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ABSTRACT:Single shot firing circuits have many industrial and defence applications. Due to its dedicated
applications firing circuits must be highly reliable, stable, versatile and cost effective. These characteristics can be
achieved with the help of electronic triggering circuit which contains a power converter, storage device, firing switch
and an external event triggering pulse. This paper mainly focuses on development of single phase, high voltage, low
power isolated DC- DC converter design. A single stage Flyback converter is designed to achieve input to output
conversion ratio (1:300) with the given design specifications (Input voltage 5V, Output Voltage 1500V, output
capacitor 2.4ufd, Firing time 2Sec). This electronic firing circuit has been implemented, tested and verified on P-SPICE
simulation tool along with bread board design.

KEYWORDS:Electronic Triggering, Single shot, SCR Firing, Flyback Transformer.

I.LINTRODUCTION

In single shot applications, a device have to perform their function for only once in its life time span. System having
single time application can be designed very effectively and cost productively using electrical and electronic
components. Figure 1 shows the basic block diagram for electronic firing circuit with major components and given
specification:

| Dpc-De ~ Charge -
Input Supply " converter > Storage | Firing
. Switch
. Firing Input >
Pulse Generation

Fig. 1. Block Diagram of firing circuit

Input power supply (+5V)

DC-DC converter- Converts the 5V input to 1500V

Charge storage Capacitor (2.4uF) - Stores and transfers energy to the load
Firing Input- Generated by external circuit

Pulse Generation- SCR (Functions as a switch)

As given in the specification input power supply is limited to +5V and 1.5Amp (peak). A DC-DC flyback converter is
used to boost output voltage level to desired 1500V. This converter is designed specifically for low power, high output
voltage. Storage capacitor (2.4uf, 2KV) is used to store the charge supplied by the power converter. The charge is store
in storage device until firing input is provided to the SCR. Whenever an external firing input is provided on SCR*s gate
terminal, SCR turns on and charge stored in capacitor discharge with SCR with required current profile.
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.11.DESIGN SELECTION

There are various topologies available to boost the voltage level up from the input supply voltage to desire supply
voltage. Boost and flyback topologies are two most widely known topologies for power supply.

A. Boost Converter
L
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Fig. 2. Boost converter

Figure 2 shows basic element of boost converter which contains an Inductor L, a switch S, a diode D and a charging
output capacitor C. When switch (MOSFET) is turned on, voltage across L is equal to input voltage and current
through L increases linearly. When the switch is turned off, the inductor current flows through the diode and charges
the output capacitor. During the on-time of the transistor the inductance is charged with energy and during the off-time
of the transistor this energy is transferred from the inductor through the diode to the output capacitor. For our purpose,
this topology is not suitable because maximum step ratio possible with boost converter is 1:6 [2].

B. Flyback Converter
Flyback topology is generally used to generate multiple input isolated output power supply. Isolated power supply

provides better accuracy and safety to other circuit elements. Flyback converters requires very limited external
components e.g. a magnetic component at the input and a rectifier at the output terminal.
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Fig. 3. Flyback converter
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When the switch (MOSFET) is turned ON, and a voltage is applied on the primary winding, the primary current rises
linearly. The change of input current is determined by the input voltage, the transformer primary inductance, and the on
time. During this time, the energy is stored in the core of the transformer, the output diode D is reverse biased and
energy is not transferred to the output load. When the switch is turned off, the magnetic field starts to decrease, which
reverses the polarity across the primary and secondary windings. D is forward bias and the energy is transferred to
the load [2]. Flyback converter is suitable for our design purpose due to its ability to achieve wide range of
conversion ratio.

There are two mode of operation in flyback transformer. In the discontinuous mode, all the energy stored in the primary
winding during the on time is completely delivered to the secondary winding and to the load before the next cycle start,
and there is also a dead time between instance when the secondary current reaches zero and the start of the next cycle.
In the continuous mode there is still some energy left in the secondary winding at the beginning of the next cycle. It has
lower peak currents and lower output voltage spikes. Its control loop is more complicated. On the other hand
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discontinuous mode has higher peak currents, higher output voltage spikes during the turn-off, faster load transient
response, lower primary inductance, smaller transformer size, and reduced EMI noise [1].

In flyback converter, a part of primary inductance which is not coupled with secondary inductance is known as leakage
inductance. Leakage inductance reduces the efficiency of the converter and it causes spikes on the drain terminal of the
MOSFET (switching device). It can be seen as part of the stored energy that cannot be transferred on the secondary
side. To minimize the leakage inductance as much as possible, a snubber circuit is used. It dissipate this additional
stored energy from the primary side and prevent switching device to burn off [2].

Flyback topology have major disadvantages as-it needs a high-value output capacitor, the high current stress on the
power switch and output diode, high eddy current loss in the air-gap area, a large transformer core, and potential EMI
problem [2].

Thyristors or SCR (Silicon controlled Rectifiers), IGBTs (Insulated Gate Bipolar Transistor) along with Transistors and
MOSFETSs are most widely used power electronics switching devices. SCR and IGBT are mostly used in high power
application while BJT and MOSFET have higher switching speed [4-6]. For this particular design, primary side have
low power and low voltage specifications which enable us to choose switching speed over power. Input to the
switching device is provided in the form of PWM waveform which can be generated by square wave generator or
dedicated IC. Voltage controlled switches are very much easier to implement than current controlled switches on PWM
waveform. Enable us to use MOSFET as a switch in this converter design.

111. DESIGNING STEPS

Parameter Formula™
Output power P=Vs=xls
Secondary average Current Is = i
Vs
Primary average Current Ip = P
P xvp
Primary peak current _ 2xP
Ip, peak = m
Secondary peak current 2xP
I = —
Speak =y d-D)

Primary RMS current

VD
Ip rms = Ip peak * =

Secondary RMS current

J@-D)

Is rms = Is peak *

3

Primary inductance of a flyback transformer Iy Vp? D2 «Txn

P= 2P
Area Product of the Transformer P+ 10*
(K=0.3 for flyback converters) WaAc = K+«J+«B*f
Number of turns on primary (The actual number of turns N = Lp = Ip peak
required is more) __Bmax * Ae
So, No. of Primary turns Np = 12N

For a flyback converter, the gap length

Lg

_Axm*Np?«Aex10® MPL

FFC, called the fringing flux coefficient

L
FFC:1+—gIn

Lp - i
JVAc (E)
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Calculating modified number of turns in the primary
winding

Lg*Lp
Nm = ( )
Axmx1078 x Ae x FFC

1) Peak flux density (Bmax)

4 xm*10"* « Nm* FFC * Ip peak

If Bsat<Bmax then Nm=Nm*(Bmax/Bsat MPL
( ) Lg+ (")
No. of Secondary Windings Nm Vs * (1 —D)
s =
Vp+*D
Wire Cross Sectional area 1
a=-
/
Skin depth: ™
If the condition diameter (without insulation)<2d, = P
then use Litz wire w* U

(for Litz wire only)

Number of strands=
Required Area / Area of single strand

Cross Verification

2(ai * Ni) < Aw * Kw

Some given considerations for this design:

Output Voltage (Vs)= 1500V, Output Current (Is) =.002Amp, Frequency(fs)= 60kHz, Duty Cycle= 75%, Current
Density (J)= 3 A/mm2 , Material For Transformer Design= 3C94, Flux density of Material (Bm)= .337 Tesla,

Utilization factor(Kw)=0.3.

IV. EXPERIMENTS AND RESULTS

Schematic diagram of the simulated circuit is shown in Figure 4. This circuit is powered by 5V power supply with
resistor R1 working as a current limiting resistor. The designed flyback transformer has only two windings, one
primary and one secondary windings with inductance L1 & L2 respectively. At the primary side resistor R5, capacitor
C5 and diode D1 is used as a snubber circuit to minimize the effect of leakage inductance. 555-Timer IC is used in
astable mode to generate a driving waveform of 75% Duty cycle. This fixed duty cycle waveform is used to drive

transistor Q1 on regular basis.
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Fig. 4. : Schematic view of the test circuit
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At the secondary side diode D2 works as a half wave rectifier which charge storage capacitor up to its desired value.

Transistor Q2 helps to shut down the 555Timer IC based driver circuit whenever desired firing voltage is achieved. An
SCR can be connected in parallel to load resistor R5 to enable single shot application capability of this circuit.
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Fig. 5. Waveforms for 1L1, IL2,V33,V15
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Figure 5 shows P-Spice simulation result of the above circuit. It shows Primary Current (IL1), Secondary Current
(IL2), Driving Base Voltage (V33) and Output Voltage (V15) with respect to time.Figure 6 shows the bread board
based bench testing of the designed transformer. Test bench results shows desired voltage level of 1.5KV is generated
with input power supply of 5V with in stipulated time of 2 Sec. For laboratory test, 5V-1.5Amp power supply is used to
power up device.Function generator is used to get square wave with fixed dutycycle of 75% havingrise time (t, and fall
time (t) fixed at 100ns. It generate a switching signal equivalent to 555 timer IC in astable mode. At the output side a
high voltage oscilloscope probe (100:1) is used to show the desired output at digital oscilloscope. A voltage divider
combination is also used to measure output voltage on digital multimeter.

Fig. 6. Testing of designed transformer
V. CONCLUSION

As per the designing consideration the transformer has charged the given output capacitor (2.4uf) up to its desired
mark of 1500V with in specified time of 2 Seconds. On the simulation, circuit has performed its task very efficiently. A
low power-high output voltage pulse charge circuit for single shot application has been implemented. In order to
produce better timing characteristics, use of dedicated capacitor charger controller eg. IC LT3750 is highly
recommended. It will provide variable frequency and variable PWM duty cycle for transistor triggering according to
transformer core saturation. It is also recommended to choose a MOSFET which have Vth significantly less than the
input power supply (can draw approx 3Amps at Vgs<3V) to make design more efficient, sensitive and reliable. This
paper shows design methodology and simulation of a single shot firing circuit for industrial as well as defence
applications having low power-high voltage charactertics.
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