
RAPID CYCLING SYNCHROTRON (RCS) SINGLE-STAGE KICKER MAGNET

MASTER
by

Dale E. Suddeth and Gerald J . Volk

Prepared for

Fourteenth Pul-.s Power Modulator Symposium

Orlando, Florida

June 3-5, 1980

ARGONNE NATIONAL LABORATORY, ARGONNE, ILLINOIS
UafC-iUt USOOE

Operated under Contract W-31-109-Eng-38 for the

U. S. DEPARTMENT OF ENERGY wstRifiimoH HF THIS OQCUMEST IS UHUMITB)



RAPID CYCLING SYNCHROTRON (RCS) SINGLS-STAGE KICKER .MAGNET*

Dale E. Suddeth and Gerald J. Volk
Argonne National Laboratory
Argonne, Illinois 60439

Abstract

A new single stage kicker magnet system
is designed and is being fabricated for the
KCS accelerator of the Intense Pulsed Neutron
Source (IPNS-I) at the Argonne National Labo-
ratory. This system will replace the two
stage kicker in present use.

The magnet aperture is 10 cm wide by 5 cm
high and the magnetic length is 0.89 m. The
magnetic field intensity is 0.1021 T for a 25
milliradian kick to the 500 MeV proton beam.
A field rise time (10 to 90%) of 80 ns and a
flattop of 100 ns is needed. The magnetic
field rail time is no* critical so a lumped
parameter magnet witl» a 7.2 ohm load will be
used. The electric current required through
the single turn magnet is 4863 A. A new
energy storage and switching system is de-
signed and is being fabricated for energizing
the magnets.

The techniques and hardware used will be
described along with some of the experience
gained in the use of the twc stage system
which will help to improve the new design.

Introduction

Single stage as it is used in this paper
means that the kicker magnet is in a single
straight section of the accelerator as opposed
to the magnets being placed in two different
straight sections.

The previous design expectations were
such that the kicks of the two separate mag-
nets would add directly to give a 25
railliradian kick.1 Actual RCS operation dem-
onstrated that tlvs betatron phase shift
between the two magnets was not correct for
"in phase" effect. This left the kicked orbit
displaced from the extraction septum far
enough to prevent efficient extraction.

Magnet Specifications

The magnet requirements are more con-
strained than in the two stage system in that
the magnetic length is now 0.89 m where before
there were two lengths of 0.56 m each. The
to.tal 1.12 m length should, however, be cor-
rected to an equivalent 0.84 si since one
magnet was energized to one half the field of
the second magnet. Figure 1 shows a cross
section of the magnet.

Magnetizing current I

where

h = gap height in m.

= °-1021 * °l°57
Ho

4631 A

x 10

(1)
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The calculated current value assumes zero
ferrite reluctance and the current is 4863 A
with a 5% allowance for ferrite reluctance.

As in the previous system, each leg of
the magnet will be driven separately from op-
posite corners for minimum magnet voltage. A
result of this type of excitation is that
there is no "steady state" electric field
affecting beam deflection. A special Belden
type YR 10914, 14 ohm coaxial cable will be
used for the pulse forming network (PFN) and
transmission line. Two of these, each with a
14 ohm load, are connected in parallel. This
fixes the magnet and load voltage at 486 3 A
x 7 ohns = 34 kV.

Inductance per unit length

where

= 2.51 x 10"6 H/m
(2)

W = gap width (same units as h ) .

The value for each leg of the magnet = 1.25
x 10~6 H/n- The inductance of a 0.89 m long
magnet leg = 1.1 x 10~s H. The magnetic field
fill time for the magnet is approximately
L/R = 159 ns. This is about a factor of two
too long so the magnet will have to be divided
into at least two modules. Figure 2 shows a
view of the magnet system.

To form a transmission line magnet by
adding capacitance to match such a low imped-
ance load is impractical particularly where
the length is constrained and the basic magnet
impedance is 113 ohms. The required capaci-
tance per unit length would be 1.25 x 10~6

t 7 2 = 0.0255 pF/m. It is difficult to obtain
such capacitance and keep stray inductance to
a small fraction of the magnet inductance.

With a lumped inductance magnet and 7 ohm
transmission line, the pulse voltage jumps up
nearly to the PFN voltage at the magnet input
which helps to make the field rise time nearly
equal to the L/R time. Of course, one must be
careful to account for this mismatched condi-
tion in its effect on the rest of the system.
Some help in reducing rise time, although
minor, can be expected in matching the magnet
to the load with capacitance; 0.011 i»F per leg
per module is needed. Series parallel combi-
nations of low cost, high voltage, door knob
type, ceramic capacitors have been success-
fully used for this application. An addition-
al effect of the capacitors is in the field
flattop characteristics.

A model of one module of the magnet was
fabricated for low level tests. Figure 3
shows the B field photograph using a mercury
relay as the switch and 50 ohm lines in
parallel as the PFN and transmission lines.
This, of course, is an optimistic case since
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the high voltage, high current interconnec-
tions will add some stray inductance.

One might expect that the use of three
modules each with filling time of 53 ns would
be a further improvement. One must weigh the
expected fill time reduction against the added
PFN and switch cost and complexity and addi-
tional stray inductance for the interfaces.
The economies of scale may actually be less
for a three module magnet.

Since the RCS is of the first harmonic
operation and therefore extracts only one
bunch per pulse, the magnetic field fall time
is of minor consideration since it affects
only load dissipation. The magnet will be
enclosed with an aluminum case which will act
as a Faraday shield and also serve as a low
impedance interface with the coaxial cable
shields.

Switch Considerations

Figure 4 is a block diagram of the system
components. Four English Electric Valve
(EEV) , CX-1192 deuterium thyratror.s will be
used as pitches (V m a x i m u m = 120 kV.

maximum ' "

It is physically impossible to match the
thyratron and its housing to 7 ohms because
high voltage considerations limit the spacing
between the housing and the thyratron plasma.
An improvement in the bandwidth is expected
over nonmatching even with a 14 ohm assembly.

One of the major operating cost consider-
ations for the RCS is the thyratron replace-
ment costs. Lifetime data is thus of prime
importance No standard data is available, as
far as we know, and it is difficult to compile
since parameters such as dl/dt, I • ,^ maximum

Average' Vmaximum' Vreverse' allowable time
jitter and repetition rate all affect life-
time. After some frightenly short lifetimes
of approximately 1 million pulses during
shakedown testing and initial operation of the
RCS, we now have two thyratrons in service
that have seen over 200 million pulses. These
operate at dl/dt = 3.5 x 1 0 " A/s, I

= 3500 A, Ia
m a x i m u m

74 kV.I a v e r a g e = 0.011A,
Vreverse = 7 kv f o r 50 ns and time jitter
< 10 ns. These lifetimes are certainly more
encouraging than what we had expected.

y
dl/dt = 4.9 x
I

We are remaining optimistic for the new
system although we recognize that the higher
/ " A/S, ImaxilriU!n = 4863 A,

averaqe = "•"44A will have a bearing on the
lifetime. The new system is designed to run
up to 45 Hz versus 30 Hz for the previous
system.

The solid state thyratron trigger circuit
has been improved to provide a 3.5 A, 1 us
wide pulse to the thyratron grid. Solid state
. transient suppressors have been added at
strategic points where failures had occurred

from thyratron voltage kickbacks. The 47 V
avalanche transistor voltage was increased to
62 V. The avalanche transistor 2N3262 was
replaced with a 2N3229. Six of these tran-
sistors, each with its own primary winding,
drive the pulse transformer.

PFN and Charge Circuits

Belden type YR-10914, 14 ohm coaxial
cable will be used instead of RG 220-U for the
PFN for reasons of simplicity and hopefully
reliability. The special 14 ohm cable is
supposed to be capable of 100 kV pulsed oper-
ation. Both ends of the PFN cable will ter-
minate in oil as also the input end of the
transmission line to the magnet. This ar-
rangement should reduce the cable breakdown
problems which we had with previous cable
which was potted with silicone rubber. We
plan to lay the 75 feet of PFN cables in an
insulated tray so as to minimize physical
stress and to reduce noise from cable to
ground corona discharge. No connector is used
with the 14 ohm cable but rather inner and
outer braids are clamped with as short a sep-
aration length as possible at their
terminations.

We have had good reliability with the
hard tube, series regulator charging circuits
and we will use this method replacing the
4PR250C with the Eimac 8960. The 4800 W
capability of four tubes in series will pro-
vide adequate dissipation for charging four,
14 ohm, 75 foot cables to 80 kV at 45 Hz.

An oil to water heat exchanger will be
used to remove the heat from the tanks in
order to maintain temperature to less than
35° C.

Load Description

We had excellent results terminating the
50 ohm coaxial cable with a Carborundum co-
axial power resistor connected so as to resem-
ble a lossy transmission line. This load,
however, has insufficient dissipation for the
revised system. We are trying to extend the
technique by using Carborundum type AS, washer
style, high power, ceramic resistors with the
14 ohm cable. Each of the eight loads must be
capable of 1600 W dissipation.

Summary

Although this project is not pushing the
state-of-the-art for thyratrons, the applica-
tion engineering is challenging since it is
pushing the limits for some of the components.
It will be rewarding to see that the goals are
attained.
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