
A WATER-COOLED 13-kG MAGNET SYSTEM

J.O. Rossi, J.J. Barroso, H. Patire Jr., I.P. Spassovsky,
P.J. Castro, and J.A.N. Gonçalves
Laboratório Associado de Plasma

Instituto Nacional de Pesquisas Espaciais
12201-970 São José dos Campos. SP, Brasil

1 Introduction

We report on the construction, performance, and reliability of a high field magnet
system. The electromagnet is designed to generate a fiat top 13 kG magnetic induction as
required for the operation of a 35 GHz. 100 k\V gyrotron under development at INPE^.
The system comprises three solenoids (Fig.l). located in the gun, cavity, and collector
regions, consisting of split pair magnets with the field direction vertical. The magnets are
wound from insulated copper tube whose rectangular cross section has a 5.0 mm-diameter
hole leading the cooling water2'. On account of the high power (~100 kW) supplied to the
cavity coils, it turned out necessary to employ a cooling system which includes hydraulic
pump and heat exchanger. The collector and gun magnets operate at lower DC current
(~150A), and, in this case, flowing water provided by wall pipes is far enough to cool
down the coils.

In addition, a 250kVA high power AC/DC Nutek conversor is used to supply power
to the cavity magnet. For the collector and gun magnets, 30 V/600 A DC power supplies
are used.

2 The high power AC/DC conversor

In this section, the high power AC/DC conversor is described in great detail as the
current provided by such a system is mainly responsible for the maximum intensity value
attained by yhe magnetic field. Fig.2 shows a schematic diagram of the conversor, where
Ro and Lo stand for the cavity magnet with a total resistance of 160 mil and inductance of
30 mH, respectively. The shunt resistance of 50/ifi is used to measure the output current
Io with an oscilloscope or an analogic meter.
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The conversor scheme consists basically of a six-pulse three-phase bridge, to rectify
the voltage, and an electronic control circuit to drive the gate pulses to the thyristors. The
three-phase bridge and the control circuit are put near the main coils to avoid high losses
through 'ong cables. Four 240 mm2 short cables are used to make connections between
the cavity magnet and the high power supply.

The Nutek module has a power capacity of 250 kVA (250VxlkA). However, the
main magnet consumes no more than about lOOkVV during the full current application of
800 A (100 k\V~ 160 mfix (800 A)2). Then a three-phase high power delta/star transfomer
is employed to isolate the Nutek module from the 220 V, 60 Hz, three-phase line network.
This design option was decided taking into account the lower acquisition cost of the
transformer and the unique purpose of supplying the main magnet.The 110 V line voltage
on the secondary of the transformer is the value calculated to obtain a low current ripple
by the theoretical value of 4.2 % for three-phase rectifier without any filter. In this case,
the switching angle of the thyristors must be near zero and the maximum theoretical
mean current value is given by < l0 > = 1.35%/A, ~ 928 A, with VL = 110 V and
Ro = 160 mil. However, the experimental full current measured was approximately 800 A
due to the ohmic losses in the high power transformer as well as in the connection cables.
Also, the experimental measured ripple with full current is about 3.5%. lower than the
predicted 4.2% value. This difference is caused by the presence of the coil magnet which
acts as a filter, thus smoothing the current waveform and decreasing the current ripple.

Six 240 mm2 cables (i.e., two by each phase) are used to link the secondary of the
high power transformer to the input of the three-phase bridge. In the primary side, as this
line current is half that in the secondary line (~520 A/2), only three cables are employed
to link the primary to the input high current switch of 600 A. Three 400 A fast NH fuses
protect the power supply from a short circuit current during an occurrence of a fault in
the system.

A three-phase delta/star 220 V/120 V low power transformer of 150VA supplies
power to the control circuit with the same phase sequence as in the main power circuit.

3 The cooling system

A high pressure water system is provided for cooling the main magnet. Fig.3 shows
a block diagram with the main components of the cooling system: a heat exchanger, a
reservoir tank, and a hydraulic pump. The heat exchanger has two cooling loops (primary
and secondary). The pump and the tank are located on the primary loop, with the
pump being capable of pumping water with 5m3/h flow rate at 11 atm pressure. The
secondary loop removes effectively the heat generated in the thermal load (cavity magnet).
For maintenance, the tube water facility is routinely cleaned out and replenished with
sterilized water.

The cooling system was designed to keep the output water temperature down to
50°C. During performace tests, it has been checked that the coolant temperature reached
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50°C in the steady state regime, in close agreement with the predicted value.

4 The B-field profile

An ordinary gaussmeter was used to measure the axial magnetic field profile. A
gaussmeter axial probe was introduced into the bore of the magnet coil system and moved
along the z-axis to make the measurements, as shown in Fig.4. The gun emitter ring is
taken as the reference system origin (z=0).

The axial B-field profile is given by the superposition of the three magnetic fields
generated by the gun, main, and collector coils. From numerical calculations, it is possible
to genera;, the theoretical profile with the three flat tops of 1.05 kG, 12.7 kG, and 0.65 kG
required for the gyrotron operation. The currents corresponding to these three flat tops
are respectively 130 A, 800 A, and 160 A. Fig.5 shows the theoretical and experimental
B-field profiles obtained. The solid curve is the theoretical profile and crosses denote
experimental data. One can observe that the experimental B-field profile is in close
agreement with that expected theoretically.

5 Conclusion

A water-cooled magnet system for a high DC magnetic field on the order of 13 kG
was developed. The system includes all power supplies, measuring equipments anf field
interlocks necessary for safe and convenient operation of the magnet with the gyrotron.
It was checked that the high power conversor provides power for the main solenoid with a
maximum mean current of about 800 A. This yelds a main flat top measured of 12.7 kG,
with predicted and experimental profiles in good agreement. In addition, it has been
verified that the cooling system is capable of pumping water through the main magnetic
coils with a flow rate of 5m3 /h at l l a tm pressure with no leakage or damage to the
system.

Aspects of system compatibility, operation and safety have been fully resolved at the
design stage and proved during the complete system test at the laboratory.
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Fig.2. The high power conversor Fig.3. The cooling system
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