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Abstract

This paper reviews the progress of the Karls-
ruhe superconducting pulsed magnet work. The ex-
perimental results of the first two magnets are
discussed and the present status of the subsequent
magnet family D2a, DEb and D3 is described. Results
of superconductor and material properties measure-
ments are presented.

I. Introduction

The high magnetic field capabilities of super-
conducting materials make possible the construec-
tion of pulsed accelerator magnets which are es-
pecially suitable for large synchrotrons with low
repetition rates. With the construction of the
300 GeV proton accelerator now under way at CERN,
the application of high field pulsed superconduc-
ting magnets to increase the present machine en-
ergy to about 1000 GeV has been taken into con-
sideration. Convincing demonstrations must show
their suitability and reliability before a decision
can be made whether superconducting pulsed magnets
should be adopted to uprate the machine energy.
Each group of the GESSS Collaboration, comprising
the development teams at Rutherford Laboratory,
CEN/Saclay and IEKP Karlsruhe, has built and is
going to build and test several different prototype
magnets which will be in line with the requirements
of a superconducting accelerator concept. - This
paper gives the Karlsruhe laboratory status report
with respect to pulsed superconducting synchrotron
magnets.

II. Magnet Programme

The superconducting pulsed magnets of rel-
evance to a synchrotron programme, which have been
completed and tested, which are being built and
which are under design in the Karlsruhe IEKP Mag-
net Group are listed in Table I. After the two
first stage magnets D1 and DT have been tested
providing a lot of engineering and experimental
experience, the prototype magnets D2 and D3 are
fixed to produce a 4.5 T central field in an 8 cm
aperture by a modified cos@ current distribution,
the coils being surrounded by a cold laminated
iron yoke. The variability of the concept is dem-
onstrated by the fact, that two different iron
yokes (close saturated (a) and far unsaturated
iron (b)) end two different conductor configur-
ations (five double layers of a nearly square
cable, two or three double layers of flat cable)

*+Work performed with the financial support of the
"Bundesministerium fiir Bildung und Wissenschaft",
Bonn.

will be used for dipoles D2a and Deb.

Adopting the version which proves to be best
with respect to engineering considerations, meet-
ing the design specifications and reliability,
dipole D3 will be built with the only essential
change of doubling the length, its geometrical di-
mensions being close to the requirements of a
superconducting synchrotron concept.

The programme summarized in Table I reflects
evidently the conductor development. Dipole D1 was
wound from a multifilament superconducting wire,
before the cabling and braiding technique necess-
ary for high current conductors had been developed
for commercial use. Dipole DT and DEa are wound
from a InSn-soldered cable to avoid the undesirable
training effect caused by wire movement. However,
one has to put up with a severe disadvantage: the
solder short circuits the individual strands and
thereby increases the losses due to matrix currents.
Thus, soldered cable magnets, from the point of
view of tolerable ac losses, are only acceptable
for field rise times of about 5 seconds or more. -
Increasing the interwire resistivity by poisoning
the solder and thereby reducin§ the losses has
been studied by the BNL-Group.

In the next stage dipoles DZb and D3, a fully
ingulated cable or braid will be used. This conduc-
tor concept completely removes the disadvantage of
enlarged losses and thus enables shorter cycle
times. To reduce - or even to avoid - training and
degradation, the multistrand conductor should be
impregnated with a filled epoxy resin system. In
dipoles DZ and D3 the spacers, made from fibreglass
reinforced epoxy, serve as compact filler, thereby
only & small amount of resin will be needed.

Dipole Dl. In a first stage a single multi-
filamentary superconducting wire was used to wind
a dipocle magnet of 0.5 m overall length (Fig. 1).
The concept of intersecting ellipses was approxi-
mated by a computer programme to give a total cal-
culated field error of 2 x 107".

The magnet consists of 7 potted pancakes per
pole with geometrical tolerances of * 20 pm. The
magnet exhibited training during the first 10
quenches to reach nearly its final dec field of 3 T
at 45 A, which is_f.gout 30% of the short sample
current at ¢ = 10 ftem wire resistivity. Further
cooldowns brought no significant improvement; prob-
ably coil movement has caused the degradation. In
quench case the stored energy was nearly completely
released in the magnet due to its high resistance
in the normal state. The quench voltages per pole
were about 500 V arising in 0.6 s, the current
being reduced to 55% of the quench current.

Dipole DT. This magnet shown in Fig. 2 has
been wound from a 10 strand cable with a central
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TABLE I. IFKP Magnet Parameters
Magnet n DT D2a D2b D3
Magnet Parameters
Coil aperture diameter or
dimensions, inside of
windings (mm)[ 2110 x 80 80 x 4o 80 8o 80
Length (iron) (m) 0.5 0.4 1.4 1.4 2.8
dc field achieved () 3 k.5
Pulse field achieved (T) 3 3.2
at
field rise time (s) 30 S
Specified pulse field (T) 4.5 4.5 k.5
at
field rise time (s) 10 - 20 5 - 10 % - 10
Operating current (a) 45 1035 1500
Stored energy at 4.5T (kJ)| 27 (at 3T) 15 (a)128; (b)ike
Iron shield inner diam- no laminated iron yoke at helium temperature
eter or dimensions (mm) 250 x 4o (a)i72; (v)216
Iron shield outer window frame
dimensions, cross 0.37x0.58x0.40 (a)0.3x0.38x1.4; 0.32x ? x2.8
section x length (m) (b)0.3x0.46x1 .4
Coil cooling channels, bath | channels, bath channels
cooling cooling bath cooling, forced convection
Coil and conductor
Coil design mod. intersect./flat race track modified cose, potted
ellipse, ends unpotted/race
at 90°, potted [track ends at
459, potted
Number of layers/pole - 31&} . 5 double 1. 2-3 double 1. 2-3 double 1.
Number of turns /pole 5600 306/ total coil 210
Inductivity at 4.5T (mHy)| 27000 at 3T 50 (2)130; (b)ias
Conductor manufacturer VAC, Hanau, IMI, Birminghem, England
Germany
Conductor type multifilament cable with central copper flat cable or braid with
wire core, InSn-soldered strands fully insulated
Dimensions (mm) 1.9 x 2,64 2.1 x2.6
Cable insulation glass braid terylene glass
br.
Number of strands 1 10 12
Strand diameter (mm) 0.4 0.5 0.54
Transposition pitch  (mm) - 30 20.4
Filaments per strand 130 1045 1000
Filament diameter (pm) 25 10 12 8 - 10 8 - 10
Twist pitch (mm) L 12.5 L <3 <3
Matrix Cu CuNi Cu
Matrix: NbTi 1.2 :1 1.5 = 1 1 :1
Max. current dens. at L.5T (a) (v) Conductor not yet
superconductor ~ 79} at 3T 130 117 129 finally fixed
strand (kA/cnE)| 26 53 59 65
cable - 21 25 27
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Fig. 1 Dipole Dl.

copper core, the cable being InSn-soldered to en-
sure mechanical rigidity. The cold laminated iron
yoke is of the window frame type with the rectangu-
lar window widened in a hyperbolic shape towards
the ends providing for a linear field decrease.
The 1 mm iron sheets are insulated by a 7 pm phos-
phate coating and screwed together by means of 4
epoxy insulated stainless steel pins passing
through the outer parts of the yoke. The coils
were fixed within the window by means of wedges.
The cable was wound to an unpotted flat race track
coil in the first test stage. Cooling channels
were spaced 4.5 mm from each other (every two lay-
ers). The magnet was mounted vertically and has
been operated under bath cooling conditions.
After precooling to 1N, temperature,0.15 liter he-
lium per kg irc.. were necessary for the cool down.
During the first period of operation,the mag-
net has been tested for almost 10000 cycles with
triangular pulses of £, 5 and 10 seconds pulse
duration. At a slow field rise of ~ 0.1 T/s,a cen-
tral field of 4.5 T and a peak field of 5.2 T on
the winding surface were obtained with a magnet
current of 1035 A which is in accordance with the
guaranteed short sample values. Neither degradation
I ) A

Fig. 2 Dipole DI.
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nor training was observed.

The current field characteristics of the mag-
net are shown in Fig. 3. The calculated curves lie
somewhat higher, which is due to an incorrect set
of iron-p-values in the computer programme input
data, as has been shown by recent low temperature
magnetization measurements of the iron used in DT;
a recalculation will be done. In Fig. 3, two field
curves of the coil without the iron yoke are in-
cluded. Field measurements were taken with Hall
probes and during field rise with an integrating
fluxmeter.

chl ~surface
Beentral

40

1. 1 L 1
] 200 400 600 800 1000 1200 A 1400
magnet current |

Field vs current for dipole DT at the
centre (x = y = s = 0), near the coil
surface (x =1.75 cm, y = s = 0) and
at the end (x =y =0, s =20 cm).

Fig. 3

For the case of quenching the coils were pro-
tected by a comparator device, which inverts the
power supply mode to an energy feed-back mode, if
there is an ohmic resistance in the coil corre-
sponding to a voltage drop of ~ 1 V. The compara-
tor consisted of a copper coil, which was adjusted
to give the same induction voltage as did the
superconducting coil. The maximum current could
be decoupled from the coil in about 1 second. Even
in the worst case of the coil being totally in the
normal state,its time constant L/R (L = 150 mHy
for unsaturated iron, L 2~ 50 mHy at 4.5 T with
saturated iron) is at least one second, thus near-
ly the total stored energy could be removed from
coil. The decoupling device worked perfectly, the
coil could be quenched without observing an in-
crease in the boil-off rate.

Losses were determined by measuring the He
boil-off rate a2nd later by a Hall multiplicator
device. Results are shown in Fig. 4 and Table II.



TABLE II. Losses in Dipole DT at Peak Field
Rise Time Peak Central Field Losses
("Permanent Pulse Mode")
(s) (J/cycle)
45 4.5 <8
31 3.5 14
9 3.2 130
2.5 3.0 107
1 2.4 90

eycte
120

Magnet losses

Pulse duration T

Fig. 4 Losses for dipole magnet DT vs,pulse dur-
ation for different central fields (tri-
angular pulses).

The boil-off rate method is correct only
within ~20% and rather time expensive to reach
a stationary state. The peak field values given
in Table II represent the maximum field attainable
during half an hour pulsing ("permanent pulse
mode"). Going to higher fields no stable permanent
pulse operation could be achieved, although some
few pulses could be run at higher fields without
quenching the magnet. This peak field is reduced
as the rise time decreases. The losses per cycle
are approximately proportional to the frequency
and the square of the field. This can be explained

- by the contribution of eddy current losses
in the end region of the iron yoke (iron
resistivity ratio = 8), where field compo-
nents perpendicular to the laminates exist,
by coupling losses, due to currents cross-
ing the interwire solder resistivity layers
and copper core (copper resistivity ratio
= 140),

possibly by shorts between adjacent layers.
When the cable was wound off, the fibre-
glass tape insulation wrapped around the
cable was found damaged at those points,
where the coil was wedged in the magnet
iron window.

It will be shown from the actual DT test runs
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with potted coils, whether shorts have made a con-
siderable loss contribution. On the other hand,
the severe influence of a low resistivity solder
with respect to coupling losses is well known.

The high level of heat production in the coil is
thought to be the reason for the lowering of the
attainable field with increasing pulse frequency.=
The iron hysteretic losses are about 8 J/cycle
at maximum peak field, the superconductor hyster-
etic losses about 4 to 5 J/cycle, both being small
compared to the frequency dependent losses men-
tioned before.

In a second test stage,the DT-cable is going
to be rewound in two race track coils with ends
bent at 45°, now being resin impregnated. Looking
for possible training and measurements of attain-
able field and pulse losses are projected.

The same iron yoke has been used to build a
magnet with coils wound from a high purity alu-
minum tape (8 x 0.3 mm cross section).© The tape
is insulated by a 7 ym anodized coating which can
stand annealing at 500°C. The coils were wound in
a flat race track 60 cm long,the ends then being
bent at 45° by press-working. The zero field short
sample resistivity ratio of 9200+ could be recover-
ed in the bent coils after annealing and subsequent
epoxy impregnating to achieve mechanical rigidity.
The magnet consists of 2 x 2 coils; one iron yoke
half with coils and cooling channels is shown in

Fig. 5.

Fig. 5 Iron yoke of dipole DT with Al coils.

The total coil resistivity at 4.2 K vs. the
magnet central field is given in Fig. 6 showing
the magnetoresistance increase, which has been
reported earlier.” The upper curve in Fig. 6 was
taken in a later test run, where probably the mag-

*The conductor was produced and delivered by Ver-
einigte Aluminium-Werke (VAW), Bonn, Germany.
In the meantime, preparation has been improved to
a 0.3 mm tape resistivity ratio of 15000 (allow-
ing for size-effect correction).
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Fig. 6 Aluminium magnet coil resistance at 4.2 K
vs magnet central field 1. at the first
test run; 2. at a later test the resist-
ance being increased probably due to coil
deformation.

netic forces {~ £0000 kg over the coil length)
during the preceding pulse tests have deformed the
coils slightly and thereby induced lattice defects
resulting in a resistance increase. - Field and
loss measurements at 4.2 K are summarized in

Fig. 7. The discrepancy between celculated and
measured field levels for a given magnet current
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Field B ani losses P (trizngular pulses)
vs current for the sluminum magnet:

1. e operstion; 2. % sec, 3. 6 sec,
L. 10 zeec pulse duration.

is again due to the incorrect p-values as mention-
ed before. Losses have been determined electrically
multiplying current and voltage by a Hall-gener-
ator device. In the triangular pulse mode oper-
ation they are about one third of those in de op-
eration as is to be expected; they are in fact
somewhat lower, as when pulsing the mean resistiv-
ity is lower due to the magnetoresistance thean the
peak field resistivity responsible for the dec los-
ses. The splitting of the loss curves for different
pulse durations is caused by eddy current losses
in the aluminium tape and iron and hysteretic los-
ses in the iron.

Though losses in the range of 3 T and 5 sec-
onds pulses are comparable for the superconducting
and aluminium version of DT, probably potting the
superconducting coils and especially using a fully
insulated cable as in dipole Db and D3 will show
the superiority of the superconducting concept as
to pulsed accelerator magnets with about 4 to 5 T
peak field and pulse durations of 3 seconds or
more.

Dipole DEa, Db and D3. Dipole DZfa, which is
actually being wound, and dipole D2b and D3, which
are under design, present various stages in the
development of a superconducting synchrotron di-
pole. All three magnets will have coils which are
based on the modified cosé current distribution
with an inner and outer diameter of 80 mm and
152 mm, respectively. The design induction for all
is 4.5 T with a uniformity of 0.1% within a bore
of 60 mm diameter;_the multipole structure is de-
scribed elsewhere.” The cos@ geometry permits one
to build coils which are cezpable of generating
uniform fields whether or not the iron shield is
present.

Two iron yokes are being built presently.*
One, which has an inner diameter of 172 mm, be-
comes saturated as the magnet goes to high induc-~
tion; the other, which has an inner diameter of
216 mm, remains unsaturated throughout the cycle.
The coils of DZa and DZb may be used in either
iron shell (or with no iron at all). The effects
of iron saturation on ac losses, field and field
uniformity can be measured directly. The expected
field as a function of current for both shells and
no iron shell is shown in Fig. 9, the superconduc-
tor critical current as function of B and T being
included. The expected iron enhancement of the
field is given in Fig. 10.

The length of the iron shell for DZa and Db
is 1.4 m; the iron sheets are 1 mm thick with a
10 pm phosphate coating on each surface. The out-
side of the iron is shaped to counteract the effects
of saturation. The ends of the magnet coil lie
about 3 cm inside the laminations (Fig. 8) and are
shaped to produce an integrated field which is
good to 0.1%. The conductor positions shown in
Fig. 8 are calculated by a computer programme in
order to get the desired field homogeneity.

*Brown, Boveri & Cie, Mannheim, Germany.
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dipole Dza central induction; saturated
and unsaturated version with 86 mm and
108 mm iron inner radius resp.

Since the radial dimensions of the coil pack-
age in all three dipnles 2re the same, many »f the
accessory parts such as bore tubes, force restrain-
ing fixtures snd holding fixtures are identical.
The cnil 7design, on the other hand, is guite dif-
ferent, for the three megnets. Hipnle "Fa has a 5
dnuble layer cnil which is fabricated from almost
square conductor (Fig. &). It requires 10 separste
winding and potting operations and 10 pairs nf
electrical leads to be interconnected. Jipole Zb

is greatly simplified by reducing the number of
cable layers to £ or 3 depending on the flat cable
or braid superconductor, which is available at that
time. Thereby dipole D2b will be easier to wind,
pot and assemble than Dfa. Dipole D3 will incor-
porate the same coil design as DZb except that the
coil and iron length will be extended to £.8 m.

The superconductor for dipole DZa is a solder-
ed cable with 2.1 x 2.6 mm cross sectiom;¥ it is
wrapped with a terylene-glass braid insulation
0.2 mm thick. The 2.5 x 3 mm insulated conductor
cross sections are shown in Fig. 8. A current of
2000 A at 5 T and 4.2 K has been guaranteed. It is
expected that the maximum field in the conductor
of D2a will be about 4% above the central field.
Dipole T€b and D3 will use a flat cable or braid
with fully insulated strands. Our preference is
towards the cable, because crossover points which
are potential shorts are eliminated. The cable has
a packing factor of about 70% compared to the braid
with about 50%. It is expected that dipole D3 will
have a conductor similar to that of D2b.

Magnetic forces will be supported by stain-
less steel rings, the space left between the coil
and the iron being filled with helium. Holes in
the iron permit helium to flow from the bottom
into the magnet, through the cooling channels of
the coils and out of the magnet through the holes
in the top of the iron. The cooling channels will
also make possible forced cooling lengthwise through
the coils. The largest dimension of both iron shells
permits them to fit into a cylinder with a diameter
of 590 mm. Two cryostats’? have an inner vessel
with a free space of 600 mm diameter by 1530 mm in
length (see Fig. 11). The cryostats have a warm
bore which is slightly larger than the 60 mm useful
aperture. They are equipped with two 100 mm diam-
eter necks, one for the refrigeration, the other
for electrical leads and service valves. An outer
vacuum jacket and a support system is being built,
which can be modified for use with dipole D3. We
intend to make the inner cryostat vessel of dipole
D3 an integral part of the magnet itself.

Fig. 11 Cryostat for Xa, 2b (outer vessel).

a8 IMI, Birminghem, lIngland.

**lLeyboli-Her#us, Kiln, Germany.
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Refrigeration for the dipoles6 will be sup-
plied by the XKarlsruhe 300 W Linde refrigerator
and later by the 300 W refrigerator built by Messer
Griesheim. Cold helium gas is delivered from the
refrigerator to the magnet cryostat by a concentric
transfer line system consisting of a rigid transfer
line from the refrigerator to the magnet test area
and three flexible transfer lines to the magnet
cryostats.7 The J-T-expansion takes place in the
magnet cryostat

The pulsed dipole magnets are charged with a
thyristor controlled power supply (BBC) capable of
delivering 3500 A at 70 V in a ramp function. The
voltage to do this is generated by a rectified
three phase circuit which is thyristor controlled.
The remaining 600 Hz ripple &s reduced by different
filters to a few parts in 10 The power supply
can be used to extract the magnet stored energy
during a quench. A superconducting solenoid is
being built (4 T, 116 kJ; 8 T/s; split coil length:
(2 x 15) + 1 cm, inner diameter: 15 cm; 24 strand
IMI braid) for testing the power supply and the
quench protection device. Field measurements of
dipoles D and D3 will be taken by a moving bucking

coil system with computer drive and data acquisition.

III. Conductor and Materials

Conductor Studies

One of the central problems of pulsed super-
conducting magnet work is the choice of a suitable
composite superconductor. The many parameters which
characterize a multifilament composite and a cable
or braid made of them, should be optimized with
respect to mechanical, thermal and electrical per-
formance according to technical feasibility. One
important feature to be optimized is the_ac loss
behaviour of superconducting composites,®’” which
is reasonably well understood. On the other hand,
the relation between short sample characteristics
of multifilament composites and their behaviour as
wire, braid or cable in an unpotted or potted coil
or test magnet, i.e. degradation and training ef-
fects, still has to be studied more thoroughly.

Short Sample Measurements. A lot of multi-
filament NbTi wires with different filament diam-
eters down to 4 pm has been examined. Their short
sample characteristics were plotted as loge
= f(log J), where the overall wire cross section
is taken to determine the wire resistivity ¢ and
the current density J. The steeper the slope of
the characteristic, the more the multifilament wire
approaches the behaviour of a single core conduc-
tor.

When wound to a solenoid or magnet, the resis-
tivity of the wire might cause degradation depend-
ing on cooling conditions. In order to have com-
parable cooling conditions in the short sample
tests and in magnet operation, the short samples
(~3*.5 m long) were wound into a small bifilar
multilayer coil potted with epoxy resin. Compared

*Menufacturers involved: rigid transfer line:
Leybold-Herdus; flexible transfer line: Vacuum
Barrier; J-T-expansion including controls: Linde.
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to a well cooled single wire loop sample (~15 cm)
tested earlier, a considerable reduction in take-
off current has been observed. Therefore we had to
use single loop samples with the betteq coollng
performance for resistivity above ~10 Hoem.

A selection of tested wires is given in
Table IIT. All samples have a twist pitch of a
few millimeters. Conductor (c), (d) and (e) were
taken from braids or cables.

TABLE III. Parameters of some Tested Wires
Conductor Wire Filament Number of Cu:Sc
Diameter Filaments Ratio

(mm) (um)

(a) 0.4 10 300 3.8 :1
(v) 0.4 24 130 1.2 21
(c) 0.28 10 361 1.25:1
(a) 0.38 8.5 1000 1 0
(e) 0.2 7.5 koo 1

Conductor (a) was known to be mechanically de-
fective and showed many broken filaments after the
copper matrix had been carefully etched away. The
characteristics for (a) have a small slope of
about 1.5 = logg/log J nearly constant for the
field range from 1 to 4.4 T. The steepest slope of
about 50 has been observed for the two conductors
(¢) and (d). Their characteristics are so close
together, that only the curve for (d), together
with (b) and (e), is shown in Fig. 12. In this dia-
gram the upper points give the take-off currﬁn
The lowest measured resistivity was 3 x 1071% em
at low fields. Microscope photographs of composite
cross sections show that the filament diameter for
conductor (¢) is nearly constant, whereas filaments
in (d) and even more in (e) vary considerably in
size; in (b) several filaments are connected to-
gether.
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Systematically more samples have to be stud-
ied, before a satisfactory explenation cen be giv-
en, how the wire parameters will affect the short
sample characteristic.

Test coils. Different NbTi multifilament wires
were wound to 35 cm long test coils cast in epoxy
resin with ends bent at 90°, These coils ere simi-
lar to the race track coils in dipole Dl.

Looking for training effects, it could be
shown that thermal cycling before the electrical
tests reduced the training. Once the coil had
been trained, the quench currents were constant
within 0.1% for some coils and no more affected by
thermal cycles. The de quench currents had to be
related to resistivity values less than 10-12 5t em,
neglecting the other effects which could cause
degradation as one hag to assume in the dipole mag-
net.

The development of conductors for pulsed
superconducting synchrotron magnets tends to use
high current ac cables or braids to restrict charg-
ing voltages to reasonable levels. Two insulated
braids of rectengular shape, the first consisting
of 48 strands of conductor (c), the second of 24
strands of conductor (d) were wound to small un-
potted test solenoids of 6 cm length and 4 cm inner
diameter with cooling chennels between every two
layers. The load lines of these solenoids are shown
in Fig. 13. To find the short sample curves, the
averaged single strand valuef of the (c¢)- and (d)-
wire at a resistivity of 10~ 3 flem have been
multiplied by the number of strands. Testing the
solenoid wound from braided conductor (d),one end
of the braid outside the magnet burned out during
pulsing the solenoid with a frequency of 2 Hz. The
braid end was mechanically unsufficiently fixed,
which might have caused strand breakage during
pulse operation. After repairing the braid end,the

6000 T T T - T
5000 | § i
conductor (¢}
conductor (d)
4000 |- ]
;
§‘ 3000 - \ b
3 H \
5\\\
<.
2000 (//f><?'
-
[ braid, 48 strands, |
tooa conductor (c)
braid, 24 strands,
conductor (d}
. : s L
° Y 2 3 « s T 6

max. field Bes
Fig. 13 Short sample curves and load line for
unpotted test solenoids of 48 strand
braid (conductor (c)) and 24 strand braid
(conductor (d)).

solenoid went to a 10% higher quench current as is
shown in Fig. 13 on the load line.

The solenoids which will be tested next will
be potted, including also soldered braids and
cables.

Low Temperature Material Studies

To determine the low temperature mechanical,
thermal and electrical properties of materials
used in magnet engineering,an extensive test pro-
gramme has been started. Work was concentrated
first on studying organic structural materials
since generally no comprehensive data are avail-
able in this field.

Thermal contraction has been measured for dif-
ferent types of epoxy resins. Inorgenic fillers
(quartz, A0 ) of various grain sizes have been
used. The conéraction can be reduced considerably
by loading the resin to match the contraction co-
efficients of metals. With fibre glass as filler
contraction of resins can in addition be varied
by the angle of the filament structure to the di-
rection of contgaction considered, as has been
shown earlier.1

Thermal conductivity measurements of different
epoxy resins and superconducting coil windings be-
tween 4 K and 10 K have been performed.l3 By ad-
mixture of A1203-powder the thermal conductivity
of the resin could be considerably improved (CIBA
CY 221 /HY 956). Thermal conductivity of coil wind-
ings in the coil axis direction could be enlarged
by a factor of ~4 by choosing & superconducting
wire with a copper matrix and, at the same time,
potting the coil with Al,0y-filled resin, compared
to & CuNi-matrix wire pottéd with an unfilled
resin. - Further measurements of filled and un-
filled resins are being performed.

To investigate the mechanical behaviour of
materials from 4.2 K to 300 K;a servo-hydraulic
testing machine will be ready for operation by the
end of 1972. A similar apparatus which operates
down to 1N, temperature has been installed in the
"Institut filr Kunststoffpriifung" of the University
Stuttgart. Measurements of the Young and shear
modulus and the Poisson ratio of rigid and flexible
resins, unfilled and filled, with variable defor-
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Fig. 14 Poisson ratio for different epoxy resin

systems vs temperature.
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Fig. 15

mation velocity have been performed. The Poisson
ratio vs temperature for three systems is shown
in Fig. 1k. A decrease as the temperature is low-
ered has only been observed for the system, which
is flexible at room temperature. - To study crack
formation in the resins, a corona test apparar-
atusll,15 is being built.

Resistivity and magnetoresistance behaviou
of aluminium tape conductor has been examined.l
Short sample transverse magnetoresistance with the
field parallel to the long side of the tape cross
section has been measured in a sc solenoid in de-
pendence of purity (given by the residual resis-
tivity ratio r) and temperature with regard to mag-
net application. - As an example, results of‘Ag/g
(9(B,T) - ¢(0,T))/5(0,T) vs temperature for 1 T
and 4 T field and r = 7800 are given in Fig. 15.

Irradiation Tests

To study the nuclear irradiation influence on
the properties of superconductor and structural
materials,an experimental setup for low temperature
irradiation measurements has been built. It uses
the Karlsruhe isochronous cyclotron as radiation
source with 25 MeV protons, 50 MeV deuterons and
100 MeV o -particles. The probes are irradiated at
1He temperature and measured at 4.2 K in the same
bath. The cryostat is equipped with a sc solenoid
(6 T; 95 mm i.d.) for magnetic measurements.

An spparatus for magnetization measurements
of superconductors has been built for the irradia-
tion setup. Magnetization and hysteretic loss meas-
urements for unirradiated samples of NbTi, NbZr,
V3Ga, Nbgsn have been performed.1

The irradiation apparatus did run several
calibration tests for making the possible range of
experimental conditions with a meximum of 2 pA deu-
teron and 1.5 pA «-particle current. Irradiation
dose and dynamic He-loss measurements with a NbTi
130 filament conductor have been performed. For
100 MeV o(- particle irradiation liquid helium
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losses of about 50 liters per pAh have reached the
capacity limit of the recently installed helium
gas recovery system. The temperature rise of the
probe under investigation in the beam spot center
can be measured by the calibrated resistivity-tem-
perature dependence beyond the transition temper-
ature.

Room temperature studies on stabilized NbTi
multicoie wires with 51.5 MeV deuterons up to doses
of ~10 1 rads have been performed. 9,520 The criti-
cal current decreased by ~25% at 1 rads (with
no_recovery) and by ~10% for lower dose rates of
10 rads (with complete recovery). In the resis-
tive state the power dissipated below take off is
decreased by ~ 20% after 4 x 1010 rads irradiation.
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