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THE DESIGM, CONSTRUCTION, AND OPERATION UFDATE OF THE ISABELLE RING “ACNETS" co (W F‘ 796337 - —Y

A.D. Melnturff, €. 3leser, D. Zrown,

D. Kassner, J. Xaugerts, X. Robins, W. Sampson,

abserace -

This raport updatas the various desizns and proto-
types tested since the last Conference. Included are
the operational data of a subassembly of che old 200 x
200 GeV machine design as well as the latest larger
prototype ring magnets with their strong points and
shortcomings. The working line coil system design pres-
antly geems to be nearly compleied, having gone through
major revisions to increase its possible operational
range. Oue of the major design goals of the magnet
series, that of each unit being able to absorb their
own aenergy, Seems co be well in hand. This feature en-
ables the magnet string to be protected without external
incervention, i.e., without external energy dump or
driving the magnet windirg normal by an active extermal
circuit. Simply scated, this means that the magnet's
L/R time constants during quench are short znough to
prevent thermal damage. There are cwo series of proto-
sypes. The first type Ls the 30 callad "Standard™ which
will become the ring magnec for ISABELLE. The second
is that {n which various characteriscics and/or limics
of various parameters are zxplored. Various parameters
such 31s specific heat of the windingzs, increased metal
packing fractions, and resistivity of curans (in the
normal state) are Sracketad. The 400 x 400 GeV version
of ISABELLEZ! requires acold aperture of 13.09 cm, quad-
rupole nagnetic length of 1.5 =, and dipole lengeh of
4.55 m at a peak dipole fiald of 5.0 T, Two machine
size dipolas and one quadrupole are being presencly
testad.

Introduction

The operation of magnets at high magnetic field
(i.e., bigh curranc) for long periods {s-an ideal ap-
olication for superconductivity. The cyclic aature
of superconductor losses is an advantage with respect
to the low duty factor of a storage ring. The much
higher magnetic fields attainable due to tiwe increased
coil current density results in a reduced physical size
of che machine for a given peak enerzy, therafore mak-
ing the device more aconomical to 5uild and aperate.
These high field superconducting magnets have che char-
acteristic that the quality of the field is dependent
upon che conductor placement accuracy, i.2., as in the
case of an aircore magnet, and the surrounding iron shield
acts only as a nirror image of the conductors and is not
the najor field shaping alament as in mora conventional
foom tamperature magnets. Due to the million ampere-
turn current and axtremely high nagneric fielas, thaere
are enormous coil forces present wnich aust be con-
strained to less than 0.3 zm in the azimuchal and
radial direction, and less than L ma in the longisudinal
direction. In a device that has a stored enargy in
excess of 1 megajoule, there is an interesting con-
straint due to the nature of superconductivity and
specific heats of materials at these low cemperacures.
A release of thermal energy of as little 2s a faw ailli-
joules can cause the magnet winding to become unstable
and switch te the normal state, ther2fore, prasenting
the designer with an interesting englineering problem.
The Lacast avaluacion 2f the nagnets needed for ISABELLZ
are presencad here, with their atsribuces and decriments

discussed.

Magnet Desizn

an ISAB_EI.LE ring agmec can »e sizply iescrfned
as a pair of single iaver saddls colls «#ith a cosine
#ork performed under the auspices of :he U.S. Depart-

nent of Znersy.
+“3rockuaven National Lzbhoratory, Upton, NY LL373.
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(m8) tura distribucion that are preloadad and restrained

by a cold tror stield which serves as the ilaner dewar

vessel as well. The ryplcal winding cross seccions are

shown in Fizs, l and 2.
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‘Fig. 1. The turns distribution utilized ia the standard
ring magnet dipole. One pole is shown here.
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Fig. 2. The turns discribution utilized in the standard
ring magnet quadrupole. One pole is shown.

These windings are constructed using a aydrau-
lically clamped fixture operating at alevated cempera-
tur2, as snown In Fig. 3, The actual coustruction de:a;ls
-

and cechaigques have been covered in previous sapers.”
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This is an end-view drawing (axial) of che staam
neated, hydraulically loadad iron winding Iixrure

ceils,

Fig. 3.
used for the I[SA3ELLT
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The peak magnet demand during the construction of
ISABELLE will require eight digela fixtures and two
quadrupole fixtures which are ;n:ese'll:"" under con-
struc.icn. They will be capable of produciag a xagnet
a day. This should escabla a production of 250 sets
of magnet windiangs in the course of a calendar year.

Imporzant desizn paramefers zhat were discussed
in che prototype prograsm zan be divided roughly into
twWwo catezoriaes: matarial properties and magnetic
sroperties. One of the dore lapertant aaterial char-
acteristics is the compatibility of the mc:erials in
the coil winding package during the cool-down cycle
from room cemperature to operating (4 X) temperature.
anocher inmportanc fzature is the ability to withstand
the large compressive forces ancount2red at both ands
of the cemperacure range. The compressive load of the
interface f£it hetween the iron core and the magnet
windings is -na\:i:\um when both coil and iron are ac
Toom l:er.xpe'a\:n.re after che insertion of che coil.
pagnetic load Is maxinum at cthe system operating
tamperatura (4 X). Another pradblem appearad during
te elevatad :mpera_:ure cure cycle of the "3" stage
3poxy rasin used on the co2il ::at:le.g-1 itseif. 1In order
o increase \:he aodulus of the coil and reduce the
sarinkaga coeiflcient, {.e., %o achaieve creased com-
patidility 2f the iroa cor2 aad cthe windimgs at 3X during
the cura cycle, (1409C) che wiadiags are subjected to
aigh pressure uncil chey ceach proper size. Tais
combination of high camperacurs and pressura craatad
osroclems in the choice of the post and wedge materials
(the on.e,max. naterials had deformation camperaturas
less than 100%C) ess entially the impossidle require-
meat of trying to obtaia 0.1 nillimetar :olerances
with gelatin., another mechanical propercy of Impor-
tance for stability is as aigh a modulus as pessible
faor the winding. The mostc important aagnetic prop-
ercies required are: pradictability and raproducibile
izy Of the magnetic field shapes with the abilicy t2
alter those shapes as requirad for maciaine operatica,
and, the abilicy to achieve the hizhest raliable mag-
necic Fiazld inctensity possible within the aconomic
zonstraints ziven. The materials thac have evolved as
well as the winding and moiding techniques used in
conjunction with the contaiazeat of =he coil sTructure
oy zhe iron shield has rasulted ia a design that nom—
inally resulcs in magnets which achieve the following
dasi ad properties:

The

the zagnat ars

The quench charictzarisctics of
suca that th

iete ars no fheraomechanical discorctioas of
the curns when all of the stored energy of zhe davica
is internally dissipacad. Tha high aziouthal gqueach
velocity (turn-co-turn) causes cthe 2nergy 2o be dis-
tributad over a large volume of the coil. The hizh
velocity is a result of the Zollowiang three ~ond1: ons
bYeing met: a) Thera are no epoxy or thermoplastic

from the pole tip to the midplane wedge on the L-:ner
diameter edge of the coil with the exception of th
turn~co-turn fidbergiass 2poxy insulacfon tape.

o) The fiberglass epoxy insulatisn zape is very thin
and has a very high giass o vasin ratio (sea Fig, 4).
¢) The high aspect ratio of the zanductor (width to

caickaess ~ 23/1 results in 3 larze conductor surface
arsz to volume razZo. <ne-seventh of che azimuthal
path of =he imner diametar of the 20il Irom the first
current bSlock o the aidplane is occupied by Iiber-
glass and "3" stage epoxy, and the rest is mecal.
interastiag Zeaturs 35 she magners is that they
reach a faxizmum coil temperalura at 2 £iald bYelow the
seak achiavable field. This feature is true even if
=he quench L5 ctraated adiaoa: ca;. ly and not cransforzer
srs 3 shows a 3loc
.or ISAZZLLE protetype LS
measurad. Noce ac R
ciald zouples zhe irom corz
39.9 T/sez.

an

2cupled with che iron core,
»I2dt and jeak :temperaturs
Soth caleculacad =

iv,

Fig. %, Magnet braid to Sra2id ealargamant showing glass
fibers and the aultifilamerc supezconductor
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5. . The maxizum coil temperarura T
righc na-'zd side of the peak : H
20il if tie quench initiate i3t ]
density -agmn. This i1s a plot of data obea

134 MK-XIV.

he coil pacrage is restrained
az.:uc'ial'v by the intarfarence fit in ch

This is accomplished 5y faserting the 301

fron

i1

77 K into the laminated roonm temps2rzsture iren shisld.
1f all of the components £I11l the radial

This preload
axtent of the coil packags, resulss
r2aching short sample performance af
a aininal of training.

in the magnet

The parameters cthat have Seen axplorad in =
experimeatal series are shown in the following

3
and w%ill be referrad to 3y zumher in the sacsion on
rasults,
1. The transfer jfunccion Of Zhe magnet =as jeen
increasad. The dipole Zuaction from 1l1.5 33 ta 13.3 3/a.
2. The current demsisy availadla in the 3asic
conductor has been increased By about 3%.

1. The affactive curraac .‘.ens;:_-' a
2f{acsive rasistivity 3f che windiag has ad,
a3 well as tha guench currant.

conduczor with



Table I. TISABELLE Magnec Paramecers

4. The effective resistivity of some - £s
of the magnet winding has been increased. This i3 to
increase the quench propagation and decrease the 3
dependeace of various magnet parameters,

5. Better mechanical control of the materials
that compose the coil package has been achieved.

.6, Better saturation parameters of the iron
shield, due to geometry, has been achieved,

7. The effective resistivity of some part of the
winding has been decreased. This is to improve
stabilicy and cthermal conductivicy.

The various experivental and standard magneta
have led to the present designs which are shown In
Figs. 1 and 2. The design of the double layer magnet
is essentially identical with that of the single layer
except one magnet winding nests inside the other. The
inner layer is wouad first, chen banded and the outer
layer is clamped onto the inner magnet's outer bands.
The crossover joints (i.e., where the two halves of a
coil layer are electrically comnected by a lapjoiat)
were nade external to the outside coil, for both cail
lavers.

Magnet and Magnet Svstams Yerformance

The parameters of the experimental series of
prototype magnets have varied considerably, as has the
performance. The standard aagnet series represents
a compromise based on parameters that vyield the most
reliable performance aconcmically. The performance
and characteristics of both series of magnets, including
those of several full size standard guadrupolas, have
been summarized {a considerabla detail a:z zhe Applied
Superconductivity Confarance in ?ittsburgh in 3eptember
1978. Recently the injection and ejaction seiemes
plus several other beam cousiderations have aecessitated
an increasa in aperture from 12.l1534 ca to 13.09 cm ia the
scandard series. The most recent experimental proto-
type dipole tested, YX-XIV, exceeded the design fisld
of 3.0 T, reacning a maximum field after considerable
training (44 quenches) of 5.1 T (representing approx-
imately 97% of short sample performance). Training
is defined as a superconducting o aormal transition
of a magnet at a lower current than the Jdevice is
potenrially capable of, with an increase ia the current
attained upon sach successive transition.

In Table I the parameters for the aew praproduc-
tion ring magnets and I[5a YMK~AIV are listad.

The Half-Call saries test was performed to zain
axperlence in the proposed series aperacion of the
magnets, both sryogenically and elactrically. The
Half-Cell was that of the older 200 x 200 GeV version
of che ISABELLE lattice consisting cf two dipoles and
a quadrupole (MK~II, ¥V, and QUAD I). In the forced
flow system, high pressure helium gas entered the
firse dipole {¥XK~II) and passed through to the second
dipole (MK-¥) and then went on to juadrupole (QUAD I)
before returning to the rafrigerator via the incer-
mediate shields which enclosed each magnet.” The
superconducting intercoanections for the mafa and
_working line coil system were routad through the high
pressure helfum gas lines from coil co coil. The iron
core lamimations and the stainless steel tube that
neld them also served as che aigh pressure vessel and
inner dewar. Tals scandard Half-Call stryucture would
be repeaced 103 times in che 400 x 430 GeV lactice
with the excepcion of 3 dipoles, aoc 2, per Half-Cell.
The quench procaction far shils protoctype Hali-Cell was
based on a combinatinn af rellef valves oan both sides
of che quenching magnet and a cold diode acrass ths
magnet's cerminals in ordar o limic the Jorward

Sxperizental
Double Preproduction Quad
__Laver XIV__ 00012 00023 3001
;‘?;121 _;‘51") 5.0 5.0 5.0 5.0 4.7
a .23 1.25 1.35 1.35 1.4

3(0,00{388ened) ST ST L)
lst Quench 4.98 3.2 3.8 3.9
# Quenches 24 56 28
L.d. em 8.5 12.2 13.1 13.1 13.1

£ _Short Samnle

1st Quench 73 58 60 72
11{rh auench a7 o7 22

Currenc Density

"J" ln/em

Tucl. Ins.0 21.9 3.1 35.4  35.% 35.4
Cunduecord 24, 39.3 41,3 41,3 413
Max Achieved 99 ) “h h 4 =

Larametersc BNLd  3vid  westinghoused
Varied 6 2.7 std.

TATmOnLic, (5.2 1] x103

93 * 0% em™e -0.3 -9.25 3.4 bg 1.3
5, x 108 ex~d 17,0 1.6 1.25 by

ZzadnT/cm (max) _ax 7.0
nated (MI) Q.22 Q.77 0.65

Mag. Leageh {m) 49 192 44 150
10 K Res. (ml) 105 272 290

Indues. "L (mi) 43 77 120

Iime Const. l/e

Magnecizacion 38 37 37 37
sec

Quearh (L/R)® 0.4 9.16 0.5

~oss ISA 6 W/a - - - -
Ref. Mode Pool Pool 200l Pool

_Damaged ¥ N ¥ N

a) tests aot completad yec; b) design; c) these
nuabers axplained in design saccion; d) coil
fabricator; o) l/e current decay time with 5 22
across magnet tarminals during a quench.

voll:age.6 The purpose of the relief wvalves is twofold.
First, it raduces the pressure of the hoc gas wave that
is generatad in the quenching magnet, and sacond it
assures a high enough nass flow pasct the incarconnecting
bus, in the case of two or more magnats iz series simul-
taneously quenching, to prevent it from being damaged.
The cold diode virtually eliminates extarnal anerzy
from being dumped into the quenched coil. This zagnec
array nhad external leads connecced to cthe intermagret
buses, in case tie cold diode scheme proved unworkable.
Thase leads, however, had very nigh losses and there-
fore limited the lowest tamperature attainable. The
system raached a temperatures of 5.5 X at the warmest
magnet. The quench current ac this tamperature was

3.5 kA which corresponds to a dipole field of %.3 T.
The system was operated for a period of five weeks
without accidental quenching. The quench protection
scheme (f.,e. zold dilodes and relief valves) worked
exceptionally well on tha schaduled juenches. In all
but two transitions of che nagnecs to the normal sta:ze,
the transition was confined co che initiacing magnec,
and in those cases whara it was no¢, the succeeding
magnets wera at a auch lower power level by the cime
they reverzed to the norzal stace.

There is presently undar censtruction a gre-
consczuction cell whiceh will wuse the Wastinghouse
asrcduced main windings and 3NL produced workisz linme
coil systems. This systea should Secome aperacional
by late £all. This 1s 3 standard cell Sor I5a33LLE
concainiag 5 dipeles and 2 cuadrupolas. This systam
R2 sevotactiion scheme Zascrited sztova,

isdes and orassurs ¢ < valvas.




Mechanical Data and Errors Analysis 2f Testinghouse
Preoroduction fagnst Series
A mechanical analysis of che first & poles com-
platad for the new size ring magnets may be summarized
as follows:

Midplane Depth Post Radius
Deaign Q.244" 2.8275"
+0.004" 5 +0,005"
Measured 0.242 -0.005" 2.830 -0.007"
Expected 0.250" 2.8275"

The average difference between the design value
and the expected value i3 due to the differenc axpan-
sion coefficlent of che newer high density coils. The
radial size increase was due to a change in material
and to the size of the post mold being designed for
259C and the post being cured at 14539C. This size
difference accounts for the increase in by from the
computer desiga value of 290 x 10=6/ca o the
zeasured value of 330 x 10~3/cm? in 000L. TIf we
compare two Or more magnets with one another of the
westinghouse series it is possible to estimate the
random error. The early mechanical measurements
indicate a random error of 5Q¢ x 10-6/cm?, which is
about eight times higher than the desired goal of
8 x 10=%/cm? for the rms error,
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