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o Control code Mechanical
Sensing signal l Command Signal  components

|

snsors [y Microprooessor :l> ap 0 Lp

Microcontroller

Actuator
Parameter, variables Actuation

PLANT @ IZE] %

(Robot, Autonomous Guided vehicle, Numerical Controlled Machine,
Vehicle engines, Consumer products, Conveyor systems, Assembly systems,
Cranes, Defense equipments, Air craft engines, Other machines,
consumer products, etc)

Physically, a mechatronic system is composed of four prime
components. They are sensors, actuators, controllersand
mechanical components. Figure shows a schematic diagram of a
mechatronic system integrated with all the above components.
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Electrical Actuation

e Switching devices
— Mechanical switches

« Keyboards, limit switches,
switches

— Relays
— Solid-state switches
» Diodes, thyristors, Triacs
transistors, MOSFET
e Solenoids e
— Starter solenoid, pneumatic L. . =

or hydraulic valve uhenical SEGP

Aistomired Fradacis &

Mamifacturing Copabilities
* Drive systems evlesion Suaioes
— D.C., A.C., Or Stepper MOtol s« i s
— Usually under specific
control element e.g position ,

torque, or speed control
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Relays-1

Relays are electrically operated switches

In which changing a current

In one electric circuit switches a current on or off

In the shown circuit when the solenoid is energized
produced, which attracts the iron armature, moves the p

In another ci

rcuit.

, @ magnetic field is

result: closes the normally open contact and open the normall

contact

Relays are normally used
In the control circuit
together with transistor
circuit to increase current
from microcontroller
system.

Diodes are used to protect
against back voltage
generated in the coil circuit
during switching

Figure 9.1 (@) A relay, (b) a driver circuit

ush rod and in

y closed

Armature

[

Coil

Sets of
contacts

Il Pl
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1IN4001 A

1N4148

(b)
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Relays In control system Example-1

-When start switch is closed, solenoid A and B will

both A and B extending (A+, B+)

be energized, thus in

--switches a+ and b+ are then closed, the closure of a+ energized relay
coil 1 which in turn operates relay contact 1, thus co Il C is energized and
result in extending of C (C+)

- extension of C operates switch c+ and thus operates c oils A- and B-
and retraction of cylinder A and B start

Operation of
switch a-
energizes Relay
coil 2 and thus
operates contact
2 which allow
cylinder C to
retract...etc

i . i+ E_ E’L ct
| ':T ':T | |:T |:T | | .J
g E ¢
/ et I I N
"Ix J v [ T "& l v | T ?TX l v /| T
A %é $ A= B+ éyé %7 B- ~| C+ %é) % -
Relay contacts 1
|
i)( itoa:/ Relay coil 2 Relay coil 1 Relay contacts 2
| |
+V =

Figure 9.2 Relay-controlled system
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Solid state switches: Diodes

Unidirectional uncontrolled switch used to rectify or
permit current flow in one direction

I A

Cathode

Forward
biased

Reverse

biased

Breakdown Y

(a)

>
V

V

0

1
0

N N

V),

Y

\

>
t

A

(b)

t

Figure 9.3 (@) Diode characteristic, (b) half-wave rectification
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Solid state switches: Thyristor

Unidirectional controlled switch used to control the f

of currents by controlling the gate circuit

e Linearly proportional POWER
o Gate controls when current flows
« Commonly used in heating control and motor speed

control

I
A lto2V

—_— ] |

Anode (Cathode

—»—

a(/;—-———_'-—
0

(a)

(Gate current
2 mA 0

)

Z— >
s

Y Forward breakdown

Figure 9.4 (@) Thyristor characteristic, (b) thyristor circuit
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Solid state switches: Triacs

Triac is similar to the thyristor and equivalentto a p air of thyristors
connected in reverse parallel on the same chip

A
!# (Gate current
/ | 1 mA 0
(zate
V 0
- — ’
0 V
~
0 1 mA
(Fate current
Y

Figure 9.5 Triac characteristic
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Solid state switches: Triacs & thyristors

The figures shows types of effect that occurs when a
sinusoidal alternating voltage is applied across a thyristor
and across a triac. Forward breakdown occurs whenv  oltage

reaches the breakdown value and then the voltage ar  oss the
device remains low

VoA VoA

! \ \ ;
(a) (b)

Figure 9.6 Voltage control: (a) thyristor, (b) triac
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Solid state switches: Triacs & thyristors

The circuit shows how these elements can be used to control
the flow of dc power through a load in a form of chopper circuit

(L VA
) V"ﬁ" _____ 1T D
(Gate ‘

~

Figure 9.7 Thyristor d.c. control
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A A
En Thyristor §
= triggered £
= =
3 = U \I‘ime
5 3
Y Y
6() Thyristor g
triggered —»1 | 5 5 R
at 90° 2 ; 0 »
8 Time
—_ C
(a) (b)

Figure 9.8 (@) Phase control, (b) snubber circuit
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Solid state switches: BJT Transistors

Current Amplifier, Gain on order of 50-100, On-off, Like diodes,
current flows only one direction
Darlington pair — higher gain, higher current

\ Saturation

Collector Emitter / A
Base Base <,
current current Increased
—_— -
values of
Base Base base
current
Emitter Collector
npn pnp
(a)
Vur A
Vee
o—
Vin V.
Tlcss than 0.7V cc
T O
0 V.
(d) n (e)

Figure 9.9 (@) Transistor symbols, (b), (c), (d), (e) trafiSiStor St * Fivon © Pearson Education Limied 2008
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Motor Control Example
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Solid state switches: BJT Transistors

Darlington connections to increase drive current

+V

Protection

diode Load

Buffer
transistor
O 9
Base Base
P ower current current
transistor —_— -
(a) (b) (c)

Figure 9.10 (@) Switching a load, (b) and (c) Darlington pairs
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Solid state switches: BJT Transistors

BJT is implemented by base currents and higher frequencies of switching
are possible than with thyristors. The power handling capability is less than
that of thyristor

o 12V
The circuit shows
how a buffer might o)
be US_ed when Output Buffer Base current
transistor c of ~
. = " r
switching is used por >
micro-
to control a dc processor
motor by on/off

switching

—  Free- Motor

a wheeling
diode

. Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
Figure 9.11 Control of d.c. motor
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Solid state switches: MOSFET

Here no current flows into the gate to exercise the control,
the gate voltage is the controlling signal. Thus drive circuitry
can be simplified, e.g. no need to concerned about the size of

the current
' 12V
Drain
— Level
With MOSFET, I Output shifter ’J
higher frequency Gate 1L port of
switching is Source micro-
possible, upto 1 M “ processor
a
Hz level voltage -
Source
| Free-wheeling A\ Motor
P diode
Gate 1L
Drain 1
(b) (c)

Figure 9.12 MOSFETS: (a) n-channel, (b) p-channel, (c) used to control a d.c. motor
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Drive systems

Stator Drive actuators are essentially
Electr o-mechanical actuators, are
used to efficiently convert
electrical energy into mechanical
energy.

Magnetic poles

Magnetism is basis of their princi plesof operation. They use
permanent magnets and/or electromagnets, and exploit the
electromagnetic phenomenon in order to produce the actuation.
Electromechanical actuatorsare DC, AC and stepper motors.
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Electrica Energy/Power Energy transducer
(Motor)

::> Mechanica Energy/Power

A

Self-excited field energy

Mechanical Energy/Power Energy transducer
(Generator)

::> Electrical Energy/Power

A DC motor convertsthe electrical energy to mechanical
energy. Thetorqueisproduced duetoinput current. In reverse
situation, the tor que, which isequivalent to mechanical energy,
can produce current that isequivalent to electrical energy. This
reverse processisutilized for the design of DC generator.
Figure-7.4 illustrates schematic diagram of typical DC motor

and DC generator.
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Basics of DC Motor

Rotor Field Armature
/w coil
Field pole Field pole
N S
Stator
Current Armature
conductors
Field
Split-ring commutator pole
(a) (b)

Figure 9.13 D.C. motor: (a) basics, (b) with two sets of poles
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coil

Armature

Armature
coil

Field coil

Types of DC Motor

Armature

Field coil

Field coil

Field coil

Armature
coil

Torque

(c)

Compound

Rotational speed

(e)

Figure 9.15 D.C. motors: (a) series-wound motor, (b) shunt-wound motor, (c)
compound motor, (d) separately excited motor, (e) torque—speed characteristics
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Control of brush-type dc Motor

The speed of the dc motor depends on the current through the armature coil

=K, Ey=Kla 4

Electronically controlled

high-frequency switch

to chop the D.C. >
o o

Time

D ainining

Time

Supply
voltage

-

Chopped
voltage

voltage

)

(a) (b)

Figure 9.16 PWM: (@) principles of PWM circuit, (b) varying the armature voltage
by chopping the d.c. voltage
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Control of brush-type dc Motor

-Two direction control of
DC motor

-direction and speed
control of dc motor (with
additional logic circuit)

V+

Constant

Transistor switch

\TZ

supply (f)
voltage

(@

For forward: high
o—4
For reverse: low

For forward: low
O

For reverse: high

= -
(b
V+ _ _ _
Forward/reverse
c —
& &
Ijg
—
Chopper signal & &
O
= - - -

(©

Figure 9.17 (@) Basic transistor circuit, (b) H-circuit, (c) H-circuit with logic gates
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Control of brush-type dc Motor

Digital Analogue Output:
- speed
3|  Micro > DAC »|  Amplifier > Motor >
processor
ADC < Tacho-
Digital generator
Analogue
@
Digital Analogue Qutput:
. speed
——|  Micro- > DAC »>|  Amplifier > Motor >
processor
Code Encoder
Digital converter
Digital
(b)
Digital Pulses OQutput:
— | Micro- _ PWM Drive _ spefd
> R T > Motor >
processor circult circuit
Code Encoder
Digital converter
Digital
(©

Figure 9.18 Speed control with feedback
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AN —

End rings connecting the ends of
all the conductors to give the

Stator

Rotor conductors giving the squirrel cage

Pole

circuits in which currents are induced

Stator Rotor

Pole

End view of
squirrel cage

Rotor

Stator

()

Figure 9.20 (@) Single-phase induction motor, (b) three-phase induction motor,

(c) three-phase synchronous motor
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Three-phase
A.C.

D.C.

_}._
_)...

Converter

Variable
frequency
A.C.

Inverter

Figure 9.21 Variable speed a.c. motor
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Servomotors

Sometimes called control motors, are electric
motors that are specially designed and built for
use in feedback control system as output
actuators.

Ratings: fractional of watts to several 100 watts

Normally operate at low or zero speed

Used in robots, radar, computers, tracking and
guidance systems and in process control.
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DC Servomotors

 They are separately excited DC motors or PMDC

 The armature Is designed to have large resistances 0
that the torque speed characteristics are linearan  d
have a large negative slope.

e A step change in armature voltage results in a quick
change in position or speed of the rotor.

Lines for different

values of V/

0 >

Rotational speed
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AC Servomotors

 Most ac servomotors in control systems are of
the two-phase squirrel cage IM

e Operating frequency normally 60 or 400Hz higher
frequency is preferred In airborne system.

* A two phase ac servomotor is shown below:

Control
phase
High rotor
° High-resistance resistance
+ 90
Vafdal cage rotor
Low rotor
resistance \
Reference | |
hase
Vm f{}" P ~Wen
Speed
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The stator has two distributed windings displaced 90 electrical degrees apart.
One winding, called the reference or fixed phase is connected to a constant-
voltage source, V,, /=0°. The other winding, called the control phase, s
supplied with a variable voltage of the same frequency as the reference
phase but is phase-displaced by 90 electrical degrees. The control phase
voltage is usually supplied from a servo amplifier. The direction of rotation

Depends on the sign of the phase shift angle

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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Application: Radar Position Control

Two potentiometers are used as position transducers. The reference poten-
fiometer generates a voltage E,.; depending on the desired position command
4.¢. The second potentiometer coupled to the shaft of the servomotor pro-
duces a voltage E proportional to the output shaft position 6. The ditference
in the two voltages, E.... (= E,s — E), is therefore proportional to the position
srror 0. — 6. This error is fed to a servo amplifier, which generates the
necessary voltage V, for the control phase winding of the servomotor to
reduce the position error to zero.

+V

o x H
S é—j @ /,

m fOO n Limited 2008
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Analysis of ac servomotors

Consider the servo system shown in Fig. 8.4. The input variable is the control
phase voltage V, and the output variable is either position 6 or speed .
Most loads are a combination of inertia J;, and viscous friction F;.

The torque—speed characteristics of the unbalanced two-phase motor
shown in Fig. 8.2b are assumed to be linear and equally spaced for equal
increments of the control phase voltage. The motor torque can be written as

T =K.V, — Fho, (8.1)

where K, is the motor torque constant in N - m/volt

F.. is the motor viscous friction in N - m/radian/sec

Note that F,, is just the slope of the torque-speed curves at constant control
phase voltage V,. Also, K,, is the change in torque per unit change in control
phase voltage at constant speed.

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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Analysis of ac servomotors

The equation of motion of the servomotor driving the load is

d 11
T =KV, — Fatn= T+ J1) ; + From (8.2)

where J; is the load inertia

J., is the motor inertia

If ¢ is the angular position of the load

df .
7 = @m I8 the speed of the system
V, Load | 4. F|_
y
w.,

\AM/—l FIGURE 8.4 Servo system using a two-
O Vin phase motor.
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AC servomotor Example:

iquation 8.2 can also be written as

de d*o do

) 3
KmVa Fm df (Jm JL) dtz JFL df (8 3)
Equations 8.2 and 8.3 can also be written as

dwp,

KnVa = (Ju + ) =22 + (Fo + Fi) o (84)
d?*o de

— - + Fp) = 5
KmVa (Jm+-}'L) df (Fm FL) df (8 3)

Note that the negative slope (Fy,) of the torque—speed characteristic of the

motor corresponds to viscous friction and therefore provides damping fos
the system.

Taking the Laplace transforms of Egs. 8.4 and 8.5,
wn(s) Kn/F

V) e G
6(s)  K./F
V.(s) s(l+s7y) o

where F = F, + Fy
J=J L +J ot
+ = J/F is the mechanical time constant of the drive system

ol )n Education Limited 2008
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Va @
A A K,
v DT
- [ —p |
0 ¢
(a) (b)
6
A
KmV
Slope 7
-~
e
= ¢
0

(c)

FIGURE 8.6 Step response in a two-phase servo system. (a) Step change
in V,. (b) Response in speed. (¢) Response in position.
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The corresponding time tunction is

KV
Wn(?) = (L —&%) (8.8)
The steady-state speed is
K.V
on(®) =1 (8.9)
From Eq. 8.7
os) = K./F 'V
(s) = s(l +57,) 5

K,V K,V N K. V1,
~ Fs? Fs F(s + 1/7,)

The corresponding time function is

K.V KaVr, KV,
t— +
F F F

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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AC servomotor Example:1

EXAMPLE 8.1

A two-phase servomotor has rated voltage applied to its reference phase
winding. The torque—speed characteristic of the motor with V, = 115V, 60
Hz applied to its control phase winding is shown in Fig. E8.1. The moment
of inertia of the motor and load is 107° kg - m?, and the viscous friction of
the load is negligible (Fig. 8.4).

(a) Obtain the transfer function between shaft position 6 and control voli-
age V,.

(b) Obtain an expression for the shaft position due to the application of
a step voltage V, = 115 V to the control phase winding.

0.2

Torque N.m

3000 rpm ”
Speed FIGURE 8.1

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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AC servomotor Example:1

Solution
T 0.2 -
(2) Ky = V. o 115 ‘ e 0.00174 N - m/V
T 0.2
= = = 0. N - m/rad/
F. o | v consam 3000 X 277/60 0.0006366 m/rad/sec

F=F,+F =F,+0=F,

J=10"kg - m*
7 10-5
—_— = o | 4 =3
T F = 0.0006366 15.71 X 107 sec
K. 000174
F  0.0006366 —n

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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AC servomotor Example:1

From Eq. 8.7

0(s) _ 2.733
V.(s) s(1+0.01571s)
b) V() = 115
¥~2733>< 115 = 314.3
K.V
F Tl

From Eq. 8.10
6(t) = 314.3t — 4.94 + 4.94¢ 100157
= 314.3¢

Bolton, Mechatronics PowerPoints, 4t Edition,

© Pearson

Education Limited 2008
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AC servomotor Example:

EXAMPLE 8.2

For the position control system shown in Fig. 8.7, let the potentiometer
transducers give a voltage of 1 volt per radian of position. The transfer
function of the servo amplifier is G(s) = 10(1 + 0.01571s)/(7 + s). Assume
that the initial angular position of the radar is zero. The transfer function

between the motor control phase voltage V, and radar position 0 is M(s) =
2.733/s(1 + 0.01571s).

(a) Derive the transfer function of the system.

(b) For a step change in the command angle of 180° (= 7 radians), find
the time response of the angular position of the antenna.

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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AC servomotor Example:

Solution

(a) The block diagram is shown in Fig. E8.2a. This can be simplified to
the block diagram shown in Fig. E8.2b. From Fig. E8.2b

gs) = 27336+ 7)) 27.33
Bels) 1+2733/s(s+7) s>+ T7s+27.33
G(s) M(s)
o | o Bera®) | 100 + 0015719 | 2.733 b
7+ s s(I + 0.01571s)
| |
(a)
)
A
Dls) 4 733 Bls) b | 233 i b — —f — A — S =
(%) sts+7) ‘ 24+ 5+ 2133 1
fi(s)
(b) (c) > t (sec)

(d)

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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AC servomotor Example:

This equation represents a second-order system. The corresponding
block diagram is shown in Fig. E8.2¢c.

(b) 6rci'(5) = E
S
271.33 T
0= T 7s + 2733 s
27.33

~ TS+ 7s + 27.33)

2
= Gy

==gF
s(s? + 2&w,s + w?)

where w, = V27.33 = 5.228 rad/sec

7 7 3
S TwaR
The time response is
B—fmni‘
O(t) =m |:1 — ————gin(w, V1 — &1t +cos™ .f)]
Vol g

=q[1 — 1.347e¢7>% sin(3.88¢ + 48°)] radian

The position response is shown in Fig. E8.2d. Limited 2008
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Stepper Motor

A stepper motor rotates by specific number of

degrees In response to an input electrical pulse.
Typical step size are 2 9, 2.50,50, 7.50 and 15° for each
electical pulse

It IS electromechanical iIncreamental actuator that
can convert digital pulses into analog output shaft
motion.

In normal situation No position sensor or feedback IS
required to make the output response

Typical applications: printers, tape and disk drive S,
machine tools, process control, X-Y recorders or
motion, and robotics

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008



Stepper Motor

Stepper motors have been built to follow
signals as rapid as 1200 pulses per
second with power ratings up to several
horsepower

Types of Stepper motor:
1- Variable reluctance:
a- single stack
b- multistack
2- Permanent magnet type
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Variable Reluctance Stepper Motor

 Single stack Stepper Motor

A basic of 4 phase — 2 pole,
single stack stepper motor is
shown

This pair of poles energised by
current being switched to them
and rotor rotates to next position

This pair of poles energised
by current being switched
to them to give next step

When the stator phases are excited with dc current in proper sequence
the resultant airgap field steps around and the rotor fol lows the axis of
the airgap field by virtue of reluctance torque. This re luctance torque is
generated because of the tendency of the ferromagnetic rotor to align

itself along the direction of the resultant magnetic field

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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Single stack Stepper Motor

e Figures show the mode of operation for 45° step in the clockwise
direction. The windings are energized in the sequence A, A+B, B,
B+C, and so forth

 The direction of rotation can be reversed by reversing the sequence
of switching the windings, that is A, A+D, D, D+C, etc

Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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Single stack Stepper I\/Iotor

e |n order to obtain
smaller step sizes,
multipole rotor
construction Is
used.

* Figure shows four
phase, six pole
stepper motor

When phase A is excited pole P1 is aligned with the axis of phase A, next
phase A+B is excited, the resultant field axis move s in the clockwise
direction by 45 9and pole P2, nearest to this new resultant field ax  isis
pulled to align with it. The motor therefore steps in the anticlockwise
direction by 15 ©.

So, if the windings are energized in the sequence A, A+B, B, B+C, etc, the
rotor rotates in step of 15 2in anticlckwise direction

SEtp Slze: 360 / (NO - Of phases X no Of rOtO I‘Bo‘;g,%lzmatro)ics PowerPoints, 4" Edition, © Pearson Education Limited 2008
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Multistack Stepper Motor

 They are widely used to give smaller step sizes

« The motor is divided along its axial length into

magnetically isolated sections (“stacks”), and each
of these sections can be excited by separate windin

“phase”

 Three-phase arrangements are most common, but
motors with up to seven stacks and phases are

available.

Longitudinal
Cross section of a
three-stack
variable
reluctance
stepper motor

C
———1—Stator
q ) c )
b — —— — -—————r E———.q
Stack | [ “Stack | “Stack |
A B C

rotor rotor rotor

_____ L —

| —— Stator
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Multistack Stepper Motor

O—
Phase A

. 360
Sepszid NxRotoiTeett il
i1

When stack A is energized, L\ & laliB L ] Ll g
the rotor and stator teeth in i li_l_—i_f_\_ﬂ T
stack A are aligned but those e L_fj i |
in stacks B and C are not [ N O s i P R
Next if excitation is changed { e | i li_JJ = i S 1 L
to B, the stator and rotor ot |
teeth in stack B are aligned, L e
this is made possible by a FIGURE 8.20 Teeth position in a four-pole, three-

¢ tin th stack, variable-reluctance stepper motor. (a) Phase A
rotor movement in the excited. Rotor and stator teeth are aligned. (b) Devel-

clockwise direction. oped diagram for rotor and stator teeth for phase A ex-

citation.
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Permanent Magnet Stepper Motor

It has a stator construction similar to that of the single —stack variable
reluctance type, but the rotor is made of permanent magnet material.

* Figure shows two pole permanent magnet stepper motor.

* The rotor poles align with two stator teeth (or poles) according to the winding
excitation

* The current polarity is imoprtant in the pm stepper motor.

=
PM two-phase stepper motor with 90°steps. (a), (b), (© (@

(c) and (d) show the positions of the magnet rotor

as the CO'IS are energlsed |n dlfferent dlrectlons Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008




Hybrid Stepper Motor

Hybrid stepper motors are also commercially available in which the rotor
has an axial permanent magnet at the middle and ferromagnetic teeth at
the outer sections as shown in Fig. 8.22. Smaller step sizes can be obtained
from these motors, but they are more expensive than the variable-reluctance-

fype stepper motors.
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Stepper motor control: Drive circuit

When a two phase motor have 4 connecting wires for

signals to generate the required signals, it termed
Figure 9.26 (@) Bipolar motor, (b) H-circuit

bipolar motor

V+
r i
| |-
Phase A Phase B =
(a) (b)
. Transistors
Transistors
Step 1 and 4 2and 3 5and § 6 and 7
Step 1 and 4 2and3 5and 8§ 6and 7
1 On Off On Off
2 On Off Off Off
| On Off On Off i 8?{ 82 8g 8ﬂ
2 On Off Off On 5 Off On Off On
3 Off On Off On 6 off On Off Off
7 Off On On Off
4 Off On On Off 8 Off Off On Off

Switching sequence for full-stepping bipolar stepper
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Stepper motor control: Drive circuit

When a two phase motor have 6 connecting wires for
signals to generate the required signals, it termed
bipolar motor, they can be switched with just 4

transistor
Transistors F|gure 927 UhipOIar motor
Step 1 2 3 4 r
1 On Off On Off
2 On Off Off On
3 Off On Off On
4 Off On On Off —e —@
Switching sequence for full-stepping unipolar stepper
Transistors Phase A Phase B
Step 1 2 3 4
1 On Off On Off ¢
2 On Off Off Off
3 On Off Off On
4 Off Ooff Off On
5 Off On Off On
6 Off On Off Off
7 Off On On off 1 2 3 4
8 Off Off On Off

SW|tCh|ng Sequence for Half'StepS for Unip0|ar Stepper Bolton, Mechatronics PowerPoints, 4t Edition, © Pearson Education Limited 2008
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Analysis of Stepper Motor Drives
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FIGURE 8.24 One phase of a bipolar drive circuit.
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EXAMPLE 8.3

A three-phase variable-reluctance stepper motor has the following param-
eters:

R, = 10
L, =30mH, average phase winding inductance
I =3A, rated winding current

Design a simple unipolar drive circuit such that the electrical time constant
is 2 msec at phase turn-on and 1 msec at turnoff. The stepping rate is 300
steps per second.

Solution

The turn-on time constant

R
7 =
o Rw + -Rext

Rw—{_R{:xI:B_zO‘_: ]SQ

Rw=15—-1=140
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This resistance must be able to dissipate the power lost when rated current
flows through the phase winding continuously, namely

Pooe = 32 X 14 = 126 W
The required dc supply voltage, from Eq. 8.27, is
V.=3%X15=45V

The turnoff time constant

L
B Rw + Rext g5 Rf
Rw +Rext +Rf:$: 30 ()

R;=30—-15=150Q
Energy stored in the phase winding at turnoff = 3L./[°
=3 X 30 X 1072 X 32J
= 0.135J
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This energy is dissipated in R; R.:, and R,,. Since R; = R + R, (= 15 0
the energy dissipated in R;is 0.0675 J.

Stepping rate = 300 steps/sec
Number of turnoffs in each phase = 100
Average power dissipated in R; = 100 X 0.0675 W = 6.75 W

When the transistor conducts, the reverse voltage across the diode D: is
V, = 45 V. The peak current of the freewheeling diode is 3A, which is ths

phase winding current at the instant the transistor turns off.
From Eq. 8.28,

VCEIfmax) == 45 =} 3 X 15 = 90 V

Current rating of the transistor is 3 A.
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