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III 

Summary 

 

For this project the main goal was to design, simulate, build and test a DC motor 

driver. To accomplish this, 4 different parts had to be design, that eventually 

would collaborate. The end result is a working DC motor driver with a 

controllable DCDC converter.  

The main objective of the project was to decrease the amplitude of the PWM  

(Pulse With Modulation) signal. When this signal is decreased the motor will 

starts rotating at a slower RPM (Rotations Per Minute) and eventually stops 

rotating. We are especially interested in the part where the motor speed is close 

to zero RPM . At  this point the back EMF (Electro Magnetic Force) would be 

close to zero.  

The project consist of 4 elements. Each element has a specific function in the 

total design. The first part of the design is the DCDC converter. To control the 

PWM amplitude the VCC of the H-Bridge needs to be controlled. This means 

that the voltage of the external power supply needs to be converted into a 

controllable DC output. The next part is a DCDC converter that converts the 

input voltage of the power supply into a voltage useful for the pulse generator. 

The third part is the function generator that converts the value of the second 

DCDC converter into two PWM frequencies that contains a duty cycle of 50%. 

This signal will be applied on the MOSFETs input. The fourth and final part is 

the H-Bridge, this part is where all the signals will come together and will be 

combined into a single signal that will drive the DC motor.  

The testing results where different than expected. The expectation was that the 

closer the motor will go to zero RPM the lower the EMF will be. The testing 

results shows that this is not the case. When the highest voltage is applied (VCC 

of 14.5V) on the H-bridge the effect of the EMF is very small. When the motor`s  

RPM reaches a speed of 1 RPM (VCC of 4.5V) the EMF will become more 

visible and starts to influence the signal shape more . Also an unexpected result 

was the following, the lower the PWM frequency the more distortion became 

visible on the motor signal from the EMF and the motor inductance. 

 

 



  
 

IV 

Abstract 

For this project the main goal was to design, simulate, build and test a DC motor 

driver. To accomplish this four specific parts had to be design. First a DCDC 

converter that converts the input signal from an external power supply in a 

controllable DC output. The second part was a DCDC converter that converts 

the DC input in a voltage useful for the function generator, the third part is the 

function generator that provides a signal to the H-Bridge, and the final part is the 

H-Bridge itself. The goal is to compare the measurement with the simulations to 

the expectations. What we are interested in is the influence of EMF when the 

RPM of the motor is zero or close to zero.  

 

Keywords:  DC motor driver, DCDC converter, Pulse generator, H-Bridge,  

  Back EMF.  
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1. Introduction 

 
   

1.1. Background 
 
Typically a DC-motor is 

controlled by a PWM-controller  

which  by means of a  

H-bridge applies a square-waved 

formed voltage signal to the poles 

of the motor. The main idea was 

to use the motor as a servo motor 

when the velocity of the motor is 

zero or close to zero. In such a 

case there is no back-EMF. To 

decrease the RPM of the motor the 

PWM (Pulse With modulation) signal 

applied to the motor needs to be decreased. In this project instead of changing the duty 

cycle the amplitude of the PWM signal applied to the motor will be decreased. When the 

RPM of the motor is zero the voltage only needs to overcome the winding inductance 

and the winding resistance, which should result in zero back-EMF. 

1.2. Purpose and objectives 

The purpose for the project is to design, simulate, build and test a motor driver with a 

controllable DCDC converter that can convert the DC value low enough to let the motor 

spin with a velocity of zero or close to zero. To accomplish this result 4 separate parts 

needs to be designed (figure 2). The first part is the DCDC converter which converts the 

18VDC input into an controllable DC output. The second part is the DCDC converter 

for supplying a voltage of 9.5V to the pulse generator. The third part in the design is the 

pulse generator itself. The purpose of this part is to convert a DC signal into a square 

wave PWM signal with a duty cycle of 50%  with a frequency of 12.5kHz and 5kHz. 

The possibility to switch between these 2 frequencies was not a part of the assignment, 

because of curiosity of the results on the back-emf this is intergraded in part 3. The 

output signal must be at least 5V to switch the MOSFETs  open, and 0V to close the 

MOSFETs. The fourth and last part is the H-Bridge itself. This is the key part of the 

total design, this is where all the signals come together and will be combined in a single 

signal that will drive the motor. The H-bridge will be provided with a signal from the 

pulse generator. Between the pulse generator and the H-Bridge there will be a switch to 

switch between MOSFET groups to change the spinning direction of the motor. The H-

Bridge will be provided with a voltage generated by the DCDC converter. When the 

speed of the motor needs to be changed the potentiometer on the DCDC converter needs 

to be turned to generate a different DC output. To keep track of the generated  output of 

the DCDC converter a V-display  will be used to display the output voltage with an 

accuracy of 1mV. All four parts combined will result into a working motor driver PCB 

as shown in figure 1. 

 

  

Figure 1. Completed motor driver (end product) 
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The used tool for simulating every separate part is LTspice, a simulating program with a 

large variety of component and  very user-friendly. The reason for using this simulating 

program is because of my experience with the simulation program PSpice. The benefits 

of LTspice compared to PSpice is that the designed schematic can easily be converted 

into a file that can be used as an Eagle schematic. For the design of  the total schematic 

and for a decent overview of all the components [APPENDIX3]  the software Eagle has 

been used. This is a software for designing print circuit boards.  

 

1.3 limitations  

The biggest limitation of the project was the amount of time available to finished the 

project. The project  started at the date 28-4-2016 and ended at the date of 27-5-2016.   

When the schematic was finished there would be made a PCB [APPENDIX6.1], this 

PCB would been made during the visit in the Netherlands at the Fontys University of 

Applied Science.  During the visit I found out that the university was closed during that 

specific week. That’s why a test PCB [APPENDIX6.2] is used instead of a 

professionally made PCB.   

Figure 2. Combined parts and signals 
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2. DCDC converter 

 
2.1. Introducing the problem 

 
To provide the MOSFETs with a variable DC voltage, a DCDC converter needs to be 

designed. The converter needs to convert the input voltage to a variable DC voltage 

output. The assignment was to decrease the input voltage of the DCDC converter to let 

the electromotor spin at a very slow ratio. To do this the input voltage needs to be 

controlled from the original voltage to a lower voltage (ideally 0V).  

2.2. Thinking of solutions  

 
The motor that is used is a 400W 48V electro motor [APPENDIX4]. Because of the 

high power the DCDC converter needs to  provide not only a variable voltage the motor, 

but also deliver enough current to the 

motor. The first solution was to use an 

LM317 voltage regulator. The reason for 

this choice is because it is able to convert 

37V back to 1.25V. However the output 

current is limited at 1.5A. This makes this 

voltage regulator not strong enough. When 

added a Transistor (2N2955) over the 

LM317 the current can be increased up to 

5A. Because the minimum output voltage 

is 1.25V instead of 0V and to increase the 

learning curve a different design is chosen. 

The LM317 is based on a few main 

components which are shown in figure 3. It 

contains a controllable input, a voltage 

follower OPAMP, and a Darlington transistor to increase 

the current. So instead of the voltage regulator and a PNP transistor the choice was made 

to use the LM317 principle but not using the actual LM317 component.  

 

To minimize power dissipation in the resistors high ohm resistors were chosen as a 

voltage divider. A 1KΩ resistor between the input voltage and the positive input of the 

OPAMP (LM741) was chosen, from the Positive input to the ground  a 10KΩ 

potentiometer was used.  When the value of the potentiometer is changed the voltage 

division ratio across the resistors is also changed. The changing voltage across the 

potentiometer is connected to the positive input of the OPAMP. Because the negative 

input is connected to the output the total gain is 1.  The output is connected to a 

Darlington transistor(TIP122). The transistor has a max  Vce of 100V and a maximum 

collector current of 5A and a hfe of 1000. This makes this Darlington transistor more 

than sufficient for the application .  

 

  

Figure 3. LM317 building blocks  
(from datasheet)  
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2.3. Calculations 
Formula for calculating motor power dissipation and current [1] APPENDIX4. 

 

                  
  

  
                  

  

  
       

      
 

                                     
 

             
   

                  
                            

 
 Icp (I collector pulse) of the TIP122 is 8A so this shouldn’t be a problem  

* because the minimum DC output of the LM741 higher was then expected  there 

is chosen for 2 diodes to decrease the voltage on the input of the Darlington transistor 

with 1.4V (2x diode voltage drop).  

2.4. Component choice 
R1:  820Ω   R2: 1KΩ 

R3: pot 10kΩ   C1:  100nF 

C2:  100nF   D1:  1N4004 

OPAMP:  LM741P   D2:  1N4004 

Transistor:  TIP122  LED1:  5mm, 1.5V, 20mA 

 

2.5. Schematic overview 
 
 

 
 

 

 

 
1:Input,  DC input from external power supply. 

2:LED,   DCDC converter power indication. 

3:Resistors,   Voltage divider to change the input  

   voltage of the opamp. 

4:OPAMP,  Opamp voltage follower (amplification x1) 

   max current supply increase. After the opamp two  

   diodes are used to decrease the voltage with 1.4V. 

5:Darlington transistor, Current increase up to 5A continuous and 8A pulse. 

1 2 3 4 5 
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2.6. Simulations DCDC converter 

 
Figure 4. max output voltage with Imax (14.7V 6.2A) 

 
Figure 5. minimum output voltage (291nV) 

As shown in the simulations the signal is stable. When the output resistor is decreased 

until the current is 6.2A the output stays stable (figure 4).  This means that the DCDC 

converter can handle the pulse current in the beginning of the motor cycle. When the 

potentiometer is decreased until it reaches 0Ω the minimal output voltage is 291nV ≠ 0V 

(figure 5).  
 

2.7. Measurements  

 
 
 

When the input voltage is 16.3V the output voltage is stable, and has only a small ripple 

of 40mV (figure 6). At this moment when the input of the MOSFETs is provided with a 

PWM signal the motor is running with a stable square wave. When the output voltage of 

the DCDC converter was reduced, the output signal became unstable. When the output 

was reduced to 5V the signal became so unstable that the  signal on the motor did not 

only exist of a square wave, but also multiple sine waves [APPENDIX5]. When the 

output voltage was reduced an AC signal was introduced with an amplitude of 1.6V and 

a frequency of 2.6Mhz (figure 7). This is likely due to parasitic inductances and 

capacitances,  resulting in resonance at this specific frequency. However, due to time 

constraints it was not possible to investigate this further.    

  

Figure 7. AC ripple 1.6V 2.6MHz low output voltage  Figure 6. AC ripple 40mV high output voltage  
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2.7.1. Stabilized DCDC output  

A simple solution to make the system stable again is adding a capacitor to shortcut the 

AC signal, The next formula is used for calculating the capacitor value. To shortcut the 

signal to the ground the Capacitor needs to have a open connection for DC values and a 

low resistant (shortcut) for the AC values.  

 
2.7.2. Calculations AC filter     

   
 

       
 

  
 

        
     

 

             
                 

 

2.7.3. Simulations  

 
Figure 8. Changed input to establish measured output signal (no output filter) 

 
Figure 9. Output signal after adding the filter 

To create the same signal as measured on the PCB there has been added an AC signal in 

series with a DC signal on the input of the OPAMP. The output of the OPAMP is the 

combined signal of the 2.6Mhz signal with 1.6Vpp and a DC offset of 5V (figure 8). 

Over RL there has been placed the calculated capacitor of 100nF, the signal is,  as 

shown in figure 9, stable.  

 

2.7.4. Measurement 

When the capacitor is added the 

signal is stable again as shown in 

figure 10. The AC ripple is 

20mV after adding the filter. 

2.8 Conclusion 
The DCDC converts the 18V 

input in a stable controllable 

output. Also when the motor is 

added to the converter the signal  

stays stable when output is 

increased or decreased.   

Figure 10. DCDC converter with AC filter 
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3. DCDC Converter for the Pulse generator  

3.1. Introducing the problem 
The pulse generator needs to be supplied by a specific voltage to get a specific output 

voltage. To generate an output voltage around 8V you need to supply the NE555 (Vcc) 

with at least 9V. The used input voltage of the DCDC converter is 18V. This voltage 

needs to be converted to a useful voltage of 10V.  

 

3.2. Thinking of solutions  

The IC used to convert the DC voltage is the LM317 Adjustable voltage regulator. The 

reason for this choice is because it’s able to convert 37V back to 1.25V (so 18V 

converting to 10V would not be a problem) and the IC can deliver at least 1.5A which is 

more than enough for the application in mind.  

 

3.3. Calculations  
Given formula for calculating output voltage and component choice: 

            
  

  
            

          
    

  
                     

  

   
                   Ω 

(E12 =1.5kΩ) 

                          
    

   
                      

3.4. Component choice 
Voltage regulator: LM317 

C1:  100nF 

R1:   240Ω 

R2:   1500Ω 

3.5. Simulation LM317 
As seen in the simulation (figure 11)  the 

DCDC converter will generate a output voltage 

around 9.4V, this is 0.2V more than calculated. 

This is not a problem in the end design as long 

as the output of the pulse generator is between 

7 and 8 VDC on the high pulse [2].  

 

3.6. Measurement 
The output value is close to the simulated value, the difference 

is 350mV. The results are not exactly as calculated because the 

resistors that are used had a tolerance of 5%.   

3.7. Conclusion 
The output voltage is high enough (see figure 12) for applying 

the right input voltage to the NE555, also the current that the 

DCDC converter delivers (1.5A) is more than high enough.  

        Figure 11. Simulating Voltage regulator 

Figure 12.  Output DCDC convert 
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 4. Pulse generator 

 
4.1. Introducing the problem  
The H-bridge needs to be provided with a PWM signal to switch the Gate(G) input of 

the MOSFETs. The PWM signal that needs to be generated must have a duty cycle of 

50%, and have a output voltage high enough to open the MOSFET.  The chosen 

frequencies that the pulse generator needs to provide are 5kHz and 12.5kHz. 

  

4.2. Thinking of solutions 
The chosen solution was a Pulse Generator IC [3], also known as the NE555. The 

NE555 timer is used in a variety of timer, pulse generation, and oscillator applications 

and can generate signals higher then 500Khz. For this project the chip is used as a Pulse 

Generator (square wave) with a duty cycle of 50%. The chosen frequencies to switch the 

MOSFETs are 12.5Khz and 5Khz. 

 

4.3. Calculations  
Given formula for calculating output frequency duty cycle and component choice [4]: 

 

  
    

            
 

   
    

           
 

       
    

                           
                       

                 
    

                  
         

          
    

                        
                    

                 
    

                
        

 

                    
     

         
 

 

                                    
        

            
 

    

         = 0.51 = 51%   
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4.4. Component choice 

Pulse generator:  NE555 

R1:   3.9kΩ 

R2:    68kΩ 

C1:    10nF 

C2:    0.8nF/2nF 

S1:   3 way switch 

D1:    IN4004 

S2:    1 way switch 

LED:    5mm 1.5V 20mA 

R3:    470Ω 

4.5. Schematic overview  
 

 

 

 

 

 

 

 

 

 

 

 

1: DCDC converter,  Convert 18VDC into 9,5VDC. 

2: SWITCH,   1: switch on 12.5kHz output. 

    2: switch on 5kHz output. 

    3: switch on NE555 pulse generator. 

3:  NE555,   This integrated circuit converts DC input   

    into square wave output with duty cycle of   

    50% (pulse generator). 

4: LED,   Led indication when NE555 is turned on. 

5:  DIODE+SWITCH, Diode prevents negative current flow when  

    external signal is used, switch is used to  

    switch between MOSFET channel to    

    change the polarity of the motor. 

 

 

 

 

 

  

1 2 3 

4 

5 
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4.6. Simulation NE555   

 
Figure 13. Schematic Pulse generator 5kHz 

The simulating program  that is used is LTspice. With this model  it was not possible to 

trigger the THRS and TRIG  input with a capacitor. In the schematic that is used  the 

component C2 is triggering the NE555 which eventually generates the pulsating output. 

The methods used to trigger the NE555 in LTspice is using a Pulse generator on the 

input on the THRS. Adding this component would influence the output results, this is 

the reason why it was decided to put more effort in the building and testing this part so it 

is possible to compare the measured results with the calculations. The simulated 

schematics are shown in figure 13 and 14. 

 

4.7. Measurements  

 
Figure 15. NE555 output 13kHz  7.65Vtop  Figure 16. NE555 output 4.44KHz 7.31Vtop 

The measurements are a little bit different then the exacted output signal. The highest 

frequency is 13kHz  instead of 12.5kHz (figure 15). This can be explained by the 

capacitors having a different value, their tolerance is 20%. And the 5kHz signal is a bit 

lower, 4.44kHz (figure 16). This lower frequency will not influence the test results 

negatively.  

 

4.8. Conclusion 

The output values of NE555 are not as accurate as expected. When  tested on a 

breadboard the signals where more stable than the components on the PCB. Also the 

duty cycle should be 51%, as shown in the figures above the high part of the pulse is 

more than 51%. But the signal value is high enough for switching the MOSFETs on and 

off. When replacing R1 and R2 by a potentiometer the PWM can  be changed (see 

calculations duty cycle) into a value closer to 50% duty cycle .  

  

Figure 14. Schematic Pulse generator 12.5kHz 
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5. H-bridge 
 

5.1. Introducing problem 
The DC motor needs to be controlled, that’s why the H-Bridge (figure 17)  is introduced 

in the main schematic. The H-Bridge needs to convert the PWM signal and controllable 

DC voltage into a single signal that will provide the motor with a current. Also the 

polarity of the DC motor should be changeable so the motor is able to run forwards and 

backwards.  

5.2. Thinking of solution 
The chosen solution is a MOSFET H-Bridge [5]. The reason for this is because of the 

low switching loses, able to handle high drain source 

voltage and high drain current.  The chosen P-MOS 

and N-MOS are the IRF9540 and the  IRF540, the 

switching loses of these MOSFET are low enough to 

convert at least 99.8% of the signal provided by the 

pulse generator or external signal [APPENDIX1] 

[APPENDIX2]. Also both MOSFETs are able to 

handle a drain source voltage up to 100V and  a drain 

current up to 23A.  Lets explain the basics of the H-

Bridge. When a voltage is applied on MOSFET S1 

and S3 it is  able to let the motor spin when the right 

MOSFETs are switched on or off.  There are only 2 

combinations to let the motor spin forwards or backward. 

Other combinations will cause either  no motion or fireworks.  

 

The combinations are the following: 

 

MOSFET 

S1 

MOSFET 

S2 

MOSFET 

S3 

MOSFET 

S4 

RESULT 

ON OFF OFF ON Motor running forwards  

OFF ON ON OFF Motor running backwards 

ON OFF ON OFF No motion 

OFF ON OFF ON No motion 

ON ON OFF OFF Shortcut to ground (fireworks) 

OFF OFF ON ON Shortcut to ground (fireworks) 

 

5.3. Component choice 
PMOS1/PMOS2: IRF9540 NMOS1/NMOS2: IRF540 

R1/R2/R3/R4:  10KΩ R5/R6:   100Ω 

R7/R8:   2.2kΩ  D1/D2/D3/D4:  1N4148 

NPN Transistor:  2N2222  Fuse:   8A Slow 

  

Figure 17. basic H-Bridge 
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5.4. Schematic overview  
           

 
1:FUSE,    Prevents damage when shortcut 

2:NPN    When transistor is not in conduction   

    pull up resistor makes sure that gate  

    input of MOSFET is not floating. When  

    transistor is in conduction the gate input is  

    pulled down to ground and drain source is  

    in conduction.  

3: NE555,    Signal input from NE555  

4:SIGNAL,   Signal input from External signal  

5: P-MOS    P channel MOSFET for switching the  

    V CC value on the frequency and duty  

    cycle of the signal input. Fly back diode  

    for eliminating fly back from motor. 

6: N-MOS   N channel MOSFET for switching  

    signal towards ground. Fly back diode  

    for eliminating fly back from motor.  

7: RESISTOR   To avoid floating gate input  a pull down  

    resistor is used.  

1 

2 

3 

4 

5 

6 

7 
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5.5. Simulation H-Bridge 

 

 
  Figure 18. Schematic simulated H-Bridge.   

 
Figure 19. Frequency 10kHz,  +13.3Vtop             Figure 20. Frequency 10kHz, -13.3Vtop 

 
Figure 21.  Frequency 10kHz, + 3.3Vtop            Figure 22. Frequency 10kHz, -3.3Vtop 

The results for the simulation are as expected. In all the simulations the switching 

frequensy is 10kHz and the duty cycle is 50%. In situation 1  and 2 the H-bridge is 

provided with VCC of 14.5V. When MOSFET 1 and 4 are provided with a signal the 

motor is provided with a positive signal of 13.2VP (figure 19). When MOSFET 2 and 3 

are provided with a gate signal, the motor is provided with a negative signal of  

-13.2VP (figure 20). In situation 3 and 4 the H-bridge is provided with VCC of 4V. 

When MOSFET 1 and 4 are provided with a gate singnal, the motor is provided with a 

positive signal of 3.3VP (figure 21). when MOSFET 2 and 3 are provided with a signal 

the motor is provided with a negative signal of -3.3VP (figure 22).  
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5.6. Measurements 

 
Figure 23. Vtop 14.5V (Vcc 14.5V) f 13kHz         Figure 24. Vtop 5.2V (Vcc 5V) f 13kHz  

 
Figure 25. Vtop 14.4V (Vcc 14,5V) f 4.44kHz        Figure 26. Vtop 11.5v (vcc 5v) f 4.44kHz  

An external power supply is connected to the input of the PCB. When the 18V is applied 

to the input the power indication LED will turn on.  The DC value delivered from the 

power supply is 18VDC. The DC value is converted in the variable DCDC converter to 

a lower DC output value by turning the potential meter. The 18V is also converted by a 

DCDC converter into 9.5V, this voltage is applied to the input of the pulse generator. 

After this the pulse generator is switched on manually At this point the pulse generator 

indication led starts to burn. Now the choice can be made to chose the oscillating 

capacitor for generating an output frequency of 4.44kHz (figure 25 and 26) or 13kHz 

(figure 23 and 24). The frequency generated by the pulse generator is connected to a 

switch. One end of the switch is connected to MOSFET 1 and 4, the other end is 

connected to MOSFET 2 and 3. When the position of the switch is changed the motor  

will start rotating forwards or  backwards. The variable DCDC output value is connected 

to the VCC of the H-bridge. When change the potential meter of the DCDC converter 

the voltage across the H-bridge is decreased and also the amplitude of the signal applied 

to the motor will decrease. The motor is connected to the motor connector that is located 

between the H-bridge. Now the resistor value of the potential meter will be decreased 

until the output is low enough (around 5V)  that the motor RPM is close to zero. At this 

point the oscilloscope is connected to the input of the motor and the ground wire of the 

motor. These measurements are displayed in figure 23, 24, 25 and 26.   

 

 

 

 

 

 

   Field      Back  

collaps      EMF 

      Field             Inductance  

recovery             Motor 



DC motor driver for low RPM                    Stefan Ketelaars                             27-5-2016 

15 
 

 

 

At the measurements you can see the PWM signal when connected to the motor. On 

figure 23 the signal is close to the original applied signal on the MOSFETs, the 

frequency is 13kHz and the DC value is 14.5V. On figure 24 the frequency is 13kHz and 

the VCC of the H-bridge is decreased until the motor is barely rotating (5V). As shown 

in the figure the signal has a little bit more distortion compared to figure 23, this 

distortion is the back EMF generated by the motor [6]. The frequency in figure 25 and 

26  is 4.4kHz. when a lower PWM frequency is applied the signal connected to the 

motor will become more distorted [7],  and back EMF will become more visible (picture 

26).        

 

5.7. Conclusion 

 
The H-Bridge is working. The signal applied from the NE555 and VCC are well 

transferred  to the motor. When applied maximum voltage the top value of the PWM 

signal on the motor is 14.5V. The NE555 generates 2 different PWM frequencies,  when 

the 13kHz signal is used the motor runs very smoothly and the signal on the motor itself 

will show less distortion when the VCC is reduced. When VCC is reduced back emf  

will become more visible and the"high" portion of the waveform related to the motor's 

inductance will also becomes more visable. When the 4.4kHz signal is used as input 

signal the motor is running less smooth and a high freqency sound will accure inside the 

motor. Also when the freqency is decreased the PWM signal over the motor becomes 

more distored.    
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6. Discussion and conclusion 

 

The first part that was designed was the controllable DCDC converter. I have learnt 

a lot from rebuilding a LM317. The measurement was different compared to the 

calculations. The LM741 generated a AC signal of 2.6MHz and when the input was 

0V the output had an offset of 2.5V. To get rid of the distortion I have added a filter 

and to decrease the dc offset I have added two diodes to decrease the voltage 

applied to the Darlington transistor with 1.4V. If I had to redo this part I wouldn’t 

use the LM741, instead I would connect the voltage divider directly to the input of 

the Darlington transistor. This is possible because the hfe is 1000, when the 

maximum current is used of 6.2A the current the resistors need to provide the input 

of the transistor is 6.2mA. That would not be a problem.  

The second part was the DCDC converter that converts the input voltage of 18V 

into 9.5V. The LM317 was applied, easy to use, could provide more than enough 

current. The only interesting part of this was that the calculation, simulation and 

measurement all provided different outcomes. After some research I found out that 

the tolerance of the resistors influenced the results extremely.  

The third part was the pulse generator. There component used is the NE555 timer. 

the breadboard version and PCB version had different results. The output on the 

PCB had more distortion and both versions had a duty cycle more than 50%. If I 

had to redo this part my choice would be a microcontroller to generate my own 

PWM signal, this would be more accurate and more reliable. Because of the limited 

amount of time my choice was the NE555. 

The last part was the H-Bridge. This part worked during the simulations and 

worked the first time when built on breadboard. Also on the PCB this part kept 

working. The signal coming from the H-Bridge was exactly the signal produced by 

the NE555 with low switching loses. The MOSFETs worked also really well with 

low drain source voltages applied by the DCDC converter. 

Most import was the influence of the back-EMF generated by the motor when the 

voltage of the DCDC converter was decreased. The expectation was that the closer 

the motor will go to zero RPM the lower the EMF will be. The testing results 

shows that this is not the case. When the highest voltage is applied (VCC of 14.5V) 

on the H-bridge the effect of the EMF is very small. When the RPM reaches a 

speed of 1 RPM (VCC of 4.5V) the EMF will become more visible and starts to 

influence the signal more as shown in figure 24 and 26. Also an unexpected result 

was the following, the lower the PWM frequency the more distortion became 

visible on the motor signal from the EMF and the motor inductance[8] (figure 25). 
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APPENDIX 1  

 
Specs + Switching behavior IRF9540 

IRF9540 PMOS 

 

 

 

 

 

 
 

Situation  10kHz duty cycle 50% 
 

Maximum T-on delay Time  =20ns 

Maximum Rise Time   =100ns 

Maximum t-off delay Time  =70ns 

Maximum Fall Time  =70ns 

 

Maximum T-on Time  = 49.865µs 

Maximum T-off Time   = 49.965µs 
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APPENDIX 2  

 
Specs + Switching behaviour IRF540 

IRF540 NMOS 

 

 
 

 
 
Situation  10kHz duty cycle 50% 
 

Maximum T-on delay Time  =11ns 

Maximum Rise Time   =35ns 

Maximum T-off delay Time  =39ns 

Maximum Fall Time  =35ns 

Maximum T-on Time  = 49.937µs 

Maximum T-off Time   = 49.993µs 
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APPENDIX 3 
 

Schematic 
  

 
  



DC motor driver for low RPM                    Stefan Ketelaars                             27-

5-2016 

XXII 
 

 

APPENDIX 4 

 
The DC motor used for the Project: 

 
0.4KW dc motor 400W cnc spilmotor 400W for CNC milling mechine, 

including fan. 

 

Motor specifications: 
Working voltage: 12-48VDC 

Power: 400 W 

speed: 3000-12000 RPM(12 v-3000 rpm,24 V-6000 rpm, 36 V-9000 rpm.48 

V-12000 rpm)  

torque:500mN. m 

isolation resistance: > 2 megohms 

diëlectric max: 400 V 

 

Link to website for more details: 
http://nl.aliexpress.com/item/BEST-0-4KW-dc-motor-400w-cnc-spindle-motor-
400w-for-CNC-Engraving-Machine-with-
fan/32508152838.html?spm=2114.01010208.3.1.SkOA1C&ws_ab_test=searchweb2
01556_0,searchweb201602_4_10017_10021_507_10022_10020_10009_10008_100
18_10019_101_9963,searchweb201603_6&btsid=a3c33936-d009-425e-98f4-
7e113bedc871  

http://nl.aliexpress.com/item/BEST-0-4KW-dc-motor-400w-cnc-spindle-motor-400w-for-CNC-Engraving-Machine-with-fan/32508152838.html?spm=2114.01010208.3.1.SkOA1C&ws_ab_test=searchweb201556_0,searchweb201602_4_10017_10021_507_10022_10020_10009_10008_10018_10019_101_9963,searchweb201603_6&btsid=a3c33936-d009-425e-98f4-7e113bedc871
http://nl.aliexpress.com/item/BEST-0-4KW-dc-motor-400w-cnc-spindle-motor-400w-for-CNC-Engraving-Machine-with-fan/32508152838.html?spm=2114.01010208.3.1.SkOA1C&ws_ab_test=searchweb201556_0,searchweb201602_4_10017_10021_507_10022_10020_10009_10008_10018_10019_101_9963,searchweb201603_6&btsid=a3c33936-d009-425e-98f4-7e113bedc871
http://nl.aliexpress.com/item/BEST-0-4KW-dc-motor-400w-cnc-spindle-motor-400w-for-CNC-Engraving-Machine-with-fan/32508152838.html?spm=2114.01010208.3.1.SkOA1C&ws_ab_test=searchweb201556_0,searchweb201602_4_10017_10021_507_10022_10020_10009_10008_10018_10019_101_9963,searchweb201603_6&btsid=a3c33936-d009-425e-98f4-7e113bedc871
http://nl.aliexpress.com/item/BEST-0-4KW-dc-motor-400w-cnc-spindle-motor-400w-for-CNC-Engraving-Machine-with-fan/32508152838.html?spm=2114.01010208.3.1.SkOA1C&ws_ab_test=searchweb201556_0,searchweb201602_4_10017_10021_507_10022_10020_10009_10008_10018_10019_101_9963,searchweb201603_6&btsid=a3c33936-d009-425e-98f4-7e113bedc871
http://nl.aliexpress.com/item/BEST-0-4KW-dc-motor-400w-cnc-spindle-motor-400w-for-CNC-Engraving-Machine-with-fan/32508152838.html?spm=2114.01010208.3.1.SkOA1C&ws_ab_test=searchweb201556_0,searchweb201602_4_10017_10021_507_10022_10020_10009_10008_10018_10019_101_9963,searchweb201603_6&btsid=a3c33936-d009-425e-98f4-7e113bedc871
http://nl.aliexpress.com/item/BEST-0-4KW-dc-motor-400w-cnc-spindle-motor-400w-for-CNC-Engraving-Machine-with-fan/32508152838.html?spm=2114.01010208.3.1.SkOA1C&ws_ab_test=searchweb201556_0,searchweb201602_4_10017_10021_507_10022_10020_10009_10008_10018_10019_101_9963,searchweb201603_6&btsid=a3c33936-d009-425e-98f4-7e113bedc871
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APPENDIX 5 
 

Measured signals with 2.6MHz distortion. 
 

 
Figure 1.    13Khz generated by NE555 with distortion. 

 

 
Figure 2.    5Khz generated by NE555 with 2.6MHz distortion. 
 
 

 

 

 

 
Figure 3. 10Khz generated by external                Figure 4. 10kHz output over motor with 2.6Mhz   
                  function generator.         interference. 
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APPENDIX  6 
 

6.1.  PCB design motor driver made in Eagle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.2. Hand wired PCB (end product) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. PCB motor driver, designed in Eagle 

Figure 2. End product                                             Figure 3. Hand wired PCB 
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