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A 150-kV, 80-A power supply and neutral beam test facility is now operation-
al at the Lawrence Berkeley Laboratory, Berkeley, California. This supply uses
banks of 450-V electrolytic capacitors for over 10 Jjoules of energy storage.
SCR switches control the power flow to the neutral beam accelerator. Turn on
and off times of a few microseconds are possible. An auxiliary capacitor bank
also uses SCR switches to provide regulation ("flat-topping”) of the main bank
output by switching in additional capacitors as the main bank discharges. Air-
operated switches are used to connect the main-bank sections in parallel for
charging and series or parallel for discharge, depending on the operating volt-
age desired. A single digital switch sets the desired operating voltage. Fila-
ment and arc power supplies are also solid state. With the exception of the
suppressor supply which has one vacuum tube the complete neutral beam system
uses all solid state components.

1.0 Introduction

This paper describes an all solid state power supply designed for an out-
put of 80 amperes at 150 kV. The present supply has operated at 120 kV - 100
amperes and will be upgraded to 150 kV soon. The supply consists of 3 banks of
capacitors which are charged in parallel and discharged in series. A fourth
capacitor bank is switched in as needed to provide regulation. The novel fea-
tures of this supply are as follows:

{a) The use of electrolytic capacitors for large énergy storage systems.
(b) The use of SCR's for high voltage high current switches.
(c) The use of multiple SCR switched capacitors to provide regulation.
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2.0 Energy Storage System

The energy storage system consists of 8160 electrolytic capacgtors arranged
in a series parallel circuit. The totaiwztored energy is 1.3 x 10 Joules.
Each capacitor has a rating of 2000 x 10 forads at 450 volts DC working. We
1imit the voltage on each capacitor to 400 volts with clamping zener diodes. A
30 ohm resistor is installed in series with every 8 units to Timit the current
from any one string to approximately 100 amp. Two series strings of capacitors
consisting of 17 rows with 8 capacitors in each row are connected in parallel to
form a module.' 10 modules are connected in parallel to form one bank. Three
banks are connected in parallel for charging and in parallel or series for dis-
charging depending on the output voltage required. This switching is done be-
tween pulses with air operated switches. The normal pulse rate is one pulse
every 60 seconds. This switching keeps the maximum voltage to ground to 54.4
kV except during the actural pulse. It also permits using three units in paral-
Tel or 1in single banks to Timit maximum energy available to the experiment. A
single digital switch selects the proper charge voltage and switching arrangment.
A selector switch selects the number of banks to be used when the output voltage
is less than 50 kV - Figure 1 is a picture of a typical module. This design
has been used in a number of installations with very reliable operation. Figure
2 shows the modules installed in the high voltage room.

3.0 SCR Switching Networks

Figure 3 1is a schematic diagram of the system. (1, C2, and C3 are the
three banks of capacitors. The single pole switches shown are the air operated
disconnects which automatically operate in the proper sequence for charging and
discharging. SCR 2 is the series electronic switch which connects the capaci-
tor banks to the load. SCR 1 is the commutating electronic switch and is used
to terminate the output pulse. It also provides a shunt path to divert th=o
current from the load when a fault occurs.

bEach SCR switch consists of 400 SCR's connected in series. Fach SCP gate 15
connected to one of 33 secondaries of a transformer. Two strings of 6 transform-
ers with primaries connected in cascade provide the necessary voltage insulation
to ground. L2 and C4 provide the commutaﬁing current for SCRy. The "ring
around" time is 50 x 10 secoggsn The §%~through SCRy 1s Timited by a small
inductor to 200 amp?ges per 10 seconds. The current is diverted from the load
in approximately 10 seconds. The commutating current flows through SCR, for
25 plus microseconds and then the reverse current flows in the diode D3. This
action turns off SCRy; and SCR, until another trigger is supplied.

Ly Timits the di/dt from the bank into the load or cummutating SCR during
a fault or commutating cycle. This inductor also Timits the rate of rise of
current to the load. To permit a higher di/dt to the load, the current in L, in
"pumped up" by repeated triggers applied to the commutating SCR (SCR:)
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The current is trappedgby diode D1, The L/R time constant of this circuit is
approximately 60 x 10 seconii-s;.° To "pumip up" the current, the commutating
SCR is triggered every 5 x 10 seconds until the circulating current in thg
the circuit exceeds the expected load current. When the series switch {SCR )
is triggered this circulating current is available for the load. Lz is used
to adjust the rise time of the output pulse to the desired value.

4.0 Voltage Regulator

The regulator bank uses the same type of electrolytic capacitors as the
main_%ankso They are connected in series parallel circuit to provide 68 - 12,000
x 10 farad units. A1l 68 units are charged in parallel to 800 volts maximum.
68 SCR's of the same type used in the series and shunt switches are used to
switch in the regulator units as the output voltage drops. The output voltage
to the load is monitored and a digital logic circuit triggers the appropriate
SCR's as needed. This regulator system is described in more detail in a separate
report 3. With this system the accel voltage supplied to the neutral beam in-
jection is held to within 1% of the set value.

5.0 Conclusions

This system has been operating for 12 months. The LBL 10cm x 40cm source
has been tested at 120 x 10%® volts accel and 92 amperes current®. This represents
approximately 100 amperers out of the power supply which also supplies approxi-
mately 8 amperes of auxiliary drain. We have demonstrated the following:

1. That electrolytic capacitors may be connected in series parallel to
provide economical and reliable enevrgy storage systems. We have
operated many banks of this type for several years with a zero failure
rate.

2. That SCR's may be connected in series to provide reliable switch ele-
ments for 120 kV operating systems.

3. That a SCR switched capacitor bank regulating system provides a simple
and reliable method of regulating the output voltage of capacitor
energy storage systems.



OWREN pg 4 FIGURE I

g

FIGURE 11



OWREN pg 5 FIGURE ITI

R] T0 HEUTRAL
BEAR SOURCE
by e 260 FEET —
FT ) RO 175 Qs
e q: —y =2
' 4 b 4 SHUBBER
e A 5K
W I SOLACE
i ok O
HiGH I e
VOLTAGE o
Mo L _—
CHA%5146 s 1y d s D3 SRCE | |
SuPPLY H ! ¥ sy fiL
- 1 300F 1 300uF SuppiY
I AS0wY 50V ¢
< wor |
e 80
o

44/Wn~%:%~ﬁkﬁ
L .
?

TS 111 B ACCEL POUER SUPPLY

[ byph
 VOLTAGE ¢
Fonnsrs 5o 7
Fsupory
e B B e e
0 uf .
v ”égégv“ (68 SECTIONS)

FIGURE IV



OWREN pg 6

REFERENCES

1 BAKER, W. R., et al., "The Power Supply for the LBL 40 KeV
Neutral Beam Source”. Presented at 6th Symposium on Engineering

Problems of Fusion Research, San Diego, California - November 18-21
1975,

2 Franck, J. V., et al., "An SCR Series Switch and Impulse Crowbar
at the Lawrence Berkeley Laboratory for CTR Neutral Beam Source
Development® LBL 6382.

3 MILNES, K., et al., "A SCR switched Capacitor Voltage Regulator
for 150 kV Neutral Beam Power Supply". LBL

4 BERKNER, K. H., et al., "Status of the Development of a 120 kV

Neutral Beam Injection System for the TFTR Tokamak". 10th Sym-
posium on Fusion Technology - Padova Italy 4-8 September, 1978.

This work was done with the support of the U. S. Department of Energy.









