side of the ramp-splice section about 1/2 inch into the
GlO box which houses the ramp-splice section. There were four
such quenches, one of which happened in the lower coil and
three in the upper coil. Calculation of the actual quench
origin for these cases show that the position varies from being
only about 1/4 inch from tap lGG, and therefore in the GlO box,
to about 3/4 inch from l6G and outside the box. This last case
was the lower coil quench while the former was located in the
upper coil. The other two ramp-splice region cases were upper
coil quenchesand occurred at about 0.5 inch and 0.7 inch from
l6G, so these were very close to the edge of the box; however,
the accuracy of the calculations precludes a definite
determination of whether they were actually inside the box or
not. This prevalence for ramp-splice training quencheswas
also seen in DSSO13, where there were at least four such
quenchesobserved.

Table 2 summarizes these results for DSSO14 and includes
the locations for two strain gauge run quencheswhich also
occurred in the ramp-splice section and looked like the
above-mentioned training quenches. As discussed further on,
the strain gauge runs resulted in quenches at currents slightly
lower than plateau, so it was of interest to compare them to
the training quencheswhich looked similar. As can be seen
from the table, these occurred significantly farther from the
l6G tap and were definitely out of the GlO box, though in other
respects they did look like the training quenches. Two other
strain gauge runs resulted in quenches in the long straight
sections and looked more like plateau quenches.

The only training quench that did not occur in the
ramp-splice region was at the return end in the pole turn Tl6
of the lower inner coil. During one training quench at 3.85K,
the voltage tap data was lost. Taking into consideration the
time taken for the quench to reach each end tap of that
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section, the origin was calculated to be 1 1/2 inches into the
right hand straight part of the section outside of the curved
end itself. This would put the origin about 2 inches closer to
tap 16D on the right hand side than to tap 16C on the left
side. This particular quench appeared at the end of an
interesting series of training quenchesat 3.35K which seemed
to demonstrate that at 8.lT both the upper and lower coils
trained separately, and in succession, since each showed an
almost identical quenchhistory symmetrically. This behavior
can be seen by studying Fig. 1 and referring to Table 1. This
type of training at 8.1T was also seen in US$013, where the
lower coil apparently trained after the upper coil had already
done so. The upper coil first had a ramp-splice quench and
reached plateau, as in DSSOl4, then exhibited a training quench
in the lower coil in the turn 16 return end section straight
section, again as in DSSO14; but, unlike 055014, it was not
preceeded by a ramp-splice training quench. Also, though
symmetrically similar to the T16RE quench in 055014 described
above, it was started on the left side at a spot heater and
might be related to the presence of that device on the cable.

After the thermal cycle, training was seen only for one
quench, at 8.lT, and it originated in the ramp-splice section
of the upper coil as it did before the thermal cycle at 8.lT.
No other training in the magnet was observed after the thermal
cycle and all plateau quenchesagain originated in the pole
turn straight sections of the upper inner coil. These results
after the thermal cycle were more consistent than for DSSO13.

One interesting effect occurred during the strain gauge
runs. As mentioned before, quench currents after a strain
gauge run were typically slightly lower 1% or less than the
previously established plateau. Both strain gauge quenches at
4.45K were located in the ramp-splice section like the training
quenches, but the other two occurred in the pole turn straight
section like a typical plateau quench. This behavior seems to
indicate that the quench current is somewhat ramp rate
dependent. This phenomenonhas been seen sporadically in the
previously tested 1.8 m dipoles, but was not observed in
DSSO13.

The quench data curves of DSSO13 and 055014 are very
similar cf. Appendix A Figs. 2 and 3, recalling that the "L"
quenchesin Fig. 2 were due to an error in the test stand
connection. During assembly, the inner coils of DSSO14
reached a pressure of 15 kpsi, while those of 055013 reached 8
kpsi. The difference in these pressures did not significantly
affect the training of these magnets.

STRAIN GAUGE DATA

The coil stress data at significant points in the history
of the magnet are given in Table 3 and in Fig. 2. As can be
seen in Fig. 2, the inner coil pressure during the
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"square-key-like" assembly reached about 15 kpsi. For
comparison, the maximum inner coil pressure reached only 8 kpsi
during the standard tapered key assembly of DSS13. The coil
stress versus current up to 8 kA is plotted in Fig. 3. As
with 05513, there is some gauge-to-gaugevariation, but the
prestress at 8 kA does appear to be greater than zero.

FIELD QUALITY DATA

A summary of the geometric multipole coefficients of the
central 76cm of the magnet straight section is given in Table 4
for both cold and warm measurements. The results are given in
the standard "units" l0**4/Bo at 1 cm radius. For the cold
measurements,the geometric terms are obtained by averaging
up-ramp and down-ramp data from 2 to 3 kA to eliminate the
effect of magnetization currents. For the warm measurements,
the geometric terms are obtained by averaging data at +1OA and
-bA to remove the effect of residual iron magnetization. For
both cold and wan data, the unallowed 16-pole and 18-pole
terms have been used to obtain the location of the measuring
coil with respect to the magnet. Thus, the values for b7, a7,
b9, and a9 given in Table 4 are not meaningful. Upper limits
for these tens can be obtained from the data before centering
and are at most 0.02 units at 2.5 T.

A plot of the sextupole versus current, which demonstrates
the small effect of saturation, is given in Appendix A. More
complete presentations of the multipole data are given in
internal "prompt reports," TNG 396 uncentered data and TNG
399 centered data.

At l.8kA, the mR measurement of the transfer function
gave the result 1.0464 T/kA. However, in a number of places
the field was not sufficiently uniform to permit the locking
circuit to work. It was found that one of the strain gauge
collar packs was located in the same axial region as the
nonuniform field. The value given above excludes the data from
this axial region.

TildE-DEPENDENT EFFECTS

A measurementof the change in sextupole with time at
injection current is given in Fig. 4. The setup for this
measurementwas the same as for the last several magnets:
spontaneous quench, AC cycle to 5.3kA, 8 minute wait at 25A
idle current, ramp to 300A 3A overshoot, hold constant
current, measure. Ramps were 16A/sec. The time dependenceis
close to that seen in DSS13 but larger than that observed in
DSS6 and 05511. 05513 and 05514 have cable from the same
spools. The cable is has smaller filaments in both inner and
outer coils than 0556 and DSSll.
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SPOT-HEATER DATA

A plot of HIlTS versus quench current is given in Fig. 5
for spot heaters located in the magnet straight section at the
pole turn heater 4 and on the midplane heater 3.

STRIP HEATERS

It was found in a recent magnet disassembly that the
initial design of the strip heaters had concentrations of
heating as evidenced by discoloration. In this magnet, strip
heaters of the new design were operated successfully.

YOKE CLOSING EXPERIMENT

To check whether the yoke was fully closed, a piece of
indium wire slightly larger than the space for the yoke
midplace key was placed in the keyway. Results of the
experiment were made uncertain because of
lamination-to-lamination offsets which occurred in the yoke
blocks during magnet testing. In the analysis, the surface
height of the indium and the blank 1/2 key that opposed it were
measuredrelative to the midplane. This procedure yielded zero
gap on one side and 0.002" gap on the other side. Details are
in SSC-MD-229.



D No-k 4’C7

cQe4
#

Tq
A

iHThpctot Io4c
- Ic :t

Ie1
#

-
tdo’nm;nt
%4J

- I
;

¶1

4

6’/A2 I’ V.QC
J6gp

-

66i II

;oo ¼ .r

&C 1/I6 9
c
1
g
7

R00.-r,Lc 4Cr, ct.st 4o 6.
¶cirn e c, 0b04-,nJd/c a.th,RR

ii’ 511
!

.

2_1t&i.3.tC L.i 3I ir p,a- d0J t
1
q

?6i, -- i

‘7
5fl

4,

- 10

ii i&L ‘‘

2Q..Z_________ I?
11

t.rn/ó cc, s’/3o.ILva7 lo&-Iayct LE 507

Some c.e c2lt,oY so

£

‘ii

N

16°C °A i
3

trjy’

i.i
40

¾1tI

‘l’
q. q

L
‘flEa. t ?35

‘V

‘4,

gi6

*10

1 I

5q1.a at

1L

ii’

+ ize - I C&c4oF
l&fl’t’ -s!e -c;4fr1; pit ‘h’jEFTT"t’c#rtw pwcc

so,
V

V.
ôn tLc1

.

‘

it’
,

,czt.!fl

47
2°

Pa

1211 .

won - - - "

wE

‘-3

.‘j
-- -as
fl

Ra.-p-cph*’E A.tetc!oeeA- cc-Uom,1, u’t.
y16 ee ças’evaI ftn’ne cIeçi? ttoc1ellttvJ

sc &ijaf fl,. tJOyfv$frlL.E 5o7

/ ZI dj/-c -___

" cfocrr -

,

"

Wc’.ne aA °‘" ‘

çgL4

, %4L/ u

I
I

4
2/

?
2’%
fl
va

p- q-rcM4’/

Pzs3 t3°

111/ cy’cz.r

c

IflN
-3

t-l
P1

H

7flJs fl
Di

CD

h Lt
o

to



lv
£Q&ic4lIq T’Thnptctcvt

$ IA Ic :i

13 j6L9j6jtIS

25 41.
?Y

j
21 b’_’

- 2g

262i’!L__1

Jcdc

.LML91

21y

Rit,

‘L9

SI

Gi
*71

£totiirnenfc

c/mtpf&#t.

"

"

/,

ar.e osôø cfra.

ç0 s 2fz

flc e62#X

6oe ?
.

-

1
"

5’

S’i

5/

57

5o9
‘o %fl 73 ç,.,, OJ’Qp/Q 3d?

16fl

‘Zn

ii.’?
ii

163’/

23

£‘p
II

N

WY

o tG

-iv

II

75
//

So.." 2,fl

t7 g

31

c
, a

ti 3-1
*1

Of

P
*3’t 1L9 ii

*1

.

-

it!...
10

50

_______

612-

509’

6.?

,C4/yJ oF rErf
o7

t

1
0

5,3

-3

r
Lii
-I

1

ID

F’.,

0
p.,’

to



TABlE 2 1SO14 QJnIai LOC/%flON 1NAIYSIS REutas
FOR RAMP-SPLICE PB3ION Th2O1ES

gyM DISTANCE F}U4 IN GlO TYPE OF
TAP16GTh BJX? QUE2CI

C3?RC %

3. 4 0.7 tniniN 6.3

6 9 1.9 no 0.8
gaugerun

13 21 0.5 yes training 2.7

15 23 0.8 training 1.4

27 52 2.3 no strain 0.3
gauge run

33 76 0.3 yes trainin 1.4

Notes

1. One data sanp1ir Interval of 0.2 its correspondsncninally to aboat
0.5 inch in distancetravelled. This results in an error of approxhnately
+/- 0.25 inches.

2. This quenchocarrei Th the lower inner coil. All others listal were
in the upper coil.

3. For the strain qauge ri.ms that apendiedin a straight section, the
quenthairrent differai by 0.3% finn the plateau.



TABLE III

DSSO13 & DSSO14 COIL STRESS SUMMARIES
February 24, 1989

1. DSSO13 SUMMARY

PACK1 - Straight Section AVG. AVG. DELTA DELTA
DATE Near Lead End INNER OUTER* INNER OUTER

10/ 5/88 After Collaring 7386 4777
10/10/88 Before She]] Welding 6534 4373 -852 -404
10/18/88 After Shell Welding 6691 5601 158 1228
10/20/88 On Ass’y Floor 6619 5545 -72 -56
12/16/88 In Dewar at 4.3 deg K 4220 5143 -2399 -402
12/26/88 In Dewar at 298 deg K 6072 5360 1853 217
12/27/88 In Dewar at 4.3 deg K 3853 4950 -2219 -411

Average of Gauge #5&6

PACK2 - Transition Section
at Return end

10/ 5/88 After Collaring N/A N/A
10/10/88 Before Shell Welding 8144 4390 N/A N/A
10/18/88 After Shefl Welding 8202 5639 58 1248
10/20/88 On Ass’y Floor 8111 5601 -91 -38
12/16/88 In Dewar at 4.3 deg K 3508 3238 -4604 -2363
12/26/88 In Dewar at 298 deg K 7360 5543 3853 2305
12/27/88 In Dewar at 4.3 deg K 3319 3280 -4041 -2264

2.DSSO14 SUMMARY

Packi - Straight Section

10/19/88 After Collaring 9390 6787
1/19/89 On Ass’y Floor wI Shell 9048 7927 -342 1139
1/25/89 In Dewar at 4.3 deg K 4820 4809 -4228 -3117

Pack2 - Return End Transition

10/19/88 After Collaring 11816 8005
1/19/89 On Ass’y Floor iv! Shell 10345 8207 -1471 202
1/25/89 In Dewar at 4.3 deg K 7128 6054 -3217 -2153



Results of wanu-cold caparisonfoç magnet dssOl4 by prcxram WARN mn 5-JUN-89 at 13:30:i7 it’ S’
dssOl4.2Oldo s warm dsf
dssOl4.2376n 1s up ramp dsf
dssOl4.2387n is down ramp dsf

0 1 2 3 4 5 6 7 8 9 10 U 12 13 14
Ncamal terms
cold 1.00 0.61 -1.80 0.02 -0.81 -0.02 0.04 0.00 0.03 0.00 0.07 0.00 -0.01 0.00 0.00
warm 1.00 -0.10 -0.80 0.05 -0.98 0.03 0.05 0.01 0.03 0.00 0.07 0.00 -0.01 0.00 0.00

0.00 0.71 -1.00 -0.03 0.17 -0.06 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Skew terms
cold -2.60 -0.02 0.06 -0.01 -0.03 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Warm - - -2.43 -0.38 0.29 0.04 0.00 0.01 -0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00
c-w - -0.17 0.36 -0.23 -0.05 -0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

N
-i
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DSS14, PACK#2
COIL COLLARINC STRESSES

HYDRAULIC PRESSURE, psi

DSS1 4, PAOK#1
COIL COLLARING STRESSES

-4-- INNER C011S

-e-- OUTER COILS
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-- OUTER COILS

Figure 2
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DSS14 TEST, PACK #2
AVG. COIL STRESS @3.1K VS I
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DSS14 Sextupole Vs. Time
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Absiragi

We report resulls From two i .$ rn-Ions dipoles bulk as put of
he SupvrconductingSiapti CoIUdcr SSC R&D progmm. mast
magnetscontaindcsEgfl changesmade on both the 1.3 in andihe
tull4engrh 17 m dipoles to impsovo quenchperformance,magnetic
icid uniformity, and manuacwrabiliry.The mnets rcacQ S t
with lithe Iraining.

Irn roduCt ion

The good quench performance of two recern 11 in model
thpolcs II established ihe priocpics needed for producing magnets
capable of reaching the conducior currenl.canying Limi with liltit
‘c;nflin$. Oessnchnscshavt bccn sn;dc co irnptcmcnt thtsc pci’%
cipies and other improvements in a more production-orienzed way.
Exccpi for length. thc 1.8 m magaei series 12.3 has the features of
bc SSC dcsign. which is bascd on a two-layer cosiae theta cod

with 4 cm apcrltuc. As compared to the 17 m design length $SC
*tzr.te%. tiles? IX Sn Ifl3flCI% Ire a faster md ‘nnrc ecanornical way
ul ii’si dcxign eliazigcs. To cheiS in-.suici 1,cgIotnnutcc. ih
dipoles have been heavily iosirumentcd with voltage aps, Swain

autcs and spoc hcagcn. Exisüng iooIing sets Ihc magnetlength ai
l.R in. The magnets arc jetted n liquid hciium in a vertical dcw2r.

The design changes incorporatcd in these magnets arc briefly
summarized here. The coili were wound with a ttviscd CrOSS
seclion which included asymmetric copper wedges and wcr
molded in a cingle-cure procedure. In bout magnets. lbs coilan
which colnprtss ihe coils were locked with lapered keys. When one
ui the magnets was assembled. howcver.no rrcxsurc was applicd Ic
push Ihe keys mu> 11w eoflan. The yoke nncz dmcici wa3 reduccU
In Obtain a Iine.Io.Iine zero clearance ii 1* the collars. The yoke
aminalions were assembled to produce a monolithic yoke structure.

The two yoke halves were keyed with respect to each other at the
midplane.

-l.-n,nci Dcitui and Ccn,siruciion

Thc coiL :ipcrturc is 3 cm and ibt coil outer diameter is 8 cm.
The yoke innct diamctcr is 11.1 cm; ILS outer Uiamcler is 2&7 cm.
The inagnc ts Ucsigncd o opcratc at oh T ccrnrai field in 4.35 IC
tteIucit wHit a current ui 6.5 kA- Features ol iDe iunci ksi&II

which ne flOl discussed in detail here ate as described 4n the SSC
Conceptual Design Report CDR. I}

Cable

The cabLe uwd in the inner outer suarict coUs oC both
nancIs came from a single reel. It had critical current densily Of
177 j243 kA/mm ac 5 T. 4.22 K, a copper-lo-superconduccor
ruin n 47 t74.afllamcng xâzc of 6 pzn, and rcIauve
rtSIsJajlCC n,i,O hclwcen room tcmpcralurc and ID K of 63 123.

Coil

A cross scclion of the coLlared coil in Ihe yoke and helium
vts.cI is shown II Fig. L The ccii cross s0810n dirrnICd
uiSsr is 1t,ir_wtIvt too.r:tdiul block tIcdgn. rcj The design
tillers no ly I gin ly I roil’ ‘lie pruzv.ou% dei ga C-i MA. The chalice
w:i node in luriher reciuce allowed muttipolci.

To eiimiinte the abrasion of wedge insulation during coil
molding, the outer radius of the wedges was made with Ike s-amc
curvature as the cuiI The resull. in this non-nsdiaI dcsign. ws an
asymmetñc wedge.

To improvecoil moldixig time, a "single size o the shim used
in We ewingflnure wit determinedfrom a sizemeasurement made
in the urns rasunwhcothe B-stageepoxy bad become jusi warm
enough to liquily. Also, further changes werc jnsdc 10 he coil ends
to make them stnngcr and mote unittirm in cizc.

CoEI Assembly and CoHariaç

The 010 ‘ramp-splice’ assembly was modified to better sup
port and prcsuess tAt cable. This piece encapsulates the inner coil
cable U the catc mc,va to the cister coit radiust it sLso cncpst
Inies he splicc between hc iirncr and oilier coils.

As in eaflicr models 2}, ihe coliars were puochto ITOH
fliIronic 40 szainitss sleeP and spot wcldcd in pairs. with Ihe pairs
then tet-nght alternated to prevent twill lii the cotlarud coil.
Tapered keys were used in the coIlnin*. For DSSW3. the usual
procec3uft for ;apcrcd key assembly was otlowed. WherODy Ihe
ovtrnfi prestress on the magnet during collaring is minimized by
using bath vertical and horizontal force to seal he kcy5. As n
cRpcrssncffl ‘a scsi uiffcrcnce, bclwccn liii, procvdurc and uscniNy

with rcctansui,r kcy. 053014 was iucntbtcd wilI lapered keys
but wtth Do significant horizontat force.

Yokc anU Shell

the inncr radius of thc yoke laminations was O.3 nm nIcr
than on previousmagnetsso ibac there would bc kline-to-line zero
clearance fli ol yoke and unsircsseU couaxs %I room lemperalure.

For the porlion of the yoke which covered the sraighi secnOn
at the magnet. IS cm-long sacks of sIanda,d iron laminations were
aIIernated with single stainless steel laminations punched to pro
viUc channels or nidial helium flQw during quenches. All ihe
Iamtirntions were uackctlon rc.ids awl then compicscU to prcdc
termined length in oblain a rnonbiilhiC axial struclure. The yoke
end incIithng die last 5.2 cm cC the inner voI straight ccron
contained only scainteu steel IamEnagioas,boaded togcthet.

To assure *ornj rcJaüve positioning. thc IWO yott Ili.Lves
were keyed iogecher ai Ihe midp!8ne with iron keys. as shown n
Fig. 1. The slainless sleet hail shells were then welded around Ihe

SIan *a
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l’i. I Cuitattid iu,I md yuL*.

Wort pertorn.cd undcr the iuspiccs of ih, US. Dcpanmcru of Encrgy



yukw. Ibc wetd,n w done by hand, by iwo wcidcts. The tOds
used to tack the yoke weTe withdrawn after the weldia; was
completed and the end pãaies installed. A modest preload a few
hun&cd pounds was applied In the coil ends via flit One.piece
3$. -cm ihick end plaits.

Quenc? Data

Tcst RcsuLi

Th1 initial quench program wns canied out al IcmpcraIIarcs
cIost :0 thoseof SSC oper3Iion. 4.35 K. The helium temperature
was then lowered in iwo 0.5 K steps to determine the mechanical
lirnics ci magnet performance. After a cycle to room temperature.
hesc steps were repeated.As seenin Figs. 2 and 3. both magnets
rcnchcd the conductor limit at Odds above 8 1’ with 1111k trainiog
md the Iraining was retained afler a ihamal cycle. The maximum
quench current in DSSOI3 was 8.fl kA; in DSSOI4 ft was 8.t4 IcA.
The current rcquircd to reach 8.0 T is approxintatdy8.07 kA.
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2 Qucncli pcrlorn.3ncc o DSSOI3. The solid line indicates a
ih.rnt.sI Qocnchcs originating in Ihe lower upper inner cod are
ititficaItd by quarts diamonds. I i, ihe calculaled quenth ciurtnl.

on uo-nsurcn,cnIs ilatic on a hofl .sampk ui Ilic cable. Quenches
cJtMfljIQO I.. were due io a IC5I 51*111 tacit.
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EachmagNet hadmore than IOU voitzagc taps, nearly all in tc
innercoils. Quencheswhich occurred when the magaci reachedthe
CUZTCIII-Cafryiflg Capacity of he conductor Cpisceau" quenches
originatedin lb. CXpccIcd pIacc. the pole turnsof the inner coils. At
4.35 K. pbicsu qucacjics was as 6.93 tA. :cprSucibk wiiJ,i,,
about 0.0 kA.

taking thc locations of the non-plateau quenches of the iwo
mignea a a $roup the most common oñgin was he section of
inner coil cable 5-10 cm beyond the 310 nap-splice assembly.
Oilier quenchesalso oflgiozlcd in We pole turn, in and near the
non-Lead cad, and in the Inn liszt to lbs Iazgcsi wedge.

The Longitudinal quenchvelocities genenityagreewith those
Ia 17 in SSC dipoles. [61 Thesevelocitiesaresubstantiallyhigher
than thos. measured in 43 m SSC dIpoles 71 and in I SSC
model, built at 1St.Sj. These‘siocitlu arealsoInter Lhan would
be calculated in the adiabatic approximation.61 The reasonfor this
discrepancy is not undanrood at Usli time. Azimuthal quenchveloc
jilts an about the same toe all these magnets.

Stress Measurements

Eacho ibe magnets was inunamented with two bc3m-type
stnin gauge packs. 9 One pack was located in the straight section.
near the lead end. The other was the last pack in the straight seclion
at the non-lead end. Each pack had four gaugeslot each coil, plus
tcmpcnun compeasaung gauges. Avenge dais from the jauge
pack in 11w slraiglil section of DSSOI3 are presented in Fig. 4.
Gauge-to-gauge variations in stress make the avençe stress some
what uncenain; however. he lines, vitiation with I does indicate
that the coils do not become unloaded at the highest cuneni
mcasuted. U ¼A.

a

I I
-.Q INNER COILS

S-.- OIJTfl COILS

L

I
0 ‘.7 2.7 3.7 4..? 5.7 6.7

CURRENT, AMPS SQUARED

Fig. 4 Avenge inner coil suess vs. j2* for stita gauge pack in D5S0t3
straight $CCÜQQ.

Field Screngib and Muflipeles

lion:
The nolalion or multipoics is defined by the following equa

* iB - b + 13rjX iy

n-0

where B is the dipole field. x and y are the horizontal and verlical
coordinates measured from the magma center. It is convenient to
define a inuiiipoLc uniC as tO of the dipoic ida. with thc
multipoic evaluated at a radius of 1 cm.

Magnetic field mcastwemenlstrain the ceniral section of the
magnetsate reportedin Table I. The nna;ion 01 the seziupoic with
Current is shown in Fig. 5: mc muftipoteswere measuredwith a
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Ftg. 3 Qucnch pcTtOtIfl3flCt ol DSSUI4. Notation is the same as in the
previous figure.



i6-cn long rotaling coti centered axially in the magnet. Measure
ments have been analyzed to remove feeddown and magnetization
cffec:c. ‘2

F

0
Q

C,
0

C C U C C en V

0
I-

Fig. 5 Vañacionof sexiupole with cuntnc ü DSSOI4. The crosses are
up-nmp data: the squares. down-nmp data.

Insofar as can be determined from Iwo 1.8 m magnets, the
htghcr order terms mcci the SSC iwo-dimensional ioleranccs. 101
The low order terms deserve further comment. The quadrupole
terms can be affected by the hand-welding involved in welding the
thefl around he yote. Use of an automatic welding machine, to be
introduced in thc futurc, may reduce ihesc terms. AIlowcd
tuktipOICs can be affected by changes in production prOcedures.
such as the inpIementaiion of the line-to-line yokecollar fit. Ii
ccuId be possibLe o compensale for these effects by making
trhcr small changes in ihe coil cross section.

Tuble I
‘liii poic Cocticienis I unfl

-4=10 30.r=f cm

L.icllILIeIII

Measured SSC Tolcranccs body

053013 OSSO 14 Rusudoli, riDs Syietuaiic

i -.55 -2.53 0.7 0.2

-65 -.01 0.6 0.!

3 43 -.22 0.7 0.2

-.12 -.01 0.2 0.2
a. -.02 -.03 0.2 -

6 -.02 .01 OA -

.i_ -.01 -DI 0.2 -

.I 00 .00 0.1 -

h, -.55 42 0.7 0.2

‘ -2sf -l $6 2.0 .0
b, -.19 .01 0.3 0.1
h4 -.59 -.82 0.7 0.2

b, .00 -.0! 0.! 0.04
h .02 .04 0.2 0.07
b. -.01 .0! 0.2 0.1

.05 .03 0_I 0.2

The held sirengib was measured wiufl an NMR probe at 1.8 T.
The measured uandcr functions wcrc 1.0460 T/kA or DSSOI 3 aód
1.0463 T/tA for DSSOI4. The calculated value is L0439 1/icA.
with dcsign shims.
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