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Motor Power Supply:
WKk3: Pulse Signal and PWM Control
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ST LECTURE: GENERIC MOTOR SPEED

* CONTROL

.

-

* Higher voltage leads to larger current,
higher power and faster rotation

*» Different voltages can be obtained by
using a variable resistor

*» Disadvantages:

> Itis not efficient- energy is wasted as heat in the variable resistor
particularly at low speeds.

> It is difficult to control the speed precisely

» Need mechanical motion to tune the resistor and not computer
friendly
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H L
Period = H+ L

_ Duty cycle = —-
uty cycle = [T

* By adjusting the duty cycle, the speed of the motor can be controlled
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= GENERATING PULSES

. *» By mechanically pressing a switch
quickly

* By electrical means using an oscillator
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% Oscillators can also be constructed using
a 555 Timer IC (will be used in your
project)

*» The frequency of this clock signal depends

555 Timer Pinout
8 vee

Ground 4
Trigger 2

Output =3

7 Discharge

6 Threshald

Reset 4 5 EEE’;‘.
on the values of R ,, R, and C, according to Tap Vi
the formulas below
5v
T
I|I L oo v B
“P>—> ) . R,
H L Trigger Disch
R
3 ouT Thresh 6 °
H=0.7(R,+R;)C, JL—9
gy—t| RESET  2/3V¢c 2
L =0.7R;C, L. .
T=H+L=07(R,+2R;)C,
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T PWMCONTROL WITH NE555

- e

Intervention

s Analog control also difficult to obtain the
required speed precisely

s We will develop a method to control the
pulse width digitally

i )
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% Controlling the pulse width with R ,, R, and C, also requires mechanical

GND Vee

Trigger Disch

ouT Thresh

RESET  2/3 V¢

—_c,
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= BINARY NUMBERS

the set {0,1,2,3,4,5,6,7,8,9}

* Binary number system — base 2, each
digit is selected from the set {0,1}

s Why do we use a binary system?

01010

» It can be represented by two
voltage levels

l4'
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*» Decimal number system — base 10, each digital is coming from

Base 10

Base 2

0

0000

0001

0010

0011

0100

0101

0110

0111

1000

Ol |IN|O|O|Rr~[W[IN|EF

1001

=
o

1010




T PULSE AND BINARY REPRESENTATION
e

s You may use pulses to transmit binary numbers ... but

sit 0 1 0 1 0 st 0 1 1 0 1 1 O
or 0011 00 11 00 or 001111001111 00

¢ A synchronization signal called a “clock” is needed

Clock

Data

Number 1 1 0 o0 1 O 1 1 o0 o

Q: how can you transmit more bits in the same time slot?
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A clock is a series of pulses transmitted at constant frequency for
synchronization

Clock speed usually represents the fastest rate data that can be handled
or transmitted

Most electronic systems require clocks

Example: Intel Core i7 3.4GHz Quad-Core represents the fastest signal is
at 3.4GHz (or 3,400,000,000 pulses per second)
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.. : COUNTER (74HC161)

74HC161
" . e
" o A counter. IS an IC that counts the number of rising VR [T 6] Voo
edges of input clock (for example, 74HC161) <:|ockCPE" ] 7
< Its output is a binary number Q.0Q.0Q,0Q, Do 3 4o
T : 11 7 11 7 D1 4 : E C“ i
¢ Binary number consists of only “0” and 1" and the ! 22 |
i . : . D2 [5 P 12] @2
equivalent decimal number is given below : ;
D3 [6 | [ a3 )
Outputstq=====-
CEP [7 ] 10] CET
<& . . 11 7 . 11 7
< In circuit, “1" represents high and “0” represent low s[5 57 PE

D | 0 | 1 ] 203 | 4 5 | 6 | 7 | 8 9o ] f0 |1 12]13] 1|5

Bin 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 11N
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B =

T OUTPUTS OF 74HC1061
e %

Eaib
-

Clock I \

elolola
Hooé
OHoé
Hpoé
OOHé
oko
orro
HHHé.
ooo;.
mroor
ORrOoORr
PR OR
OOoORrR
RPORRE
ORRE
PR
elolola
RPOOO
O OO
=Ro0 [
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= BIT VALUE IN BINARY NUMBER

+*

< Digit value in decimal number o X X X X X
... 104102 102 101 10°

“ Digit value in binary number L. X X X X X
Lo 24023 22 2t 20
..16 8 4 2 1

s For n binary digits, in total it can represent 2" numbers, the largest
number is 2"-1

Q: For 74HC161, the 4-bit binary counter, what is the largest number it

can output?
Answer: 24—-1=15 (Q;0Q,0Q,Q,=1111)
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T COMPARATOR (74HCS85)
- e |

s A comparator compares 2 binary numbers
Ag
A(:ABAZA].AO) and B (:BBBZBIBO) 16] [15] [14] [13] [42] [41] [w0] [

s If A< B, the pin A<B will go high and so on

Ll [2f 8] [ef [s] [e] [7] Le]
By a8 Ia-B 1B Oa>B Opa-B QA< GND

% Suppose the number A comes from the counter 74HC161 and starting
from 0000

* By inputting a fixed number to B, we can control the duty cycle at output
of A<B

O, OUtput

B=0 B=4 B=15 “ “ L
4712 15 1
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= INPUTING TO THE COMPARATOR
.

p s The input to the B value of 74HCS5 is done by a dip switch to either
connect it to ground or power supply

8

| 7
| 6
L3

* Now you have a vague idea of the method to control pulse width
(which you will do in Lab#03)

s Itis time to put everything together

)
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+5V

1
9
7| cep 16 =
14
104 cer VCC o ]
o7 : Zhep Qo 4 10] 50 - S
7
13 12 ,l oP<Q) F—¥—>
74HC14 Q1 P1 6 \
3 12 13 I op-q —+—
<= po Q2 P2\ 5 1
\ oPF>Q P—+——
| GND 4 pq a3 (1 15 1 p3 AN S
= 5] py Se—o?
<& p3 T H5 91 Qo
11
GND 74HC161 Q1
+5V 8 14 Q2
1
I GND Q3
— +5V ———— 2
-
GND vee 8 3 ,, \\\ R 1(P<Q)
GND L7 \ 1(P=Q)
= \
= TRIG  DISCH [~ 2 ;’::1 ; ! ED% 8% 41 p>q)
2 7\
6 ; I' T T GND 74HC85
OUT  THRESH | i R ; s
— \ 4 54
. RST 2/3Vee |2 ‘\ L] /
0.1u N swi1 /
NE555 /
0.1u 0.1u —— S e GND
Sm——" 1k 1k 1k 1k =
GND — o o |
= GND

()

Dip switch to control the value
of 74HCS85 input
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*%

=% IHE TTL IC (7400 SERIES)

The most widely used series to
provide various functions to handle
digital pulses

Mainly developed by Texas
Instruments (T1) with many
compatible parts from AMD,
Fairchild, Intel, Intersil, etc.

Number with 74xx, 74Lxx, 74Hxx, 74Sxx, 74LSxx

Functionality can be easily found from the internet
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* You are going to construct the following circuit in Lab#04

+5V +5V
' +5V
7805 (to all ICs) 0.1u 0.1u
1 vin vout 2 7] LED L I
< GND I GND
o 16 = A 16 =
0.22u 2 —— e.1u 10k vee 7 TS Ve, T TS
1 wR y 10 \ N\
+5V &0 MR Po'y 4 7 \
* 2 pe [ _a2],, ) fo—F—>
GND 7] cen a3, | o= Sx 1 L_PWM
— 14 10] ., Soasl? 0(P>Q) PPx I'
NET o \
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GND 2 p1 Q3 2L PPy ]
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- ~ 21 ) 5
value O B sy S = 15| 0\ ot .
’ h
g RQN ~t*" \_ | ./ For Right Motor
/ L okey Dl 5T S—a-
I ) DD 7 Qey
|+ T 101
3 [ | 14 1
\ " (- - L%
\ T 3 * 97
\\ SW2 ,'
AN JR4 2] 1(P<Q)
Sem” ke <k <k <k EXl S
41 1(P>Q)
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GND | =

8
GND

w Department of Electronic and Computer Engineering, The Hong Kong University of Science & Technology



- LECTURE SUMMARY
- e

s Even though the circuit diagram is a bit complicated, the final circuit is
not that difficult to construct.

*» Be patient and work carefully, you will be able to get the circuit working.

s Arrange your breadboard nicely for the future labs.
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= NEXTLECTURE

+*

s+ Transistors and switches
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QUESTIONS?




