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Abstract

Two short prototypes of the new HERA superconducting
dipole magnets with 75 mm inner bore have been built
and tested in a vath cryostat. Both coils have reached
the short sample current of the cable after a few
training steps. The quench current depends linearly
on the temperature between 4.0 and 5.0 K. The field
quality of both coils is in general within specifica-
tions. There is no current dependence of the higher
harmanics except for the well-known hysteresis due to
persistent currents.

Introduction

The proposed electron proton storage ring HERA1 re-
quires superconducting dipoles, quadrupoles and cor-
rection elements for acceleration and storage of
820 GeY protons.

At the time of the ECFA study for HERA (1980), the
only successful concept suitable for mass production
of superconducting magnets was that of the Energy
Saver magnet at Fermilab®. Many principles of this
concept have therefore been adopted.

Following the concept of the first ECFA study, three
warm bore, warm yoke prototype dipoles of reduced
length (1 m) with 100 mm inner coil diameter and
4,73 T nomingl central induction were built and tested
successtully?.

Meanwhile, a review of thﬁ proposal has resulted in
major changes of the concept®, mainly for cost reasons.
The new design contains cold bore, warm yoke magnets
of 75 mm inner coil diameter, 4.53 T nominal in-
duction and 6.08 m effective magnetic lenath.

Before producing full size prototypes, two coils
of 1 m Tength have been fabricated and tested.

General Magnet Description
A cross section through the magnet is shown in

Fig. 1. The main parameters are listed in Table I.
Table I - Main magnet parameters

central nominal induction B0 = 4,537
central nominal induction without BCo = 4,097
yoke

max. induction in conductor

with yoke Bpax = 49157
nominal current In = 5569 A
number of turns n = 102
inner coil diameter dC = 0.075m
inner yoke diameter dFe = 0.277 m
iron yoke width Weo = 0.500 m
iron yoke height hFe = 0.380m

The main features of the magnet are; two coil shells
clamped by stainless steel collars amnd embedded in one
phase helium; a two phase helium return path for heat
exchange; insulating vacuum and heat shield at 50 K;

a warm iron yoke.

The Conductor

The coils are wound from a keystoned Rutherford
type cable with specified parameters as listed in
Table I1. Each of the 24 strands in the cable is covered
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Fig. 1 - Magnet cross section. Coil {1), one phase
ﬁe?fﬁm (2), two phase helium (3}, insulating vacuum (4},
shield cooling gas (5), beam vacuum tube {6}, iron

yoke (7), coil support (8).

with 2 0.005 mm thick silver tin layer (5% Ag,95% Sn).
The cable compaction facter is 0.90 so 10% of the

space in the cable is expected to be filled with liquid
hetium.

Two different types of insulation have been used
{see Fig. 2). In both types a first layer of a 12 mm
wide and 0.025 mm thick Kapton tape is wrapped around
the cable with 60% overlap. The first coil, labelled
151, has a second insulation Tayer of 0.075 mm thick
and 9 mm wide Kapton tape wrapped around the cable
with 1 mm gaps between adjacent turns. The tape is
covered on both sides with Thermibond®, a polymerized
polyimide glue with a curing temperature of 180°C.

Fig. 2 - Cable insulation, Rutherford type cable (1),
Kapton layer (2}, Kapton with Thermibond for coil

151 or B-stage impregnated glass fibre tape for coil
182 (3).

In the second coil, 152, the second insulation iayer
consists of 0.12 mm thick and 9 mm wide glass fibre

* Schweizerische Isola-Werke, Breitenbach, Switzeriand.
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tape filled with 24% B stage epoxy to be cured at 160°
C. Here the gaps between adjacent turns are 3 mm.

Table II - Conductor parameters

cable height h = 10.00 £ 0.03 mm
cable inner width W= 1.28 + 0.02 mm
cable cuter width Wy = 1.67 + 0.02 mm
number of strands n, = 24

strand diameter, untinned 4 - 0.8 : 0.0l mm
copper/superconductor ratio o = 1.8 :0.1
diameter of filaments df = 0.010 £ 0,002 mm
number of filaments ne ~ 2460

filament twist pitch Pe = 25 mm

cable twist pitch p. £ 120 mm

nominal operating current I - 5669 A

critical short sample current n

in cable at T = 4.6 K and I, o= 6318 AxE

B=55T crs

xx It should be noted that coil 152 and one half coil
of 151 have been wound with cables with a few per-
cent lower critical current.

The Coil

A more detailed cross section of the coil is shown
in Fig. 3. The upper and lower half coils are fabri-
cated separately. There are 32 turns in the {inner and
19 turns in the outer half coil. At the ends of the
inner coil, 25 mm wide spacers of glass fibre rein-
forced epoxy (GI11) are placed behind turns 1, 3 and 9

in order to avoid a field enhancement®. The cured
inner half coil is covered by a 0.5 mm thick GlI layer
with slots for helium penetration. The outer half coil
is wound and cured on top of this. To assure high
cross sectional accuracy, bath the winding mandrel

.Fig. 3 - Coil cross section. Inner coil layer (1),
outer coil layer (2), intermediate banding (3), coil
insutation {4}, stainless steel collars (5}, lon-

gitudinal rods {6), R, = 37.50 mm, R, = 47.76 mm,
Ry = 48.25 m, R, = 58.51 mm, ¢, = 7£.895°,
¢ = 35.117° (for coil 1S1),

The overall length of coils 151 and 1S2 is 0.98 m,
the length of the straight coil sections is 0.78 m,

The upper and lower half coils are assembled on a
cylindrical mandrel and insulated with 6 layers of
0.125 mm thick Kapton. 10 ¢m long packs of laminated

stainless steel clamps are placed around the coil from
top and bottom, interlacing each other like combs.
These collars are then pressed together in a large
hydraulic press until 10 mm thick rods can be fitted
through in the medium plane to lock the collars. This
design allows to open the collars without destruction
if a reshimming of the coil should be necessary. A
force of about 450 tons has been applied to close the
collars of the 1 m long coils.

Test Results

Both coils have been tested in a vertical helium bath
cryostat to measure the quench behaviour and the field
quality.

The first quench tests have been made at a fixed
temperature of 4.6 K. Both coils showed some training
(2 steps for 151, 11 steps for 152 to reach the design
current).

The maximum gquench current is plotted in Fig. 4 as
a function of temperature. The data show the expected
linear dependence except for temperatures below 4 X
where the magnetic forces are more than 40% above the
nominal values., At 3.3 K the maximum currents are
7160 A for coil 151 and 7240 A for coil 152 correspond-
ing to a central induction of 5.16 T and 5.22 T, res-
pectively.
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Fig. 4 - Quench current versus temperature. Bq

Thduction at conductor = 1,085 . B0 .

The magnetic field has been measured with a 0.3 m
1ong system of radially arranged coils rotating slowly
around the symmetry axis. The field gquality can be
characterized in terms of the harmonic coefficients
b for normal multipole fields and a for skew multi-
p51e fields. These coefficients are Obtained from the
Fourier expansion of the azimuthal field component

B {r,¢}) =B L L

{r.¢) = B, E { A
B_ is the induction on the axis and o ® 2.5 cm the
r@ference radius.

Before starting the field measurements the current
was ramped up to 6000 A and down to zero again. The
measurements of the harmonics have been performed at
a number of different currents along a second complete
cycle.

The harmonic coefficients as measured at 600G A
are tisted in Table III and compared with the design
values. The differences are in general small and
tolerable. The rather large 14- and 18-pole coefficients
are an inherent feature of a homogeneous two-layer
coil. In future magnets they will be eliminated by
wedges in both coil layers.

n-1 :
) (bncos ng - a, sin ng)
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Table IIl - Straight section harmonics without iron
yoke (at r = 2.5 cm, relative to Bo) at

6000 A
harmonic | design coil 151 coil 182
no. value
n bnxmi bx10* 2 x10% b x10*  a x10®
1 10000,
2 0. x -0.5 4.3 -2.3 -0.7
3 -1.1, 7.87 -1.0 0.2 7.9 -0.2
4 a. 0.3 0.0 -0.7 -0.6
5 0. -0.7 0.0 -1.2 0.3
? 12.9 ~0.4 0.7 0.2 0.4
. 14.1__ -0.6 i4.5 -0.4
8 0. 0.0 0.0 | o0.0®™ o.0*
9 -13.2 -12.6 0.5 -11.8 0.3
% design value -1.1 for 151, 7.8 for 152,
x2 used for off center correction of the measuring
coil system.
The current dependence of the quadrupole and sex-
tupole coefficients is shown in Fig. 5. Coil 1S1 has

a somewhat high skew quadrupole coefficient which
shows a hysteresis at Tow currents. The reason may be
that the upper and lower half coil have been wound
from cables with different critical currents, The nor-
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Fig. 5 - Straight section harmonics without iron yoke,
Deviations of mormal harmonics b, (quadrupole) and
Ab, (sextupole) and skew harmonicg Aaz and Aa frgm
degign values (b, = 3, = a5 = 0, b, =“-1.1 x 1074 for
coil 151 and b,%= 7.8 x 13-4 for Z0i1 152) versus
current,

Fig. 6 - Persistent current sextupole without iron
yoEe. Hysteresis during up and down ramping of current.

mal sextupole b, shows the well-known hysteresis due to
persistent .curr‘gnts. This is seen more clearly in

Fig. 6. There is a slight shift betiween the curves of
151 and 152 which may also be due to the different
conductors used.

The harmonic coefficients are constant at high cur-
rents. This proves that the coils are clamped with
sufficient precompression.
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