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	DC Motor’s Velocity Controller


The Abstract
It is one more example among the diversity of DC Motor Controllers. Nevertheless, it has several unique key features like: low power consumption in the idle state, cheap parts are used, velocity control with the adjustable non-liner characteristic at low values, and high efficiency.
It is not necessary to adjust or customize after assembling, the device starts working immediately it has been done. It might be essential, for instance, at the conditions of repetition work.

As for disadvantages, the design looks relatively complicated. However, the complicity justifies the permanency of the declared technical features in the wide range of the supplying voltages, loads and ambient temperatures.

Abbreviations

	AC
	Alternating Current

	DC
	Direct Current

	PCB
	Printed Circuit Board

	PWM
	Pulse Width Modulation

	LED
	Light Emitting Diode


	 DC Motor’s Velocity Controller


The purpose
The device controls smoothly the velocity of a DC motor’s axle, from 0 to 100%, as well as its direction. The control of DC motor is carried out by an external potentiometer or a joystick based on variable resistors.
Technical Specification

	Supply Voltage, V 
	12…36

	Bridged Driver Dropout Voltage, V 
	0.2

	Quiescent Current, mA (less than)
	10

	Max. Output Current, mA 
	1000

	Output Voltage Duty Cycle
	0…1

	Pulses’ Frequency, Hz
	250; 330; 860; 4,5k

	External Potentiometer’s Resistance, kOhm 
	10…12

	
	

	Ambient Temperature, °C
	0…+70

	Protection Level
	IP20


Method of Operation
Before power on the device the external controlling potentiometer must be set into the middle position. After the device powered on, turning the knob of the potentiometer causes the rotation of the DC motor’s axle, the velocity and the direction depend on the knob’s angle. When, the potentiometer’s knob is in the middle position, the DC motor stops.
On the PWM Controller jumpers J4 and J5 can be used to change the pulses frequency. The adjustment of the pulses frequency might effects the smoothness of the velocity’s controlling. It is recommended to use higher frequencies for low inductance and low frequency for high inductance DC motors.
There is “Operate” LED indicator on the PWM Controller PCB, when the power is on it lights. There are 2 LED on the Bridged Driver PCB, which indicate the direction of the DC motor axle’s rotation. 
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The Typical Application
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As is shown in the Figure 1, the DC motor is connected to the Bridged Driver through the block-terminal J3. The PWM Controller is joined to the Bridged Driver by 4 lines that deliver the controlling signals (2nd and 3rd lines) and the supply power (1st and 4th lines). The Battery can be connected to the PWM Controller (block-terminal J1) as well as to the Bridged Driver (block-terminal J2). The velocity of the DC Motor is controlled by the potentiometer, which is connected to the PWM Controller though the block-terminal J3.
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PWM Controller
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Figure 2. The PWM Controller’s Schematic Diagram
The RV1 potentiometer’s effect is shown in the figure D.1.

NB. This is the last schematic revision, therefore, R10 and R11 connections do not match the PCB shown on pages 13, 14 as well as RV1 is not on the board.
	DC Motor’s Velocity Controller


PWM Controller. Basics
The triangle waveform oscillator

The driving oscillator is based on Schmidt Trigger U1.A, R3, R5 and Integrator U1.B, R4, C1(C7, C8), the details about these parts operation can be found in source [3]. To determine the Amplitude of the Triangle Waveform Oscillator equations (1), (2) can be used.
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Where, 
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 – the input voltage at which Schmidt Trigger’s output switches from VEE  to VCC, 
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 – the voltage at which Schmidt Trigger’s output switches backwards – from VCC  to VEE.  
In other words, 
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 – the positive top of the triangle waveform, 
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 – the negative top of the triangle waveform. Thus, the Amplitude is the difference of these two values. 
The output frequency can be expressed by the equation (3).
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(3)
Where, trise and tfall – the rise and fall time of the triangle wave, these values can be found by the following equations:
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(5)
Where, R4 and C1 the Integrator’s parts, see the schematic in the figure 2. VCC  and VEE  are Op. Amplifier positive and negative supply voltages. However, in the project VEE = 0.
NB. Unless the Op. Amplifier is Rail-To-Rail, VCC  must be decreased by Vsat and VEE must be increased by Vsat. Vsat – Saturation Voltage of the Op. Amplifier, which can be extracted from the datasheet, see source [1], it is the difference between supply voltage and maximum output voltage.
Velocity Control Implementation
As it was mentioned earlier the goal of the Velocity Controller is the manipulation of the DC motor velocity by the external potentiometer. In its turn, the potentiometer sets the voltage on inputs (pins 10, 13) of the comparators U1.C and U1.D. This voltage is compared with the triangle waveform in the other inputs of U1.C and U1.D, see figure A. To obtain the correct control, the negative top of the triangle waveform on the U1.C input must be higher than the positive top of the triangle waveform on the U1.D input – condition (8) must be met. Otherwise, if these tops are overlapped and the potentiometer is in the middle position, on both outputs U1.C and U1.D impulses will be presented, this situation is shown in figure B. In this case DC motor will be supplied by pulsed AC. If the duty cycle of negative pulses is equal to the duty cycle of positive pulses the DC motor will be in the stop, however, it is the hardly reached condition, because it might be difficult to set the potentiometer in this position. 
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Figure 3. Triangle Waveforms on comparators inputs
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Figure 4. The overlap of the triangle waveforms on comparators’ inputs causes the pulses on comparator’s outputs when the potentiometer in the middle – in the stop position.
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Another drop-out is that in the stop the DC motor consumes power and makes annoying sound. That is why, the gap between negative top on the U1.C input and positive top of the triangle waveform on the U1.D input is necessary and it defines the backlash – the potentiometer’s sector where DC motor is in the stop. 
For using all potentiometer scale the maximal and minimal potentiometer’s output voltages must equal (or a little bit wider) than the positive top of the triangle waveform on the U1.C input and the negative top of the triangle waveform on the U1.D input, respectively. So, conditions (9) and (10) must be met.

To satisfy conditions (9) and (10) the adjustment of R10, R11 might be necessary.
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(8)

Where, 

UR6(2) – the voltage on the U1.C comparator’s input, 

UR8(2) – the voltage on the U1.D comparator’s input,
UR6(2)min – the minimal voltage on the U1.C comparator’s input at the negative top of UTriangle,

UR8(2)max – the maximal voltage on the U1.D comparator’s input at the positive top of UTriangle,
UVRmid – potentiometer’s output voltage in the middle position. 
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Where,

UR6(2)max – the positive top of the triangle waveform on the U1.C comparator’s input, 

UR8(2)min – the negative top of the triangle waveform on the U1.D comparator’s input,

UVRmax, UVRmin – potentiometer’s output voltage in side positions, can be expressed by (11), (12).
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(12)
The output voltage of the potentiometer in the middle position can be found through the expression (13).
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An example of the proper operation is demonstrated in Figures C.1 – C.5 of Appendix C. The average current through the DC Motor (as well as its Power) is in direct proportion to the pulses’ duty cycle. In its turn the Duty Cycle depends on the potentiometer output voltage directly as well.
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Bridged Driver
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Figure 5. Bridged Driver’s Schematic Diagram

While there is an active impulse at either PWM1 or PWM2 capacitors C4, C5 are charged up to 4…7 Volts, and when the impulse becomes inactive the charge of C4, C5 holds Q2 and Q8 opened, consequently Q4 and Q6 are opened as well. The condition when both Q4 and Q6 are opened immediately after an impulse becomes inactive, lets the opportunity to suppress self-induction spikes at the terminals of an inductive load, which a DC motor is.
Capacitors C1, C2 have only one need – the amplifier’s bandwidth limitation, which is necessary to eliminate a self-excitation or a ringing. The self-excitation appears when the amplifier is in linear mode, this condition is possible during rising and falling ages of impulses at PWM1 or PWM2 inputs; as far as this condition lasts for very shot time, C1 and C2 are considered to be optional.  
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Bill of Materials

PWM Controller’s parts

	Item 
	Quantity
	References
	Value
	Properties

	17 Resistors

	1
	5
	R1-R4, R14
	100k
	1/8W

	2
	1
	R5
	68k
	1/8W

	3
	2
	R6, R8
	7.5k
	1/8W

	4
	2
	R7, R9
	10k
	1/8W

	5
	2
	R10, R11
	1.2k
	1/8W

	6
	1
	R12
	1.6k
	1/8W

	7
	1
	R13
	12k
	1/8W

	8
	1
	R15
	2k
	1/8W

	9
	2
	R16, R17
	5.1k
	1/8W

	8 Capacitors

	10
	1
	C1
	1nF
	

	11
	1
	C2
	10uF
	16V

	12
	1
	C3
	1000uF
	40V

	13
	2
	C4, C5
	0.1uF
	

	14
	1
	C6
	1uF
	

	15
	1
	C7
	10nF
	

	16
	1
	C8
	4.7nF
	

	2 Integrated Circuits

	17
	1
	U1
	LM324
	

	18
	1
	U2
	LM317L
	

	1 LED

	19
	1
	D1
	Green LED
	

	6 Miscellaneous

	20
	1
	J1
	TBLOCK-I2
	

	21
	1
	J2
	TBLOCK-I4
	

	22
	1
	J3
	TBLOCK-I3
	

	23
	2
	J4, J5
	BLS2
	

	24
	1
	RV1
	3,3k
	

	25
	1
	VR
	10k
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Bill of Materials

Bridged Driver’s parts
	Item 
	Quantity
	References
	Value
	Properties

	8 Resistors

	1
	4
	R2, R3, R5, R6
	270
	1/4W

	2
	2
	R1, R7
	5.1k
	1/8W

	3
	1
	R4
	200
	1/8W

	4
	
	
	
	

	8 Capacitors

	4
	2
	C1, C2
	10nF
	

	5
	1
	C3
	2200uF
	40V

	6
	2
	C4, C5
	0.47uF
	

	8 Transistors

	7
	2
	Q4, Q6
	KT817Б
	β1 = 76, β5 = 68 

	8
	2
	Q3, Q5
	KT816Б
	β2 = 92, β7= 82 

	9
	2
	Q1, Q7
	KT315Б
	β3, β6 = 90

	10
	2
	Q2, Q8
	KT361Б
	β4, β8 = 80

	2 LEDs

	11
	2
	D1, D2
	Yellow LED
	

	6 Miscellaneous

	12
	1
	BR1
	W01G
	

	13
	1
	FU1
	JK30-110
	Polyswitch 1,1A

	14
	1
	J1
	TBLOCK-I4
	

	15
	2
	J2, J3
	TBLOCK-I2
	


To obtain maximum load’s current (above 1 Ampere) following condition must be met for power transistors: β1 = β2, β5 = β7, and must be more than 100. The same condition must be met for intermediate transistors: β3 = β8, β4 = β6.
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Appendix A

PCBs Top Layer
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Figure A.1. PWM controller’s PCB (a) and Bridged Driver’s PCB (b). Parts’ location
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Figure A.2. PWM controller’s PCB (a) and Bridged Driver’s PCB (b). Connections among the parts
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Appendix B

PCBs Layout
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Figure B.1. PWM controller PCB’s top layer (a) and bottom layer (b)
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Figure B.2. Bridged driver PCB’s top layer (a) and bottom layer (b)
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Appendix C
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Figure C.1 Comparators’ input and output waveforms at the relative current through DC Motor of 80%
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Figure C.2 Comparators’ input and output waveforms at the relative current through DC Motor of 30%
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Figure C.3 Comparators’ input and output waveforms when DC Motor in the stop position
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Figure C.4 Comparators’ input and output waveforms at the relative current through DC Motor of -30%
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Figure C.5 Comparators’ input and output waveforms at the relative current through DC Motor of -80%
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Appendix D
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Figure D.1 Output Voltage and the position of the external variable resistor relation at different values of the potentiometer RV1 “nonlinearity”.

NB. The Linear characteristic, which is marked “RV1=3.3 kOhm”, can be reached when the resistance of RV1 much higher or when RV1 excluded. In reality it is slightly curved.
	DC Motor’s Velocity Controller


Sources

1. LM324 Low Power Quad Operational Amplifiers 

www.national.com/ds/LM/LM124.pdf
2. LM317 3-Terminal Positive Adjustable Regulator
http://www.fairchildsemi.com/ds/LM/LM317.pdf
3. Operational amplifier applications
http://en.wikipedia.org/wiki/Operational_amplifier_applications
Figure 1. Connections among the PWM Controller, Bridged Driver and the environment
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