Lecture 8: Motor Control by Transistor and H-bridge
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Basic electronics:
WKk1: Basic Electronics -
Charge/Current/Voltage/Resistor
Wk2: Energy/Power and DC Sources

Motor Power Supply:
WKk3: Pulse Signal and PWM Control
Wk4: Transistor and H-Bridge
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»* LAST LECTURE
ﬂ >%
4 < NPN and PNP transistors and |<
their equivalent circuit B B
¢ Calculating diode current by

E

assuming it is either a battery or

an open circuit 1 1
C

+» Transistors can be used as a
switch or an amplifier
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= SPECIFICATION OF BJT CHARACTERISTICS

Output characteristics Output characteristics
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= SWITCH VERSUS AMPLIFIER

.

¢ Consider an AC signal input to an amplifier with different gain

Vee o Vee

GND GND

Amplification Switching

*» For large input signal, an amplifier becomes a switch

s Many applications like audio and sensor signal processing require a
transistor to operate in the amplification mode
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- EXAMPLE OF BJT CIRCUIT
e

. < When the switch is open, there is no 5V
collector current

% When the switch is closed, a small N 170Q2
current flows into the base of the

transistor, which is just enough to 10kO § lc

make the LED B glow dimly

s The transistor amplifies this small v
current to allow a large current to flow LEDB ¥ Iy

V7
from its collector to its emitter that ~
makes LED C to light brightly I
» Question: what is the maximum ——
possible collector current? B
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IMUM AND ACTUAL COLLECTOR

,', CURRENT

5V — 0.7V

I ~
Cmax 1700,
= 25mA
I~ Vin — 0.7V IC = :BIB = 0.4mA
57 1.08M0
with V, =5V 0.4mA < 25mA, | is possible
5V — 0.7V

B 1.08MQ -
= 4uA
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- AT HIGH BASE CURRENT
- e

; 5V —-0.7V
170Q | ‘max T 1700
= 25mA
A 7 LED C
_VYin — Y. I = [l = 43mA
's ~ " Tokn Vo
with V=5V 43mA > 25mA, NOT possible
5V —-0.7V
B~ 10k0) The transistor is saturated (fully on)
_ The transistor behaviors as a
= 0.43mA switch (off/on)
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T H-BRIDGE CIRCUIT (SWITCHES)

: < \ A

*» Itis a simple circuit that lets you control a motor to go
backward or forward.

Vcc
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*» The motor spins either backward or forward, depending on
how you connect its positive (+) and negative (-) terminals.

% Close S2 and S3 (one direction) % Close S1 and S4 (opposite direction)
Vcc Vcc
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»* H-BRIDGE OPERATION SUMMARY

I_’S-O’

¢ Build H-bridge with four transistors.

Transistors | Q4 (PNP) Q3 (NPN) Q2 (PNP) Q1 (NPN)
Command | Va Vb Vc Vd
Forward |5V 5V OV (GND) |0V (GND)
Reverse |0V (GND) [0V (GND) |5V 5V

E
Va 4D]]}—B© PT%IP]
[¥

Vb (L,

+2.2 to +3.6 VDC

R4
1 k2
(BnBkRd)

e

G

'

1 m
{BnBkRd)

r —$

R3
1 k2
(BnBkRd) ¢

(PN) G

M1
DC Brush

N

R1
1 kO
¢ (BnBkRd)
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* H-BRIDGE CIRCUIT (TRANSISTORS)

% It is the circuit to control both the motor +12V

" direction and speed l
Connect to either 5V or OV Inverter |\|
DIR (Direction —4—D0—0—|<
( ) N

*» Use a direction (DIR) pin to
control the switches

iy
B .'\ N oL,
e = 3
] =

Ul

PWM
“‘Enable the power”
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»* H-BRIDGE IC - L293B

1_5-0’

Inverter

* To simplify your task without using transistors, you may use
the H-bridge IC L293B in your lab and project

+12v +5V
0.1uF .
For Right Motor
For Left Motor GND |
= w2y Inverter
9 /
I En_12 vee 28 2
L—DlR 21N 1 IN 4 |22 80<1 El
2Jour 1  out_a P 74HC14
o 41 anp anp 22 /
GND: T > { anp GND |2 T :GND __| GND
¢ B «2lour 2 our_3 ik ==
5 6 7 10
yij IN_2 IN 3
:7 o ) IS P R DIR
ND L293
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INVERTER- 74HC14

" s 74HC14 is the Schmitt-Trigger Inverter you used in Lab#03.

s There are six inverters inside the package and they are independent
to each other.

* You may choose whichever is available and convenient according to
your breadboard layout.

Vee
14f |13 8

L;f.__l |_>1]i__l 5|J_>L__I [4HC14 Inverter
e=liie= r>F
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= LECTURE SUMMARY

.

s Atransistor can work in the switch mode or amplification mode

s A switch mode happens when the input current is very high that
saturates the transistor

+2.2 to #9.6 VDC

% Transistors can be used . : .
to construct a H-Bridge to —[mJ—E@) e ()03 o1 () engs CHHIID
drive a motor oo f B
{BnBkRd) (BnBkRd)
()
R3 oC Brush R
{Br:BkIfE{d] c c {Br?lBk:I;d}
M) (PN GD b4 b2 GD e (@B (11N
I
GND
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= NEXTLECTURE

.

+» Kirchhoff's Current Law

*» Kirchhoff's Voltage Law
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QUESTIONS?




