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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



i - LBL-4948

OPERATING MANUAL FOR 200 kG PULSE MAGNET

Contents
_Page

IntroduCtion....cveeteereeceneccanncens 1
Description of Apparatus

Pulse Magnet..... hWeeseseeaves e ee e 1

Sample Probe..... t e ecaceeeaccaasaenn 3
Operating Procedure............ e heeeans 5
Data Reduction and Comments...... e 8
Potential Problems and ‘

SOlUtioNS...eeeieneeenrsoncenennns eee 9
References.......ceeveeceeeceanss e .. 10
Figure CaptiOnS...cecessecsacecsoscocens 11 .

September, 1976




n fy F <3 S N -
00 . U445 4036709

LBL-4948
OPERATING MANUAL FOR 200 kG PULSE MAGNET
~ K. Hemachalam

Materials and Molecular Research Division
Lawrence Berkeley Laboratory
University of California -
Berkeley, California 94720

INTRODUCTION

-High_field magnets have become necessary for measuring
properties of superconducting materials.: The generation of
steady high'magnetic fields by conventional copper magnets
or by superconducting magnets requires great.cost_for con-
struction as well as operation. Transient fields, however,
can be produced less expensively. For thls reason, it nas
-been customary to measure hlgh fleld propertles of - supercon-
'ductors in pulsed magnets.l_5 The,ob]ectlve of thls report
is two-fold: (1) to descrlbe a pulse magnet apparatus in use
at thlS Laboratory, and (2) to present an operating procedure

to measure current carrying behavior- of superconductors as a

functlon of magnetic field.

DESCRIPTION OF APPARATUS

Pulse Magnet

The apparatus capable of produ01ng flelds in excess of
:200 kG is shown schematlcally in Fig. l(b). It conslstsiof
a capacitor bank and a helical magnet‘coil. The coil (Fig.
l(a)) is made from hardened high-conductivity copper sheets
and has a 75 mm 1ong bore of 19 mm diameter:a_Electrical

energy stored in the charged capacitor bank is released as a



Description of Apparatus
Pulse Magnet - (Cont'd)

large current pulse through an ignitron to the magnet. = The
rise time (time between the zero point and the quarter sine-
wéve point) of the’pulse is about 8 milliseconds. The peak
value of-ﬁagnet current'(and thus the field) is controlled
by the voltage to which the capacitor bank is charged. The
magnetic field is measured by.recording*the magnet current
using a calibrateéVRogqyski belt. The magnet is immersed in.
a bath of iiquid nitfogen (Fig. 2) to facilitate removal of
the Joule heat produced by the coil resistance. Operation of-
the m&gnet at liquid nitrogén temperature further helps to
reduce thélcoil reéistance. The relatién bétween the capaci-
tor bank'charging voltage and the value of peak field devel-
opedjxlthevmagnet bore is plotted in Fig. 4. The variation
of field strength, measured by a calibrated search coil,
along the axis of the mégnet'is shown in fig. 3. The magnet
curfent peak was kept constant for all the pulses. The volt-
age indﬁced in the Rogowski belt had a peak value of 0.29V
when the search coil recorded a magnetic field of 162 kG.
For a field of 84 kG, the voltage induced in the belt was
_0.15V. Therefore, the scale of.conversion is 560.kG to 1 V..
Two 6—vol£ lead-acid battéries connected in series sup-
ply the necessary sample current ih a rectangular pulse. The
- duration of this pulse can be varied from 0.5 to 10 milli-

seconds. However, in the normal operation, the current
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Description of Apparatus
Pulse Magnet - (Cont'd)

pulse is sét for the maximum duration such'tha£ the”sample
current begins before the field pulse and ends after the
 field reacﬁes~its maximum. This method of schedulihg the
pulses reduces undue sample heating when the supefconducting
to normal (S-N) transition is made to take place close to

‘the peak of the field pulse.

Sample Probe

The construétion of the probe (fig. 5 ) is based Qn,fhe
| usual 4 wire testing method. A predetermined current is -
péssed through the sample and the voltage drop acrosérthe
sample is meagured; The probe is also‘equipped with’an‘aux-
iliary coil which is connected £o a potentiometer. The two
pairs of aukiliary coil wires and sample_voltage wires are
:twiéted tbgefher along the length of the probe. When the
hagnét is puléed, voltagés are induced in both the auxiliary
coil énd the voitage tqpsvoﬁ thelsamble. With no sample cur-
.rent, the poténtiometer‘is adjusted until the two opposing
inductive.vbltagé signals cancel each other as much as pos-
sible. This adjusfmént makes it pqssible-to observe resis-
‘tive voltage developed in the sample as a result of the
‘transport cﬁrrentﬁalone.

A word of caution is necessary in regard to the sample
mqunting. .Whenithe current transfer length between the cur-

rent leads and the sample is small, as is the case with a



Description of Apparatus
Sample Probe - (Cont'd)

short straight 1 cm long specimen, the heat generated at the
current contacts may raise the sample temperature. This
sample heating can lead to erroneohs cfitical current measure-
ments. In one instance, mounting of a straight sample resulted
in critical currents that were about 30% lower than those
carried by a 3 cm long hair pin shaped specimen cut from the
same batch of wire. ' The curved sample has the advantages of
increasing the current transfer length as well as the separa-
tion of the potential leads from the curfent contacﬁs. In

the case 6f»testing superconducting tapes, U-shaped sectiéns
are carefully cut before mounting on the probe. Figure 2
shows schematically the sample placed inside the finger of a
double walled glass-dewar that holds liquid helium. The
sample orientation is such that the magnétic field is per-
pendicular to the transport current. Fdr any other orienta-
tions, the sample mounting may be modified to suit the parti-
cular neéd. Care should be taken, however, that the Lorentz
force,'(ic X H); presses the sample against the mount surface.
This is achieved by maintaining the polafity of the sample
current leads as indiéated in Fig. 5(a). Hoﬁherwise, the elec-
tromagnetic force can bend the specimen causing mechanical

damage.
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OPERATING PROCEDURE

The batteries thét suéply the sample current ére fully -
charged. This charging should preférably be done prior

to thé critical current test.

The evacuated glaés helium cryostat is carefully lowered

in the maghét assembly so that the finger rests inside

‘the bore of the coil.

The staihless steel dewar is filled to about 80% with
liquid nitrogen.

Liquid helium is transferred into the glass cryostat to
a desifed level. The cryostat has a capacity of.3
litres; and for normal operatién, the liquid helium con-

sumption is approximately 0.5 litre per sample.'

" The probe with the sample properly mounted on it is

first dipped in the liquid nitrogen for precooling and

then gradually lowered into the liquid_heiium. When the
top flange of the probe is sitting on the rim of the
cryostat, the sample should be in the finger at a‘level
whefe the magnetic field is uniform.

The electrical connections for sample current, Sample
voltage and auxiliary coil are'made at the magnet assem-
bly as shown in Fig. 6.

The'power to the front panel and to all the individual
control units (Fig. 7) is turned on.aftér closing the

interlocked wooden door adjacent to the panel. The key
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Operatihg Procedure - (Cont'd)

to the interlocked door is used to turn on the capacitor
bank power supply.' The dual-beam oscilloscope is also
switched on.

8. The auxiliary coil and the voltage oontacts are respec-
tively connected to the "A" and "B" input channels of
the D amplifier of the oscilloscope (Fig. 7). The out-
put leads from the magnetic field measuring circuit are
connected to the type 1Al amplifier.

9. The high voltage (HV) knob of the pulser power-supply
(Fig.'8) is turned until the output.voltage reads be-
tween 1 to 2 kV. The purpose of this voltage is to
trigger the thyratron in the capacitor‘bank discharging
circuit.

10. The capacitor bank 1is charged to a desired voltage
(about 200V), by turning the variac on the capacitor
bank power supply unit. With the sample current set at
zero, and the field Pulse Switch at "ON" position (Fig.
'8), the magnet is pulsed by depressing-the single pulse
switch. The auxiliary coil potentiometer is adjusted
until the voltage induced in the auxiliary coil is equal
and opposite to that induced in the VOltage leads. This
compensation is done by trial and error. For other set-
tings of charging voltages, the auxiliary coil potentio-
meter need not be readjusted unless the sample voltage
signal ceases to show a definite superconducting to nor-

mal (S-N) transition.
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Operating>Procedure - (Cont'd)

11.

12.

13.

14.

The capacitor bank is charged_to a certain voltage and
the sample current is set at a suitable value so that
when-the magnet is pulsed the S-N fransition takes place
as close to the peak of the field_puISe as possible. The
actual sample current in amperes is'appfoximafely 70% of
the figure.at which the current dial is set. Fifst, ﬁhe
magnefiq field and the sample voltage ére photographéd_
while pulsing the magnet. Then, the sémple curfent and
the base line for the field are recorded. A typicél
oscillograph record is shown in Fig. 9(b). Each such
picture gives one data point on thé Jc(or Ic) vs. H
curve.

For other values of field peaks (i.e., for other settings

of capacitor charging voltages), Step 11 is repeated un-

til enough data points are obtained,

For changing a specimen, only the capacitor bank power
supply needs to be turned off. Thé sample probe is re-
moved  from the cryostat. The next sample is mounted on
the probe and the procedure starting with Step 5 is re-
peated. _

Finally, when the testing is completed, the power ﬁo all
the control units including the main power on the‘frént
pangi is turned off. The sample probe is removed from
the helium cryostat. The cryostat may be allowed to

warm-up either in the nitrogen dewar or outside.
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DATA REDUCTION AND COMMENTS

¢

The sample currentjis measured ffom each picture. If
the current pulse is not truly rectangular, the critical cur-
rent Ic is taken at a poiﬁt corresponding to the beginning of
the S-N transition. Magnetic fields Hy and if possible, Hz'
at the beginning and the end of the transition respectively,
are also-ﬁéasured as shown in Fig. 9(a). When the sample
voltage wave form contains noise and is.notbcompletely com-
pensated by the auxiliary coil, (as typified in Fig. 9(c)), .
the data points can still,be:determined at the S—N transition.

.Since H, is extremely sensitive to the time rate of change of

1
field, (g%) , transitions occurring while the field is still
rapidly rising tend to yield degraded critical parameters.
The values of Ic’ Hl and H2 are then tabulated and the Jc(or
Ic) vs. H curve is thained by plotting the Jc(or Ic) against
Hl on a semi-log paper. Typical results plotted in Fig. 10.7
show good agreement between the pulsed field data and the |
data obtainéd under steady field conditidns at a resistivity

12 ficm. The sample tested here was a filaﬁentary

level of 10~
Nb3Sn wire made by the tin infiltration method. At fieldé
below 50 kG, the critical currents measured under pulsed
fields are low relative to the values defermined under steady
fields. This disagreement is attributed to Joule heating at

the current contacts of the short sample used in the pulsed

field experiments.
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POTENTIAL PROBLEMS AND SOLUTIONS

The capacitor bank is charged slowly such that the
charging current does not exceed ZOA - the limit of the
current fuse.

Pﬁlsing the magnet for peak fields_abo&e 200 kG is not
advised; Energy diséipation in the magnet coil for
fields exceediné 200 kG mayvproducevserious mechanical,
thermal and/or electrical effects (for example, failﬁre
of'resfraining bolts, annealing offhardened copper coils,
damage of insulation, etc.) leading to magnet failure.
For under 200 kG pulses, waiting 3 to 5 minutes bétween
successive discharges is a good practice to aliow for
cooling of the magnet coil in liquid nifrogen.

In order to avoid possible shock to operator(é), the
interlocked door mechanism should not be disconnected
and it should be used while charging and discharging
the capacitor bank.

The glass cryostat for liquid helium is weakest at the
finger and extreme care should be taken in handling the
cryostat; At the end of testing, any liquid helium
still regainihg in the cryostat is allowed to evéporate
by itself. No attempt should be made to pour it out
since a thermal shock at the mouth of the glass cryostat
can shatter the dewar. |
For any help with the electronics of the apparatus,

James Severns (Building 62 - Room 149 -~ Extension 6058)
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Potential Problems and Solutions - (Cont'd)

may be contacted. Other persons familiar with the pulse
magnet are Daniel Curtis (Building’47 - Room 115 - Ex-
tension 6372) and Paul Salz (Building 25A - Room 119 -

Extension 5051).
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FIGURE CAPTIONS

(af.,-Pulse magnet, and (b) a schematic representation

of the electrical éircuits of the pulsed-field appara-

. tus.

Schematic of the cryogenic unit.

Variation of field strength along the axis of the mag-
net bore.

AVariétion.of peak field as a fUndtibn'ofvcapacitor bank
charging voltage; |

(a). Front, and (b) back views of the sample probe.

"-Photograph showing the electrical connections to the

‘sample probe at the cryostat.

" View of the front panel with control units, and connec-

“tions leadiné to the oscilloscope.

A close-up view of fhe front panel detailing the different
electfiéal controls, switches and qutput leads.v

typical oscilloscope tracings of sample current, sample
voltage and magnetic field. Fields H1 and H2 in (a)

correspond to the'beginning and the énd of the S-N transi-

tion. Tracings in (b) and (c) are recorded at low field

= 67 kG) and high field (H___ = 174 kG) pulses re-

( Hmax max -

spectively. The horizontal scale in both (b) and (c¢) is
2 miliiseconds éer cm. “

Critical current density of Nb+Nb3Sn core as a functioh
of magﬁetic field under pulsed and steady field condi-

tions.
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Fig. 1 (a) - Pulse magnet, and
(b) - a schematic representation of the
electrical circuits of the pulsed
field apparatus.
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Fig. 5 (a) - Front, and
(b) - back views of the sample probe.
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Fig. 6 Photograph showing the electrical con-

nections to the sample probe at the XBB 769-8366
cryostat.
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oscilloscope.
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Fig. 9 Typical oscilloscope tracings of
sample current, sample voltage and
magnetic field. Fields Hj and H2 in
(a) .correspond to the beginning and
the end of the S-N transition. Trac-
ings in (b) and (c) are recorded at
low field (Hyayx=67 kG) and high field
(Hpax=174 kG) pulses respectively.
The horizontal scale in both (b) and
(c) is 2 milliseconds per cm.
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