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Summary. A solid-state step-start contactor 
usinq ba ck-to-back thyristors has been devel- 
oped-at NAL. The unit described here employs 
water-cooled thyristors designed to switch 3 
phase 500A rms at 48OV, 60 Ilz. The thyris- 
tors are turned on by a rectified 50 kHz 
carrier signal transmitted to the thyristor 
qate circuit via a specially developed high- 
isolation transformer that prevents the im- 
nulse noise on the 48077 line from affectinq 
the logic-level control circuits. A 3-phase 
current sensor and a solid-state interlock 
and status-monitor display unit form an inte- 
gral part of the contactor. DTL compatible 
logic-level signals are used to control the 
contactor from local or remote positions and 
to display and monitor the status of the 
interlocked variables. These principles 
appear to be quite applicable to contactors 
designed for lower or higher power levels. 

Introduction 

There is a need to connect larqe pieces 
of electrical equipment, in a step-start man- 
ner, to and from the 48OV, 3 phase, 60 Hz 
line. The specific case is a high current dc 
power supply used to tune the resonators of 
the NAL Booster accelerator from 30 to 53 Mz. 
A brief description of the power supply fol- 
lows * The power input to the supply is 48OV. 
3 phase, 60&Hz. ThTr ristors on the secondary 
side of the step-down transformer are used to 
rectifv and control the output current from 
approximately 40 to 2500A at a 15 Hz rate, in 
response to a computer controlled waveform. 
An active filter in shunt with the load is 
used to keep the current and the voltage rip- 
ple to 0.1% of output. 

These requirements lead to a large num- 
ber of transistors which have to operate con- 
tinuously for long periods of time, unattended 
except for the status monitoring computer. 
In case of a component failure it is advanta- 
geous to disconnect the supply from the 48OV 
power line in one power line cycle to limit 
the extent of component damage. 

This paper describes the power line con- 
tactor, current sensors and alarm sensors 
which belong in the same set functionally be- 
cause they act toqether to protect the equip- 
ment under fault conditions. Now that reli- 
able solid state devices of required power 
levels are available commercially, it is a 
good engineering practice to assemble the pro- 
tective components into a compact package 
which can be produced and tested independentlv 
of the equipment in which it will be used. 
The solid state contactor (SSC) described in 
this paper is such a package. The performance 
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and some design details are included. 

Results 

Operation to Date. '1'0 date, 3c! units have 
been produced and installed in the power sup- 
plies. out of 30, 10 have bccn onerational 
for approximately 2 months, while 3 have been 
used in the laboratorv for about IO months. 
There have been no failures and the results tfl 
date have been most satisfactory. 

Description of the Solid State Contactor ssc. .- _---.. L-- 
The solid statecontactor consists of 4 func- 
tional parts: the thyristor switch assembly 
shown in Fig. 1, a control unit, and 50 kHz 
Oscillator with its dc newer supnlv, and the 
3 p!lase current sensor. 

Operation. The SSC can be operated locallv 
by manually operatinq the appropriate push 
switches or remotely by agplvinq the appropri- 
ate control siqnals, Logic 0 = 0 volts, and 
Logic 1 = 5V. the 2 main control functions 
are "Contactor Closed" and the "Contactor 
Open". If the operating conditions are nor- 
mal, that is, control power is on and all cur- 
rents and the temoeratures are normal, actu- 
atinq the Contactor Closed function closes tl-ra 
contactor in 2 steps. In step 1, the ci.rcuit 
between the 48OV newer line and the load is 
connected through the 1st set of thyristors in 
serirs with a 1.6 ohm, 800 watts resistors. 
These resistors limit the inrush current due 
to transformer saturation to a value no rrreat- 
er than the maximum operating current. iit 
stcc 2. the 1st set is turned off and the 2nd 
set is turned on without current interruption 
This achieves the contactor on state which 
persists until the appearance of an off com- 
mand, or an actuation of the alarm sensors, 

At the turn-off command, the 1st set of 
thyristors is qated off, while the 2nd set is 
nated on for 0.1 sec. At initiation of the i- 
OFF command, the 1st set conducts until the 
current in each thvristor commutates off, 
whereupon the second set of thyristors con- 
ducts, ' again until current zero. 

Principles of Operation 

The nucleus of the FSC is a thvristor 
operated under maximum reliability conditions. 
The thyristors, of hockey-puck construction, 
are mounted in a water cooled heat sink in 
pairs. A selenium surge suppressor hridqinq 
each pair of thvristors quards against acci- 
dental turn on by power line transient voltaqe. 
Reliable firinq under the given conditions of 
temperature, load and anode voltage, is as- 
sured by a rectified 50 kFz square wave car- 
rier current to the gate electrodes. This 
carrier is coupled to the thyristor by an iso- 
lation transformer that does not conduct dam- 
aging power line transients to the logic level 
integrated circuits. There are no parts in 
the qatinq circuitry that could not well be 
designed for any power level needed. 
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The simplicity of the SSC can be ob- 
served from Fig. 2. The transmission of the 
51) kHz carrier current to six thyristor gates 
is controlled by transistor Ql operated as a 
switch. If the Ql is conducting, the thyris- 
tors are ON and vice-versa. A latch circuit, 
consisting of an OR gate Gl and an AND gate 
G2, followed by a buffer transistor 02, con- 
trols the state of Ql. If all alarm sensors 
are normally low, the ON control can be actu- 
ated, producing a negative-going pulse at the 
input of 1 of Ql and latchinq it in the high 
condition, corresponding to the ON state for 
Q2, Ql and the thyristors. If any of the 
alarm sensors is in a high condition, Q2 can- 
not be latched on. Initiations of the OFF 
command or an opening any alarm sensor un- 
latches Q2 and opens the thyristors. Because 
the SSC can be set to open at any line current 
from zero to maximum, it therefore serves as 
a circuit breaker as well as a contactor. 

Fi -cJ . 1. Thyristor Switch Assembly 
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Fig. 2. Simplified Diagram of the Solid 
State rnntnrtnr 
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