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SUMMARY.

This magnet is the second tested with shims between the collars and yoke. Principal
construction features also include a welded shell, 3/4"-thick split end plates, tapered keys,
and improved coil end molding. The cable used for the inner coil had 1.57:1 Cu:SC ratio and
20 micron filaments. The outer coil conductor had 6 micron filaments. During assembly,
the coils were subjected to much higher pressures than planned. Also, in the upper coil
half, the splice between the inner and outer coils was incorrectly positioned.

When tested at 4.5 K, the magnet trained in three quenches to a plateau quench current
of 6.51 kA (about 5% over the value calculated from the short-sample measurement) and
did not have to be retrained after a thermal cycle. At 4.0 K it trained quite slowly to
higher fields, with the quenches originating simultaneously in the inner and outer layers of
the upper half coil. (Normally, quenches originate only in the inner coil.) The multipoles
were small.

When the magnet was disassembled after test, the G10 assembly which held the upper
coil splice was found to be out of position and cracked along a line of high stress. Presum-
ably this caused the slow training and unusual quench origin seen at 4.0 K. Also, the yoke
blocks had moved axially during the test.

STRAIN GAUGE RESULTS

The beam type strain gauge transducers for measuring the azimuthal coil stress were
were fabricated by the EDM process. The strain gauge type used for these beams was WK-
09-125AD-350 which is compensated at room temperature to match the thermal expansion
of stainless steel. Six compensating gauges of the same type were mounted in the strain
gauge collar pack. The room temperature and 4.2 K calibrations for the azimuthal gauges
are shown Figures 1 & 2. The were no end force or “bullet” type gauges assembled into
this magnet.

The collaring of this magnet did not proceed in a straightforward manner. This is
explained with reference to Figure 3 which shows the inner coil azimuthal stress and the
applied vertical hydraulic pressure during the collaring process which occurred on Feb. 4
& 5. This assembly was with the tapered key collars. The vertical hydraulic pressure was
applied to ~4500 psi (Step 1) and then reduced while the side hydraulic pressure (not
shown) was raised to ~2000 psi. to engage the tapered keys. (Steps 2-3). However, the
keys did not engage because the side hydraulic cylinders bottomed out at the point where
the key started to enter the collars. Some shims were prepared to back up the keys and
the side pressure was reinstated (Step 4-5); however, the vertical pressure inadvertently
remain on during this time and the coils were overcompressed to the 18-20 kpsi range as
shown. The side keys were, however, installed and the inner coil prestress remained at the
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rather high level of ~12,000 psi.The corresponding collaring history fore the outer coils is
show in Figure 4.

The first significant measurement with the azimuthal gauges was the loss in compressive
stress in the inner and outer coils from room temperature to ~4.4 deg. K. The azimuthal
gauge measurements indicated that the inner coils lost 6925 psi while the outer coils lost
2652 psi. Although the stress loss in the outer coils appeared somewhat high but not
inconsistent with calculations and measurements on other magnets, the rather large stress
loss in the inner coils is not typical since measurements on DSS6 showed a loss about 1800
psi. in the inner coils for the retested magnet and a loss of ~2300 psi in the inner coils
for the initial test. It was thought at first that the large cooldown stress measurement
change for the inner coils was due to yielding of the inner coil beam transducer during the
overpressure phase in the collaring operation. However, this was subsequently shown not
to be the case.

Some data was obtained during this test of the change in coil stress with excitation
current up to 6400 A. as shown in Figure 6 for the inner coils. The average stress decrease
at 6400 A. was 1438 psi. As a comparison, in the retest of DSS6, the average inner coil
stress dropped by ~2400 psi. at the same current. The outer coil stress change for this
case was 681 psi (there were no outer coil strain gauge transducers in the retest of DSS6).

The azimuthal coil stress was monitored during the warmup and disassembly of this
magnet. The average values of the inner and outer coil stresses for this period are shown
in Figure 7. The magnet was initially warmed up in the test dewar with warm helium
gas in step 1-2. The temperature rose to ~120 deg. F in the dewar during this time.
Thus, on Mar. 9, when the magnet had been removed from the dewar and was at ambient
temperature, there was a noticeable loss in coil stress attributed to accelerated creep at the
high temperature in the dewar. In step 3, a longitudinal cut was made in the shell after
which the coil stress drop was noted indicating that the shell was under circumferential
tension and still compressing the coils. The loss in prestress shown is consistent with a
tensile stress relief in the shell of about 8500 psi. In steps 5-6 the coil was pressed in the
collaring press and the collars were removed. It was noticed that the azimuthal coil gauges
all drop to zero stress indicating that there had been no yielding in the inner beams due
to the high assembly pressure that was present when this magnet was originaliy collared.

TRAINING

The training data are plotted in Fig. 8 and given in Table I. The magnet had three
training quenches before reaching a stable plateau. The quench current was about 5%
greater than the value calculated from the short-sample test; typically, this number is
2% to 3%. The magnet did not retrain when thermally cycled to room temperature, but
the quench origin did switch to the other half coil. (The cable for both inner coils came
from the same reel, so the switch does not violate short-sample expectations.) Overall the
magnet trained well, but not as well as DSS6.

At the next step down in temperature, 4.0 K, the magnet trained slowly over seven
quenches. Each of the quenches also showed the unusual characteristic of starting at the
same time (within a few ms) in the inner and outer layers of the upper half coil (Fig. 9).
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At 4.5 K, the outer layer begins to quench about 15 ms after the inner layer (Fig. 10). If
the quenches originated in the inner-outer splice they would appear simultaneously in the
inner and outer coils. However, the voltage taps only isolated quarter coils, not individual
turns, and other sources of the quenches cannot be ruled out. As is noted elsewhere in
this report, the splice was found to be out of position when the magnet was disassembled
after testing.

MULTIPOLES.

The magnet was assembled with shims which were consistent with the design size
(which has a 1 mil tolera.nce) The multipoles are consistent with values obtained from
the previous five magnets in this series. (Care must be exercised in making comparisons
with previous DSS magnets, since the earlier magnets were not built with shims between
the yoke and collars.) The allowed multipoles (calculated by averaging up and down ramp
data from 2 kA through 3 kA) are given in Table II. The transfer function B/I is lower
than previous DSS magnets by 1 to 3 parts in a thousand. This could be due to the gap
at the yoke midplane but it is also a difference not large compared to the variations seen
in the earlier magnets.

The unallowed terms are obtained by choosing currents where the same-n or next-
higher-n allowed terms are small and are both positive and negative. (The procedure is
discussed in detail in the writeup on DSS6, SSC-N-416.) The procedure also requires a
measuring coil with extremely good short-term reproducibitity (0.01 units), so only DSS10
and DSS6 appear in the summary of unallowed terms, Table III. The data are consistent
with the SSC tolerances, insofar as one can tell from two magnets.

DISASSEMBLY OF DSS-010

This note summarizes the major observations and conclusions obtained from the dis-
assembly of Magnet DSS-010. [Tables of data taken during disassembly are in a separate
Note {(SSC-MD-196).]

Upon removal of the outer shell of DSS-010 it was noted that the two end blocks at each
end were chevroned inward to the center. In other words, the laminations of the end blocks
were displaced in such a manner as to cause an offset of approximately 3/16" of the base
of the lamination toward the center of the magnet relative to the top of that lamination.

These displacements were found to be caused by installation of the end bonnets over the
shimmed and therefore oversized end blocks.

Strain gauges mounted on the 3/4" end plates indicated very little residual stress in
the end plates. Deflection measurements of the end plates gave no indication of residual
load.

Collared coil disassembly unearthed a damaged ramp splice in the upper coil. The two
halves of the G-10 splice housing were displaced relative to one another by .047" on the top
and .023" on the bottom. The nylon screws holding the assembly together were deformed
in similar fashion. Upon separating the two halves of the top ramp assembly, one of the
halves was noticed to be cracked.
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Two unfavorable production events could have contributed to this damage. First,
during collaring a different location along the collared coil assembly was overstressed due
to a hydraulic malfunction. It is unlikely that this was the cause of the ramp damage but
it must be considered for completeness. Secondly, because coil assembly was completed
before collars were available, a production step in which the ramp is fitted to the ramp
collar pack was omitted. It is believed that a poor fit caused the ramp damage.

Finally, the lower inner coil had poor epoxy impregnation at the end. Many voids and
cracks were observed and the end of the coil was spongy when subjected to a firm grasp
(Photo CN4-110-88).



n O
[ alen ™
T
~ 2

e

_.0—.0 t.W\QE@ \-N* 0£0$)‘§ xﬁ*\ -\lhq trth\ 0

parormoy ymind_tpogs ou R0 P @

\u\.o.x..c;t fuas 0N b N U ospaeys yruank ®

~ au(sd o.v_ﬁv
N
~ ¢
Ww & e . o | 1bhe seoll Le|l e
O 3 | lﬁ O IEX: %3 _se| ot
e T [ewj@n [Aibe| 839 s8] b
Ly o £/ I A S s pe| @l
M ot o UGN [fees s <2 &
< W Y N (bt ost9| . we| 9
< n__m - o lM N KRR X (2 95 A LR
LA @ e ey | [ I L e
> T /e | TR T ] | [Zess| LI €1
¢ I B A I AL A 959 81|77
T I/, N L1 X W L2, I N N ]
S e | || TTPAO | A IR L |
aOn . “ LN G E372% 2 DR I 1~ 227 L7
o R AT L3 6] 10 |65t |%, 2G| <] b
< ISR I N A A TS B o Ty : sy v &
N il ot Fpa gl | e S| %59 M| _C
< T T oot| 1N | BhA ghpel o1 9
Q - e 5%t| (0 |9k wH| L[ o
* I R RN res9| Pl A
3 st F 9| 9bl| 17 |eLhd] | g3ty (L ¢
i Y FBI| 17| oA | kod 9 |
3 T Wi AR bR inlcmk] 2 YL /
1 |Se | EE T o 7 #
Q st 9) 2478 | nesqy ﬁ..h\v.u“....& Lyppoys %...G.F @%WM _®H\M .SH o :8-:%_

(wp)) ol 350 J



a—

s

WA ADDION WESLAY PUM Vil

Mk
A~
'

t

LITHOmaM Y

. 3 ( “ - i .o ! I
:——-(_D—-lo—.'?éf ) x. 002 = /Q. qg{_‘;ﬁw

DSS ANowed JLTIPOLE Summaly

N
V”?J:‘ V"/"P’;(‘ ';';‘/ e -Qv m-a/o.nf;, F q- 3¥-%%
Shme in AN |
pss2___ 7. H & b 0 _dergn

——— - ——— e e
. »

'
e

f";__él _(-2.9 )_:[,-73?_ 28 29_ 365 —h%0 —.o3

SO SUNE=D - BRI < SN L & AN 7% =Y.

b =Tl mas =7 m0f =07 =20 O ]
by ¥.0d o6 .06 10l 4,08 ___.o4 O _

T ThE ROV T ner e o8 = ex _ _06_ 0¥ "~
b, T = _=ol _mex  _Ziow 0 e.ol =9/

"B/ [0 Y w0993 (10.42 TG (0938 ©0.417. 70,926 T

! i
M )
} H
| i - } 1
N
I
t
\

‘; C j !Q_(}- 5.}-; l,éjn“cl fme/«o/@_#_-gfn!l ¢J§ &gizw

S ' :T Agté_ﬂ-




A-rC-/7
Bt TZ 3739l
:LT:A al {12 9Ad|f0 u_é bumwanys ussum“b son) o/ ﬁaa.;%a:N v
L =235 ?_.‘_L\-&uas s@.w rve AM:..\.\\vv,uw..G: R AP Etu‘ rosuoree) &
ﬁ.ou Lt ) Llal /TR 2l vao%.{.\\;t
el run ._nm% o rqediyy s oy o w& Ta0]on dot g sod wadfaq wc..ﬂa_a.\c‘.iv
C?a:.‘\a\\.n:.ﬁcsku\&‘Hm.::\. dq.Q»V.. ‘Aon  ‘smow el np :.Su\u.wouwu, ®
.v.\..(: \TQ\ %suwnc.nr_vm 'O
G0t [onourg

& 90" o vas n~
I - cor o \M,,_
m- ﬁc “Qt pﬂ.l . J
(Lo) 917 e o e 3
\ * - \Q...l . o'y @§
T - [0 10'> F\U
- - |0~ 09
S . ~0 - 90’
2 c. 30~ To’
;. “ ht'= L’
9- [ . “
. . . . .
{to)ee T . p
5.0 .st - 5
= s3q $Sa
M\y:gu‘s*

ﬂmM [+ 92 w\‘.:& \Wtyr‘vsrsuuwﬁw

53704 1L70u Qmaoﬁis-guzm(z WMQ.




8=-11108
£—LLLIG8
9—-L 1108
S—11108
¥—=11108
¢e=11108
Z—L 1108
l=11108

GOC%

.v ‘..Q._\\\‘\\.\..

NIVALSOHIIN 034NSVIN
0062 a0og 00St Qoo

00g

\..V
@\Nv

7

K

13 'S Wevm
SJONVY 1100 01054

000¢

G00+

6009

000%

00001

000¢1L

C00¥ L

00091

00081

SS3HLS TOID

led



7 sonbid
NIVALSOHIIW d3ANSYIN

coos 0052 aooz 0GG | Qoo 1 00S 0
o
- 000T
000%
O
'®)
0009 —
)
% 0008
8-11108 —m— k\ o
[—11108 —a— \\ | 0000l VI
: L)
9= 1108 —4— ooozl £
¢—-11108 —o— \ o
r=11108 —%— : \H ooo¥ L
¢=11108 —A—
|k¥ 00091
Z—11108 —— m\n
I-11108 —8 00081

EIS A
SAONVYY 1100 0105d



DSS10 COIL STRESSES

INNER COILS
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DSS10 COIL STRESSES
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DSS10 COIL STRESSES

WARM—-UP & DISASSEMBLY
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