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Abatract

The results obtained during the evolution of the
design, construction, and testing program of the
design "B" dipole, are presented hers, Design "B" 1is
one of the original three competing designs for the
Superconducting Super Tollider' ®33C" arc dipoles.
The 1latest design YB" cross-section is shown in
Fig. 1. The final design parameters were as follows:
air cored (less than a few percent of the magnetic
field derived from any iron present), aluminum
ecllared, two layered winding, 5.5T7 maximum operating
field, ard a2 5cm oo0ld  aperturs,
fourteen 6hem long 5Scm  aperture model dipoles gold
tested {(at 4.3 and less) in thia program 3o [far.
There was a half length full size (6m) mechanical
analog (M-10) built and tested to check the cryostat's
mechanical deaign under ramping and quench
conditions.? Several deviations from the ‘'Tevatron’
dipole fabrication technique were incorporated, for
example the use of aluminum o¢ollara instead of
stainless steel, The winding technique variations
explored were "dry winding,"”’ a technique with the
cabls covered with TKapion insulatbion oniy and “wet
winding" where the Fapton was covered with a light
coat of "B" atage epoxy. Test data include quench
currents, field quality (Fourier multipole
co-efficients), coll magnetization, conductor current
performance, and coll loading. Quench ocurrent, losa
per cyele, and harmonics were measured as a function
of the magnitude and rate of changs of the magnetic
field, and helium bath temperature.

Introduetion

The ocold (s4.3X) testing of these early
prototypes (SB100t and SC1001) was conducted without
their oold iron shields. One of the features of the
latest design of the "3SC" dipoles is a cold iron
shield. The first two prototypes were %“iron core®
{greater than ten percent of tha magnetic field
derived from the iron present) designe. Both designs
included a cold iron shield. After axamining various
000l down scenarios for the machine, it was decided to
optimize the air core veraion of the Som dilpols. This
version had a definite advantage in the refrigeration
ecooldown and warmup cycle time due to the reduced cold
wass., The first air core prototype was oonstructed
from an existing ocable whose material was readily
svailable even though the dimensions would not result
in the proper magnetic field shape, SF1001. It was
primarily a winding exercise and quench performance
cheok (See Tabs. 1 and 2). The next series of
prototypes used a thick wedge, ({.e., the inner radius
pzeuthal thickness of the wedge was non zero), 3G100X.
Thase sagnets performed well, but hed the wrong turn
distribution as well. Then a series of prototypes
with the proper turn distribution were fabricated;
SJ100X for the dry wound series, and SX100X for the
wet wound series.  The magrietic field smpes Tor those
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series were not as good as had been anticipated based
on careful magnetio field caloulations (although they
wers consistent within a group). The problea was
finally traced to the collaring method and excessive
preload. There were actuslly 22 oollared ooil
assemblies made, but only 1N were ocold tested. The
magnets that were oold teated had their quench history
end amagnetic field qguality in the oentral region
measured and recorded. Their “"Energy(In) wminus
Energy(Out)® profiles were measured as & function of
current and rate of change of sagnetic field. There
was  a subset of these collared cofils which had strain
gauges mounted in them. Measurements of the load on-
the collar were made using these strain sauges. These
measurements include data from befors closing the
collars tc closure of the collsrs and then relaxing at
room temperature. The strain gauges were temperature



the magnetic field. It took the typical coll about
8lx quenches to reach 95% while the best performance
vas three. The coll SK1002 had achieved 993+ on the
third quench. The typical ccll had to be quanched at
reduced temperature to reach 99%+ or elae ten to
twenty times at ¥ 2K.

Collar Pralgad

The stress on the coll as measured by strain
ghuges in the collars is shown in Fig. 3. It is clear
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Figure 3t This is a graphical history of a ‘dry
winding' collared coll, SJ1008 from the time it was
placed in the ecollaring press through the lov
temperature power oycling of the coil to 5.8T and back
te O0T. Note the magnitide of the atreas during the
fnitial closing of the collars,

that the maximum strain on the collared coil package
ogcurs during the closure of the collars. The peak
streas ocours when the keys are slipped into the slots
in the collara that lock the collars together, This
stress is almost twice (1.93) that of the residual
stress left in the collared coil package after two
weeks at room temperature, Each collar lamination was
connected to its neighbor via two stainleas steel
pins. The pins couple adjacent lamsinations
wechanically {see Fig. 1}. The tolerances neceasary
to enable assembly also allow the right and left
lamipations to move with respect to one another. When
the collars are belng clamped on the windings by the
press, this hinge motion allows the cell to expand in
the "x* axis (midplane}, Once the keys are In place
and the press removed the coll loading reverses this
hinged motion allowing the collared coll to expand in
the "y" axis {polar). A soluticn proposed for this
problem 18 Lo Spot weld right and left pairs® at the
pin positions.

The advantage of the aluminum collars Iia
1}lustrated in Flgwe j, Seventy-one percent of the
pre-stress needed for the magnetic fleld lcad is
supplied by the difference in contraction of the
aluminue collars }I, ok AL/L = A5 x 10°*) versus
the coll package ([, .5 AL/L = 3 x 10 *). This collar
design employed keys "“to lock it 1into place. The
effect of the magnetlc Tleld loading 1s only about 20%

of the peak stress seen Ly the -coil--or--28§ ‘of the

residual room temperature stress after collaring and

being keyed.

Helium Irrigation

The amount of helium irrigation in theae colls

~ ~gyele for a“full =scale

was minimum for the dary windings to practioslly sero
for the wet windings. The vold volume 1in the windinga
that helium can occupy Is only & few percent. This
was nol considersd to be a problem becauss the oyole
time for the “SSC" was very long, requiring only a SO
gauss/second ramp rate, If hslium elrculation wars a
problem, then the quench current should be yary raap
rate senaitive. The data are shown in Fig. N. In the
worst case, only about a 10§ reduction in the quench
current for remp retes from 25 gausa/second up to 1660
gauss/second oceurs.
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Figure 41 This 1is a graph of the quenoh current for

the various models as a funotion of the rats of change
of wmagnetic field. Note in the area of interest = 50
gauss/sec, the quench ocurrent i1is very Insensitive.
The symbol "K2" stands for the collared coil assembly
Sx 1002, Xt = SK1001, J3 = SJ1003, sto.
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Figure 51 This 45 a pgraph of the data of the

Energy (In) minus Energy({Out) as measurement as plotted
by the computer. ’

Energy Loss and Coil Magnstization

Fig. 5 is typical data of Energy(In) minys
Energy{Out)® for the prototyps "SJ1010". The loss per
12m collared coll asseably
would be ~ 338 32 36 jJoulea for the 17y fllament
conductor used in these prototypes. The 1lbss/cycle of
these prototypes Increased about 208 by increasing the
ramp rate a factor of threes times that proposed for
the SSC as shown in Fig. 6. This value would be
reduced by a factor of four to eight in the actual



the short models was measured. The magnetic length
was found to be 68.38cm as shown in Flg. 9. The
*Morgan' coil probe was located at the center of the
magnet and was 38,1cm long; therefore, the effect of
the model magnet ends ahould not be present in the
harsonic co-efficients measured and presented in
Tab. 4.
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Figure 9: This 1s the axial profile of the magnetic
fleld as messured with a Rawson probe. Notea the
megnetic length of the wmagnet is 68.38em or the
bending power is H{0,0) middle of magnet times 0.6838
= 0,5853T-a.

Table 4. Measured Fourier Co-Efficients x 10" 1/cm"

B N 8, Ay By

w3 -1.6 -0.9 ©¢.7 T.2 0.6 -0.7 0.2 -0.3

A ] l. l.

1006 %S -0.7 -0.8 1.3 0,4 -0,3 -0, 1.0
1000 N2 ) 1.2 ~-0.2 T1.T 0.0 -0.1 -0.1 0.9
1009 1.0 1.0 -0.0 1.3 0.1 -0.2 0.0 0.7
1010 2.0 1.0 -0, V.6 0.6 0.1 -0.0 -0.6
001 0.0 -3.0 2.2 16.1 0.2 0.4 -0.2 1,7

w2 9.0 -t.0 0.6 13.7 -t.7 -0.0 -D.1 1.5

AR ee e ze

1003 0.6 -0.7 -0.% 9.1 0.3 -0.6§ -0.0 1.0

The transfer constant measured at 6000 Amperes
for & typical prototype was B.28 .04 gauss/ampere.
Note in the actual ring magnet due to the fron vacuum
shell, the ¢transfer constant value would be ~ 3%
higher.

Conolusions

The questions investigated and answers found by
this dipole prototype atudy were:

1. Is the design "B" iron fres magnet a viable
arc dipole for the SSC accelerator? The answer is

yes. The magnatic field quality {s reproducible, -and-

seems to ~be well undersatood. The oconstruction
technique ui%l control the harmonics to within a unit
(x10™" 1/0m") of the desired value. The operating
magnetio field range of 5.5T to 6.0T, which has been
demonstrated for the design "B® sagnet, is certainly
acceptable for the 3SC,

2. Is the 'dry winding' technique viable as
production method? This question 1s anoweresd i1
detail in a companion paper by "Carson and Bossert®'
at this Conference, and by the magnet performance
reporisd here. After a period of development, seversl
collared coils were sucoessfully sssembled and ter °,
The performance problems with the magnets, when
ccourred, were normally fixed by tightening
revorking the ends of the ooils. The production sost
savings are obvious due to the absence of the ouring
steps. Therefors, additional development to further
perfect this technique should be pursued,

3. 1Ia the 'wet winding' technique using "B
staged epoxy coated Kapton only rather than the
combination of "P" ataged fiberglass and EKaptom,
viable as a production method? The answer %o thias
question 1s yes, as well, This particular fabrication
technique, slthough it did not remove the ouring step,
produced higher density windinga than fibderglass
insulated ones. These higher density windings, of
course, were capable of producing a higher magnetic
fisld for a given winding volume.' The best quemch
history of this study was a collared coll produced by
this technique, SK1002.

B, Is aluminum a suitadle collar material? The
data shown in Fig. 3 clearly showus one of the best
features of aluminum, namely the reduction of the
preload needed to offsst the magnetic lomd. This
reduction ocan be as high as 70%, as was the case in
8J1008. The performance of the aluminum collared
coils have been as food or better than their stainless
steel counterparts.
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