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Chapter 20 Basics of Industrial
Motor Control
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Chapter 20

Starting, stopping, direction

Speed, Torque, Power | chapter 22/23
Size accordingly

Switches, breakers, Push Button, relays,
contactors (starters), fuses, OL, Lights
(annunciator), resistors, inductors, xfmrs,
capacitors.

Symbols in Table 20A
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Example 261

A 3 phase NEMA size 5 magnetic contactor
rated at 270A, 460V possesses a 120V, 60Hz
relay coil. The coll absorbs an apparent power
of 2970 VA and 212 VA, respectively, in the
open and closed contactor position. Calculate
a. The inrush exciting current

b. The normal sealed exciting current

c. The control power needed to actuate the
relay coill
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Chapter 20

Control Diagrams 1

Block Diagram 1 description of functions and
Interactions

One Line Diagram 1 More detall than block
diagram 1

Wiring Diagram 1 Detailed connection
Information in physical representation
Schematic diagram 1 Detailed connection
Information in logical sequence
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Chapter 20

Block Diagram of Combination Starter

pilot light
(motor running)

+

600 V fused i thermal
disconnecting - magnetic ——— overload e motor
3-phases switch contactor relay
A
pushbutton
station
start-stop
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Chapter 20

One Line Diagram

T
thermal
600 V overload
3-phase A relay
O oo o—[[____]]—-o—o——o—-l :
disconnecting fuse NO contact
switch
start S
pushbutton QT\) relay coil
5 |
JfEH PB2
—E ' pilot light
\stop
A pushbutton
auxiliary
contact
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Wiring Diagram

600 V 3-phase

Chapter 20
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Chapter 20

Schematic Diagram

s F A
1 L T
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Chapter 20
ATL start i Simple, Large inrush, Large Torque

Starter = Contactor + OL
Combination starter = Starter + Switch (or CB)
Purpose of OL vs Purpose of fuse?

: . . T
disconnecting switch contactor  thermal overload relay
LS 4 A I A

i

2 | 5 A :

O 0 No— 4)—-[]:_[}-0——0-«—0—-' : % 0 M
:
!
|
1

I

]

]

i

' i

3 N~ I 6 A iT3 c/
o Jl —o—{ ;
)

""""" |
s .
ot A, ¥ pitot light
control | I R
station 0
stop T---[reset pushbutton
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Chapter 20

Higher voltage starters i CPT 1 reduce control

voltage
Manual ATL starter vs Magnetic ATL starter?

Simplicity
Safety
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Chapter 20

OL curve'i

From cold condition

Reduce about 30% if from hot condition

Class 10T @ 6X PU, trips in 10 sec from cold
condition

Class 201 @ 6X PU, trips in 20 sec from cold
condition

Class 30T @ 6X PU, trips in 30 sec from cold
condition

NEC requirements, conductor size, fuse size,
etc
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Overload Curve
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Chapter 20

Inching / Jogging
Severe contact duty T make/break currents
Contactor oversized

stop _LStal't
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Chapter 20

Reversing T change 2 lines
Mechanical / electrical interlocks

E-stop example
1 L1 IAl T 11 A
2 disc:x;iﬁting }.2_ o_ﬁ_& T 12 B M
3 L3 O—IAI-‘*‘ T 13 ¢
B
—o—-{B
b
cam ”_0—
U Switch 4
\O*—@— forward
-—ﬁ——»—oo
pushbutton reverse
: —o o
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Chapter 20

Plugging 1 Stop Motor

— o
L2 disconnecting A
4 Ao

switch
A

- o oy

T2

T3
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Chapter 20

Zero Speed Switch 1
PM drags cup in direction of rotation

drag cup

drag cup
N bearing ] bearing
oV N |
S
C = . |
F R é E contact ¢
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Chapter 20

Reduced Voltage Starting (softstart)
Primary Resistance

Primary Reactance

Wye i Delta

Auto Xfmr

Partial winding start

Solid state

disconnecting
switch
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Chapter 20

Control circuit for primary resistance start
T typically on common return

Larger size contactors use circuit C for inrush
Torque Q voltage?

Ny 3
L1 stop start ’//-FN ) L

A\
(&)
RT
o—B)-
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Chapter 20 ;
Torque Q voltage? z SN
Current Q voltage 2 4 1]

» \
0

0 400 800 1200 16001800 r/min
— speed

——torque
N
N

0 400 800 1200 16001800 r/min
— speed
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Example 2eP

A 150 kW (200HP), 460V, 3 phase, 3520 rpm, 60 Hz

induction motor has a locked rotor torque of 600 Nm and

a locked rotor current of 1400 A. Three resistor are

connected in series with the line so as to reduce the

voltage across the motor to 0.65 pu. Calculate

a. The apparent power absorbed by the motor under
full voltage, locked rotor conditions

b. The apparent power absorbed y the motor when the
resistors are in the circuit.

c. The apparent power drawn from the line, with the
resistor in the circuit

d. The locked rotor torque developed by the motor
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Example 2€3

From Example 20-2, fi the locked rotor power
factor of the motor alone is 0.35, calculate the
value of the series resistor and the power they

dissipate.
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Auto Transformer Starter Chapter 20
For given Torque T lower line current

Open transition

Closed transition ; B
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Chapter 20

p.u.
Autotransformer start °
(3) vs primary R e
resistance start (2) I g
2 3 B B AN
A
0 \
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Example 24

A 200 HP (150 kW, 460V 3 phase, 3520 rpm,

60 Hz induction motor has a locked rotor

torque of 600 Nm and a locked rotor current of

1400 A (Same motor as example 20-2). Two

autotransformers connected in open delta and

having a 65% tap, are employed to provide

reduced voltage starting. Calculate

a. The apparent power absorbed by the motor

b. The apparent power supplied by the 460V
line

c. The current supplied by the 460V line

d. The locked rotor torque
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Chapter 20 A,

L1 O= —$ i';l O~ 7YY \____
Part winding
Starter A )
L2 O 4 l'} O Y Y
A 3
L3 O r J“l O Y Y]
I___{B 7
B 8
11 ~
— 1 O Y Y e
B
ll__.?)_r\fv\___l.
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Chapter 20

Wye delta starter
Start V=VII/ S3

Torque=T/3

SINGLE AND DUAL VOLTAGE
WYE-DELTA CONNECTIONS

1

4
5
3/6\2 35 4

SINGLE VOLTAGE

OPERATING MODE CONNECTION L1 L2 L3 JOIN
START WYE 1 2 3 48586
RUN DELTA 1,6 2,4 3,5
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Chapter 20 N
brake _
Drive (generator) motor
|
Fundamentals i quadrant 2 lg quadrant 1
4 quadrants of . I
operation - 0 .
More info In | eed
Chapters 20 - 22
, ;uadrants ' l quadrant 4
(motor) ~ generator
(brake)

Figure 20.36

Electric drives can operate in four distinct quadrants.
FIGURE MODIFIED FROM BOOK
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Chapter 20 *

brake
Motor i Generator - Brake \ ® ®
\ T
\ motor
_ QEnerator—}\ I 0 "
B \‘
generator + - >\ +
/éﬁ brake motor \ generator
_,"\Y’VT motor @ \\ @
\ @ I @ \\ brake
- \ 0 + \\g \
\\ —n - \
" @ @/, —_— i‘-‘igure 20.38
\ 1 —l; ke Typical torque-speed curve of a dc motor.
.
_ generator

Figure 20.37
Typical torque-speed curve of a squirrel-cage induc-
tion motor operating at fixed voitage and frequency.
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Chapter 20

Torque / speed curve AC induction machine

-l \ rated load
60 N-m, 1725 r/min

|
\
torque
L]
&
-l

2100[1800,1500|1200( 900 | 600 [ 300 | 0 |300 | 600 800 |1200{150011800!2100|2400(2700{3000|3300|3600; 3900
speed \ r/min

Figure 20.39 L
Torque-speed curve of a 15 hp, 460 V, 60 Hz, 3-phase, squirrel-cage induction motor.
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Chapter 20

Varying Volts and Hertz on AC machines

N-m 115V, 15 Hz 460 V,60 Hz 690 V, 90 Hz
: Wi \ /
! A1 A
= E e
@ <
L] 3 _78 - L :
—— 40 i
5750178601150011200] 900 | 600 | 300 | 0 | 300 | 600 | 900 |1200|1500]1800[2100|2400| 270013000} 3300]3600,3900 o
\ speed \ \ r/min
o | | | an
I \ \ 4T\ |~
180 \ A \ A pr
! ] W L —
120 ”
i \ ]
15 T
| f )y,
200

Figure 20.40 .
Torque-speed curve at three different frequencies and voltages.
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DC effect on Torque
speed curve
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——= torque
©
o
+
O O )

1200 600 600 1200 r/min
—— speed
80-
\ //
160+ \/

Figure 20.41
Stator excited by dc current.
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Examle 26b

A standard 3 phase, 10 HP, 575V, 1750 rpm,

60 Hz, NEMA class D squirrel cage induction

motor develops a torqgue of 110 Nm at a speed

of 1440 rpm. If the motor is excited at a

frequency of 25 Hz, calculate the following:

a. The required voltage to maintain the same
flux in the machine

b. The new speed at a torque of 110 Nm
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Chapter 20

Current vs Speed

N-m

A
160——
l motor

[ brake (60) [ |

P
(60)— A [ Ve T T T FTTTTT]
e Y ~generator (15) ~generator (60) ]

|
120 | - \
1 =< T
:%0. —1 ] A
= imotioa; (1 5)/— P

1T brake (15)=4

N ¥
torque

s

_———

- s'tatpr current

_i—-— I N S S
f | 1 5 115V, 15 Hz 460 V, 60 Hz
21 T T \ L3 Py pn '[ l l ,

| Lon 18[00 150011200 900 | 600 | 300 Lo 300 | 600 | 900 |1200]1500]1800]2100]2400| 2700]3000| 3300] 3600|3900
- [ | 40 450 | \ r/min
| | speed \

|
l | p=

f 120 »

L1 200 L NIA |

Figure 20.42
Current-speed curve at 60 Hz and 15 Hz. Also T-n curve at 460 V. R0 H7
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Example 266

Using the information revealed by the 60Hz
torque speed and current speed curves of
figure 20.42, calculate the voltage and
frequency required so that the machine will run
at 3200 rpm while developing a torque of 100
Nm. What is the corresponding stator current?
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Chapter 20

If freq changed

F 60hz -> 30 hz

Motor speed still
1650RPM

1727 31T 4

Final motor speed

750

Note slip still 150 RPM
for same torque
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N-m 230V,30Hz 460 V, 60 Hz
160 f f
E A \‘(
1207 = =T
C1004 ~1 {4 —-(1
— 18]t ,
S \ I\
1 \ A
40
\ l
I
600 [ 300 | 0 [300]600 | % 11200 1500]1800} r/min
\ \
0 ~ speed |\ !
\ |
80 \ i >
|
120 Y !
160 \ )g
200
Figure 20.44

Effect of suddenly changing the stator frequency.
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Chapter 21¢ Fundamental Elements
of Power Electronics (Part 1)
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Chapter 21

Power Electronics -> control of electric
machine parameters such as Torque, Speed,
Power.

Due to importance, deserves some study of
subject for EMD.
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Vee = L * difdt Chapter 24 _q/ct ic*dt

I C
M 7 u 8
L _:____’l \ -
. !
Figure 21.7 | Figure 21.8
Potential across an inductor. Potential across a capacitor.
Switch openi V,, K 0
—_— * . .
Ve =17 R Switch closed 1 V,, =0
F I 5 '
1 / 2
ﬁ)
Figure 21.6 Figtre 21.5 |
Potential across a resistor. Potential across a switch.
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Chapter 21 F=Q _/

rule 1

Diode Behavior <

Vak = 0 -> open ] /

Vak < O - Open 4'-1142\ K A —1 o— K rule 2
Vak > 0 -> short R

| > Ihold -> short B . BN )

| < lhold -> open A LB A K

PlV > (c; ruie 3
lav(max) -> max avg | qE")

T(max) -> max Temp s
Max di/dt (turnon)
Max dv/dt (turnoff) i

o
K A —/O—'K rule 4

(d) A
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Chapter 21

Resistive Battery Charger
I°R losses in resistor

| = E,/R |
Figure 21.11 .
a. Simple battery charger circuit.
b. Corresponding voltage and current waveforms.
D
10
T |
120 V 100 V
60 Hz %H (peak) ©______
- 60 V
——
(a) @
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Chapter 21

Inductive Battery Charger
Stored Energy example

Imax - A(+)/ L Figure 21.12
a. Battery charger using a series inductor.
b. Corresponding voltage and current waveforms.

A+, = dotted area between 7, and t, [V-s]
L = inductance [H]

r :
1zpv§H 100V O] i,
60 Hz | (peak) 60 Vj.:_

+
@ O
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Example 211

The coll below has an inductance of 3.3 mH and the
battery voltage is 60V. Calculate the peak current if

the line frequency is 60 Hz.

\'4
+100

60

UNIVERSITY OF
| | SOUTH FLORIDA
POLYTECHNIC

FTT T T

Q)
>2</ A

b+~ 19 squares

SN

/9" 3 jotote
| area=10V x 1/1440 s

h
o

Y \\‘
I NN

0.006 944 Vs
6.

944 mV:s
=1/1440 s\ "

-
N

©]
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Chapter 21

Single Phase Bridge Rectifier
2 pulse rectifier

Fripple = #pulse*fline

=2 *fline

Ripple = 2*f(line)

Ripplep-p = Epeak

Ed=09E Id=EdR=09E/R
Ed = dc voltage of single phase bridge rectifier (V)
E = effective value of ac line voltage (V)
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Chapter 21

Single phase rectifier

peak voltage = £y,

(a)
Figure 21.13

a. Single-phase bridge rectifier.

b. Voltage levels.
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Figure 21.13¢c
Voltage and current waveforms in load R.

Electric Machines and Drives

Thomas Blair, P.E.
(tom@thomasblairpe.com )




Example 212

The ac source In fig 21.13a has an effective
voltage of 120V, 60Hz. The load draws a dc
current of 20A. Calculate

a. The dc voltage across the load

b. The average dc current in each diode
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Chapter 21

Filters 1

L T constant current
Series w/ load

Line current square

peak voltage = Em

peak voltage = Em

wave @___@,__@
C T constant voltage
Parallel w/ load a (3) ®
Line current spike A" J‘?
a. Rectifier with ‘ l 17
. : . I|R|T-C
inductive filter R l}

b. Rectifier with cap | » .-
filter s, @ 8, (@ A,
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Chapter 21

LT constant current - Series
C 1T constant voltage - Parallel
Voltage and current waveforms in inductive filter

inductor absorbs energy

irg?::ég; X Ay /load cu rrr(]ent T
energy 1\ / ° "% Eg=09E

‘al Gy LN 2 12
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Chapter 21

Ripple in single phase rectifier with filter
Ripple = (5.5 P) / (f WI)

Ripple = peak to peak current as % of dc
current (%)

WI = dc energy stored in the smoothing
Inductor (J)

P = dc power drawn by the load (W)

f = frequency of the source
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Example 213

We wish to build a 135V, 20A dc power supply
using a single phase bridge rectifier and an
Inductive filter. The peak to peak current ripple
should be about 10%. If a 60 Hz ac source Is
available, calculate the following;

a. The effective value of the ac supply voltage
b. The energy stored in the inductor

c. The inductance of the inductor

d. The peak to peak current ripple
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3 phase, 3 pule

rectifier

UNIVERSITY OF
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Ein (peak) = £_

r Pp—rae®
@ Dzr i2
—Pp——
@ Da i3
I L
R ®@

Figure 21.16
Three-phase, 3-puise rectifier with inductive filter fed
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Chapter 21

3 pulses per cycle i Filter element L
Conduction period 360° / 3 pulses = 120° per pulse
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