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A Study on the Optimal Design of the Forced Commutation Circuit for
SCR Using Magnet-coupled Pulse Transformer
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Abstract

The thyristor was developed in 1957 in the laboratories of
the General Electric Company and became commercially available
in 1960 to 1961 in ratings of approximately 200(A) and 1,000(V),

The SCR was clearly a good device and a rapid development
in industrial control equipment and power electronic field was
being established since it had been appeared.

However, we found some difficulties in applying thyristors
and one of them is the commutation technics which the anode
current of a thyristor may be reduced to zero to permit the
"switch" to be opened again.

In the inverter circuits in particular, exact commutation
is required to protect the power supply mechanism from burning
damage due to short circuit.

There are two types of commutation technics ; One of them
is the reverse-biased voltage commutation which has strong
point in its control characteristics and simplicity of the
circuit and the other is the reverse-biased current commuta-
tion which has short comes in difficulty to seperate main
circuit from auxiliary one and further need big diode as large

as main thyristor.



244 RBRECR B B3R 2104

In this paper, the optimal design of the reverse-biased
voltage commutation circuit for SCR was studied and the theore-
tical analysis of the circuit was made.

The following results were obtained from the above works:
1. When the SCR is turned off during the commutation interval,

the commutation circuit is analysed theoretically and the

minimized bias-time of reverse voltage is calculated.

2. The optimal ranges of inductance and capacitance in var-—
iable load conditions not to fail the commutation was obt-
ained by the experimental method.

3. As may be seen from the Fig.9 in this paper, the computer
simulated theoretical graph agrees fairly well with the
experimental result within the range that values of Z is
12-70,

4, Showed up the optimal desigp condition of the commutation
mechanism and confirmed by experiment that optimal values
of L and C is 480 (#H) and 3 (gF) respectively under the
conditions that supply voltage is 10 (V) and load current

0.5 (A) using SCR of which turn off time is 60 (usec).
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commutating capacitor ( F )
supply load voltage ( V)

commutating current ( A )

total sum of the loss current for pulse transformer (A)

gate current ( A )

load current ( A )

leakage factor

leakage inductance ( H )

inductance ( H )

primary/secondary inductance of pulse transformer (H)
turns ratio

resistance for iron loss (hysteresis and eddy current
loss = Ohm)

resistive load ( Ohm )

resistance of coil ( Ohm )

instantaneous time (sec )

turn off time of SCR: ( sec )

pulse transformer

induced voltage across the coil ( V )

initial charged voltage of commutating capacitor (V)

angular frequency ( rad/sec )
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Fig. 6. Overall view of Experimental Apparatus

(a) Ferrite core type (0.98mH) (p) Silicon steel core type (2.6mH)

Fig. 7. Overall view of pulse transformer
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Fig. 10. Waveforms to calculate bias-time in the

experimental circuit of Fig. 4 a—G.
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