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1. Purpose

The purpose of this project is designing an “DC Chopper” that controls the
speed of a permanent magnet DC motor.

This project consists of three main steps, designing an DC Chopper,
simulating the circuit by using PSIM, and construction the circuit. After the
construction step, the circuit will be tested for some conditions to see if it obeys
the simulation results.

The controller of the chopper needs 18V DC supply voltage. At the controller
part, after producing a PWM signal at a suitable frequency, a MOSFET triggered,
so that the motor.

In conclusion, by changing the duty cycle of the PWM by a potentiometer, the

speed of the motor can be adjusted.

2. Design
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Figure 2.1- Circuit of a DC chopper

A typical DC chopper circuit is shown in figure-1.1. The control signal of the
motor which comes from a MOSFET is producing by a PWM controller. By
regulating the PWM duty cycles using R2 resistor, span of MOSFET’ s triggering
changes. R1 is used to adjust the frequency of the PWM. After producing the
signal, a gate driver is used for produce the necessary current for the MOSFET’ s
capacitor’ s. The supply voltage of the control part is 18V DC, which comes from

2 9 volt batteries.



A control circuit is shown in figure 2.2. As seen in the circuit UC3525A, an
PWM regulator, unit is used. Instead of UC3525A, SG3524, shown in figure 2.3,
can be used also. Inside of the unit a saw tooth signal is produced by an
oscilloscope. The frequency is adjusted by Rt resistor and Ct capacitor. 5V DC,
which is regulated by the unit again, is adjusted at an designed ratio with a resistor
at the non inverting pin. By an comparator the DC signal and the saw tooth signal

are compares. As a result an PWM signal is produced.
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Figure 2.2- The control circuit
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Figure 2.3- SG3524 PWM regulator

The PWM signal can be seen at botf fiih and 14 pin, but the signal at

14" pin is shifted by GSo, instead of having waveforms at the oscillation



frequency and a much more effective, the outputs are connected together via 2
resistors.

The output collector current of SG3524 is about 100mA. That ratio is not
suitable for charge the capacitors of the MOSFET. For getting couple of amps
dual high speed power MOSFET driver is used. TC4427 is suitable. 1.5 A output
current comes from botH"pin and ¥ pin. By connecting them, necessary
current is reached. Rg resistor is put for the capacitors’ charging and discharging
correctly at “0” and “1”. Diodes are for saving the MOSFET.

The MOSFET frequency is required to be 50 kHz. According to the formula
in the datasheet of SG3425, Rt and Ct values are calculated for frequency at each
output.

1.18
RGC
f 25kHz

C, 10nF
R 4.7k:

3. Simulation
In order to simulate the circuit PSIM is used due to its reliability and

simplicity. The gate driver and PWM controller is simulated with square wave
voltage source and an on-off controller. The motor is simulated as a series of a
constant DC voltage (for the electromotive force voltage), resistance and

inductance. The simulation design is seen in Figure 3.1.



Figure 3.1— Simulation circuit of the project
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respectively. With these proper values source curggmhdtor current] motor
voltage \4,, MOSFET’s drain currentland gate controller’s voltage,\dre
sketched. Figure 3.2 — 3.5 are the graphs of these values for %25, %50, %75 and

%2100 of duty cycle values respectively.
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Figure 3.2— Relationship and values of,\,, la, lin and b at %25 duty cycle
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Figure 3.3— Relationship and values of,\a, l,, lin and b at %50 duty cycle
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Figure 3.4— Relationship and values of,\,, la, lin and b at %75 duty cycle
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Figure 3.5— Relationship and values of,\,, la, lin and b at %99 duty cycle

As it is seen, waveforms ofgW,, I, lin and b changes with duty cycle.
When the span of duty cycle increase, the time, whicard \; are equal zero,
decreases. Also the values gfl}, and | get bigger.

Simulations are run at steady-state region in order that transient-time region is
a very short term (approximately 0.3ms). As PSIM cannot perform simulation at

%2100 value of duty cycle, the last simulation is held at %99 value of duty cycle.

4. Construction and Testing
While testing the circuit a 24 V permanent magnet DC motor is driven. By
chancing the duty cycle with a 220 S R W H Q,Whé §pPdd \dohtrdlled.
The following figures are shapes of different duty cycles.



Figure 4.1- Output of 10% duty cycle
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Figure 4.2- Output of 40% duty cycle



Figure 4.3- Output of 70% duty cycle
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Figure 4.4- Output of 10% duty cycle



In table 4.1, measured values according to the duty cycle are seen.

Duty cycle ValV] Ia[A] Motor Speed
[RPM]
10% 2.096 0.75 45.4
20% 3.921 0.75 127.3
30% 6.48 0.78 239.8
40% 8.96 0.8 349.4
50% 11.64 0.81 451.6
60% 13.95 0.81 561.2
70% 16.68 0.82 679.8
80% 19.01 0.85 777.3
90% 21.64 0.9 898.3
95% 22.88 0.92 947.2

Table 4.1- Measured values due to the duty cycle
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Graphic 4.1- Va due to the duty cycle
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While testing, Va, la and RPM values are measured. The graphic are Va, la
and RPM changes due to the duty cycle span. As expected, when duty cycle span
increases, Va and la are increase. So the RMP increases and motor runs faster.

5. Conclusion

In this project a DC chopper designed. With an analogue circuit, PWM
signal was obtained. A DC motor controlled by 2 9 V batteries. The circuit
worked properly and controlled the DC motor successfully.

In conclusion, by using low powers, powerful motors can be controlled.

6. Equipments

SG3524 PWM REGULATOR
TC4427 MOSFET DRIVER
IRF540N MOSFET
10nF capacitor
3*0.1uF capacitor
47 uF capacitor
2*UF4007 diode
2*zener diode
UF5408 diode
N SRWHQWLRPHWHU
10N SRWHQWLRPHWHU
2* N UHVLVWRU
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