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Summary

The construction of a solid state, voltage regu-
lated energy discharge power supply with a dual output
is briefly described. Each output operates at about
1800 V de, and 7800 A peak. Charging voltage regula-
tion, and set level, are obtained by means of a sclid
state relay at the primary site of the sirgle phase
high voltage rectifier transformer. This method yields
a relatively inexpensive, simple system since it does
not require phase countrol circuitry.

Application of the Pewer Supply

The power supply feeds short current pulses to
aircore magnets located around a ceramic secticn in
NAL's main ring beam pipe.

Two such systems lccated approximately 1/2 wave~
length apart are used in synchronism to guide the
circulating beam into an extraction channel.

They provide single turn extraction of up to three
circulating beam bunches (4.8 ps spill length) or
excite the 20 1/2 integer resonance for a spill length
of 1 ms.

The Magnets
magnets have two turns. They are constructed
in copper tubing forming the edges of a 2 in
x 5 24 1/2 in long imaginary block. Two such mag-
nets sit directly after each other and have an induct-
ance of 2.5 pH each.

Building one large magnet would recuire twice the
operating veltage, which is harder to handle with 3CRs
and makes the matching of other standard commercial
components a little more difficult.

Current regulation of a few percent is adequate.
The current must, however, be adjustable.

The
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The Power Supply
Fig. 1 shows a schematic of the power supply. It
has two identical outputs, which are fed from the same
regulated dc source of 1800 V max. Both outputs are
simultanecusly discharged into the magnets.
Fach magnet current (Fig. 4) leooks like a half

sine wave reaching a maximum peak value of 7800 A in
"

22 4 scec.

The average discharge rate is 1 shot per second
or less Momentarv rates of 3 shots per second have
been used. The stored energy 13 only about 100 J per
output. Power consumpticn is small because of the low

repetition rate and the small amount of stored energy.
An ac feed of 120 V single phase is therefore very
practical. The power supply is divided into twn parts:

1. The controls and regulator (mounted irn an easily
sible relay rack).
2 The rectifier discharge assembly (1 ed ol to
the load).

The latter is an obvious requirament since long output
leads can easily have an inductance cof a few ul, Tt is
for this reascn that the output leads consist of 6
parallel coaxial cables.  Care has also been taken to
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keep the inductance of the power supply
supply self-inductance, including the 7
leads, was measured to be 0.5 uH. This
determined from the discharge frequency
short at the output leads.

Control can be local as well as remote from a com-—
puter which also monitors the output current and inter-
lock status. Regulation takes place at the primary
site of the HV rectifier transformer. It consists sim-
ply of an ac ON/OFF control by means of a solid state
relay (optically isolated back-to-back SCR package),
which needs only a few mW dc control power. It can,
theraefore, be driven by a small operational amplifier,
as shown in Fig. 3. The adjustable reference ard the
feedback voltage from the power supply determine the
point where the ac supply gets cut off and permits
current control from about 0 to 100%. Fig. &4 a, b,
and d show the dc voltage. Operation at high trans-
former tap and low reference setting gives the worst
ripple, because the solid state relay stays on until
rhe next zero crossing of the ac supply voltage. More
overcharge is then supplied tc the energy discharge
capacitors. Fig. 5 shows a typical voltage at the
primary of the transformer.

The discharge '"switch" consists of two parallel
sets of three regenerative gate SCRs in series, oper-
ating at about 4000 A peak each. These SCRs kave di
ratings of about 400 A/u sec., and do not require
a hard gate drive. However, a hard gate drive is em-—
ploved to assure simultaneous turn on of the series
connected SCRs. Fig. 2 shows the firing circuilt.
primary windings of the pulse transformers are con-
nected in series to make sure that all discharge SCRs
get fired at the same time. Each SCR is paralleled
with a 100 kQ voltage equalizing resistor, a snubber
of 33 0 and 0.05 uF and a transient suppressor. A
large voltage equalizing resistor should be chosen to
reduce losses.

The SCRs are air-cooled and require cnly a few
inch? of heatsink because the average losses are small,
however, peak losses are in the order of 20 kW per 5CR.
Current sharing between the parallel SCR stacks
assurred hy the 100 0 vesistors between the capacitors.

The diode resistor ccmbination in parallel with
the capacitors helps dissipate the 80% voltage reversal,
which results at the end cf a discharge cvele. {Charge
recoveryl is not used beca of the low repetition
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Fig, 2. SCR Firing Circuit Schematic

a/1007% Tap
1500 v

b/25% Tap
300 Vv

¢/50% Tap
300 v

d/100% Tap
300 v

Fig. & DC Voltage at Various Settings
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