Actuators:
relays & motors
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* relays

— electromechanical

— electronic relay (SSR — Solis State Relay)
® Electric motors




Relays Single(Double)Pole

SPST —o o—

Single(Double;Triple) Throw
SPDT ——

o
ppsT T
DPDT +; CO - centre off/change over
———___  example
SPTT=SPCO
Relay

Relays




reed relay

Relays - types

Regular

Latching (bistable)
Polarized relay
Reed relay

— (mercury wetted)
Contactor

e o o o

Solid state relay
— transistor

— triac

— Thyristor

Other (safety switches, over current,




Relay - diagram symbol

DPST

=40 |3

Ohm'’s low for inductance

dl

U, =L

t dt U, =x,1, =1

L L~ la)C L

TIPS:
*higher voltage applied — faster changes of current
«fast changes in current — higher voltage induced
swhen current change ,slope direction” — voltage
change polarity:

*positive voltage applied — current increased

scurrent decreased — negative voltage induced
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Relay — spark discharge

High voltage can destroy transistor
and relay
and can be very dangerous !!!!

Switching on and off an inductor

protection diode;
flyback diode;
clamp diode;
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Switching on and off an inductor
- series resistor influance

O vee

Decreasing rise time
(off to on time)

?Vcc

R

A3\

11

1. Increase Vcc
2. add Rs to preserve Imax
DA I 3. result=> higher power

R dissipation




Driving relays and motors

o Vee>Uce

I<=1A

Driving relays and motors

Vee>Uee

i

74HC04

Darlington array ULN2004

LOGIC DIAGRAM
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http://focus.ti.com/lit/ds/symlink/uln2004a.pdf




Driving relay/motor
with MOSFET and IGBT

o Vee>Uce

—{ IGBT
..10-

300A...

Solid State Relays (SSR)
Solid State Contactor (SSC)

SSR of different types

can be used for AC driven mechanical relays

U= M4 10
G
2] 13

s 1 6
EN
2 0 4'
3 Hs4 3 [ [zcF—4

*Usually small

power but can
drive any type of
load (including
induction)

*AC and DC
applications

*Be carfull with inductive load — the load
can be not switched off !!!
*AC applications only




High power SSR

Load could be here
instead of lower location

A , 2 :l
Input h "
¥ 1000
o—e— /
1 120/240V ac
= /
Crossing e L
o3| [ Fea Triac or =R 0.1uf
Alternistor Neutral

Thiristor

Triac

MT2 MT1

AY




Thyristor V/I characteristic

On-state
Et?:l‘-:::d — Characteristic
I 4
Reverse Lo Forward
voltage H “oitags
Eeaatcions Reverse Oftstate
region — _
Reverse
current
Triac
V2
MT2+ MT2+
e G+
MT1 . MT1
1 e
Ve
- +
3 3
MT2- MT2-
ﬁ; G- ﬁ* G+
i MT1
Triac characteristic
Forward | o
n-state
current ol
T2+
| L
Reverse | Forward
voitage H ~» Voltage
- L \
| Off-state
T2-
Reverse QUADRANT
¥ current s
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Important parameters:

gate current Igr
latch current I,
holding current I

*Uncontrolled triac switching:

* Noise in the gate circuit (filter and shunt the gate)

+ Exceeding dV¢o\/dt (during switching off of the
inductive load — snubber)

+ Exceeding dlcoy/dt (unexpected current shutdown —
uH inductance without saturation)

*  Momentary exceeding of dVp/dt (without permanent
exceeding of Vpgy — network filtering; MOV)

RC snubber

5}
S
o
i
g
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=3 Nomogram tordeternining the R and G vaiuss
=7 ina RG el (t standard dmensioning according
o toHamin)

et o e v e [= Vo RC snubber
g e oot e s ghond ] >30V - over contacts
=
o

- Protection elements:
= scapacitive load
o «chock

*NTC,
* *PTC( in series)
N «induction load
H -surge arrester
a svaristor
R stransil

Motors

-y
\
Synchronous | \\ o
\ PMDC ’
5 brushed
\
= | Seape | susies | wl

resolvers

Squirrel Pemanent Spit ‘Synchronous}
e spit phase luctance
SBpacior
Wound Capactor Shaded Sutched
olor stan pole eluctance
Sypchos Capacitor Variable.
o reluctance

Electric motors

* ACmotors
— squirrel cage (3 phase, 1 phase -shade pole, cpacitor, split phase)
— synchronous
¢ DC motors
— Permanent magnet DC
— Universal motors
o series
« shunt
« compound wound
* BrushLess DC (BLDC)
— 2 phase
~ 3phase
* Stepper motors
— reluctance
— permanent magnet
~ hybrid
¢ Linear (Voice Coil Motor — VCM)




(split-phase capaciton)|
(34)

M
high starting torque

[Rotation slips from frequency

|Stationary Power Tools

Type Advantages Disadvantages [Typical Application Typical Diive
[AC nduction Least expensive
ed Pole) Long e [Rotation slps from frequency |¢,g diffculttocontrol
Low starting torque
51) lowpower
(AC Induciion fedium power lAppliances

Uni/Poly-phase AC

[ac
Squirrel cage
3ph (40)

High power

[Rotation slips from frequency

industry! hp.mashines

inverter frequency
[Vector controll (frlcurrent)

Bushed DC
(41)

Low inital cost
Simple speed control

Maintenance (brushes)
Medium lifespan

[Treadmill exercisers
lautomative motors (seats,
lblowers, windows)

Direct DC or PW M

BLDC
(49)

Long fiespan
low maintenance
High efficiency

High iniial cost
Requires a controller

[Hard drives
(CDIDVD players
llectric vehicles

DC switching, Pwm

Universal motor
(61)

High starting torque,
compact, high speed

Maintenance (brushes)
Medium lifespan

[Portable tools Grid powered |Uni-phase AC or Direct DC

Stepper DC 1phi2ph
(66)

Precision positioning
[High holding torque

High inital cost
[Requires a controller

IPositioning in printers and
floppy drives

DC switching

industrial motors.

Rotation n-sync with freq -
IAC Synchronous cks
hence no iip More expensive UnifPoly-phase AC
(62) long-ife |Audio tumtables
rype [Advantages [Disagvantages [Typical Appication [Typical Drive
IAC Induction Loast xpensive otation s rom frequenc
|(Shaded Pole) Long life ow siarimg toraue " IFans difficult tocontrol
(31) lowpower arting torat
[AC Induction Medium power |Appliances

[(spit-phase capacitor}
(34)

) high starting torque

[Rotation slips from frequency

s
Stationary Power Tools

Uni/Poly-phase AC

[AC
[Sauirrel cage
[30h (40)

High power

[Rotation slips from frequency

industry! hp.mashines

inverter frequency
[Vector controll (frlcurrent)

Brushed DC
(41)

Low initial cost
Simple speed control

[Maintenance (brushes)
[Medium lifespan

[Treadmill exercisers
lautomotive motors (seas,
blowers, windows)

Direct DC or PW 1

eLoc
(49)

Long lifespan
low maintenance
High efficiency

IHigh initial cost
[Requires a controller

Hard drives
CDIDVD players
[electric vehicles

DC switching, Pwm

Universal motor
61)

[High starting torque,
|compact, high speed

[Maintenance (brushes)
[Medium lifespan

Portable tools Grid powered |Uni-phase AC or Direct DC

[Steoper DC 1phizoh
66)

Precision positioning
High holding torque:

IHigh initial cost
[Requires a controller

Positioning in printers and
loppy drives

DC switching

Rotation in-sync with freq -

industrial motors
Clocks

e Moro oxponsive Clocks s UniPoly-phase AC
long-life. |tape drives
Shaded pole induction motor
Main Pole
advantages

*Very cheap and

reliable

*Extremely rugged in nature
Easy to construct

disadvantages

Low starting torque

Low efficiency

13



Shaded pole induction
motor

Capacitor Run
Permanent Split Capacitor(PSD Motor)

@m
AC

14



Induction Motor control
by means of slip control

Torque

Full-

load

Speed

Induction Motor cc z-

2i02w | BYTSIK

Load

Ry
30k

J

A D,

/é’ﬁa
fl e

g

U2008B

Squirrel cage
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Squirrel cage — drivig inverter

vd

Sb+ 1 Scr
K7
b 1 [Se-

,%

Fig1 A Three Phase Inverter Circuit

Inverter
IRAMS10UP60A
by International Rectifier

orc
sse
(acTvECow)

Three Phase BV — ~—0
[T BN N

on
o2

" TomiSgraiopu s [[2— 003
g Speed st D, o

RS485
Communication

Braking Resisio:

AV

A0l

Votage Type 0- 1V

Curent Type 0-20m&

High Speed

Puise Ouput




la by lg pola wirnika

Clarke Park
Iy s lg Skladowa momentu obrotowego
. >
la=la lg=lacos @ +Igsin ©@
13=0.577 (Ia+ 2lp) 1g=1a 605 © + Iy sin @

Braking resistor

J = Inmotor +Jroaa inertial
momentum

:]wB(wB — wg)

PB ¢ Braking power
VZ
R = be Resistor
Py

Pres = 1.30 * (PB_PInv) Resistor power

17



= 1m =
o —P
- - P

Scm @ 15cm 15cm

Class 1 Class 2 Class 3 Class 4

ANTTERRTTTTETTTRRTETRIRERRRRRRRRRRARNNASEN] PEC

The cables from adjustable speed inverter drives to
their motors may be specified by the drive
manufacturers to have 600mm or more spacing from
any other parallel run of cable (drives are perhaps
the noisiest devices on the planet!).

Figure from: Tim Williams, ,EMC for Product Designers”, Fifth edition,
=

2047
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IType |Advantages Disadvantages [Typical Application [Typical Drive

lAC induction Least expensive otaton sips from
|(Shaded Pole) Long life otation slips from frequency |g,ng |difficult tocontrol
Low starting torque
1) lowpower
[AC industion
; Medium power |Appliances

[Rotation slips from frequency Uni/Poly-phase AC

high starting torque

[ty stationary Power Tools

c
Swineicsge g power Rotaion sips from requoncy [ncusy mpmashines [ foaverey
[3ph (40)
erushed oc Low i cost e e W I
(o Simpio sposa coniol |Wedum espan -
owers. windows)
o Cong fespan erd arves
BLOC low maintenance. High iniial cost |CDIDVD players DC switching, Pwm
1(49) Requires a controller
High efficiency |electric vehicles
Universal motor High starting torque, Maintenance (brushes) y
&= i saring oraue, —— [Maitenanco o Porabe tocis i powerea|Un-phase AC orDiect DC
Sieooer O tphoh [Prcisonposiioning [igh il cost Postioing n pinters and [0
(66) High holding torque Requires a controller loppy drives 9

Rotation in-sync with freq -
hence no slip More expensive
long-life

industial motors.
IAC Synchronous (Clocks
82) UnilPoly-phase AC

|Audio tumtables
tape drives.

DC motors
PMDC - Permanent Magnet DC

High starting torque,
compact,

high speed,

easy to controll,
cheap

Maintenance (brushes)
Medium lifetime,

Noisy

EMI emission

DC motors
PMDC — Permanent Magnet DC - control circuit

PMDC
E=const

E+(Rs+R))I

R, Rl

R Ril

19



Direction controll - H bridge

Vce
TIPS:

BJT, MOSFET, IGBT transistors can be
used,

diodes cunduct self inductance currents

current limit
or control

i

oFF __l | OFF

orr i | or

slow decay

H bridge operation 2

20



o
-« to high side driver
supplay N,

JW\F‘P

DC motors
PMDC — Permanent Magnet DC -ironless (coil and disc) -pancake

TIP:
very little momentum — fast start

itpihww dosignworidoiine com/AricieDetals aspx7d=197
3

rype [Advantages pisadvantages Typical Application Typical Diive
JAc nduction Least expensive
ded Pole) Long ife [Rotation slps from frequency |¢ang aiffculttocontrol
Low starting torque
51) lowpower
[AC nduction IMedium power |Appliances.
T Rolation sips from requency [SPPT%S, | [unifPolyphase AC
Iac Inverter frequency
Squirel cage High power Rotaton sips rom frequency | ndustyl hp.masnines (DYt Foaveney
J3ph (40)
N [Treadmill exercisers

Brushed oG Low inital cost Waintenance (brushes) oot o tects, - [Direct G or Uit
@) [Simple speed control Medium lfespan s windons,

[Cong espan Hard drives
o low maintenance High Il cost er COIDVD players IDC switching, Pwm
§ g effciency . electic vehicles
Universal motor _[High starting torque, Waintenance (brushes) 3y
& A oo oo on [Portable tools Grid powered [Uni-phase AC or Direct DC
Stepper DC 1phi2ph  [Precision positioning High nitial cost Positoning inpriners ang [
66) [High holding torque Requires a controller [floppy drives 9

industrial motors
X [Rotation in-sync wilh freq -

JAC Synchronous ~ [Fvaion 1Sy More expensive Clocks (UnifPoly-phase AC
(82) |Audio turables

[onorlfe tape arives

21



TA8420/21 BLDC 2 phase driver

Rsc
310k ﬁ*
)
B e |vec
(TABa20AR)
THERMAL
"o shur Down | | V2228V MIN
(1asaz1an L
K
na
O sus
conTRoL
e

0.6
i
—




LB1864 2 phase BLDC driver

3 phase BLDC

23



BLDC

BLDC — bipolar driving - triangle

Y .
J
T

24



JJ

+Vce

B s, 3
2.3 3 g
feys 5 02 09 % g
5 i385 e b & z -
ans
e
o
s war
o e
i B B2 g §3 3 3z o
: iE gy
free [ rsasvaniges T
IAC nducton Least expensive o s from o
iz et olaon s fom foquony e it oconol
(31 [lowpower -ow starting torque
jaC. n [Medium power | Appliances
|isplit-phase capacitor)| fum " an il -
e e Rotaon sips o requency  [A7BICSs L |uniolyprase AC
Inc Inverter frequency
oo care ign power Rotaon sips o requency sty hpmashines [(erer fedueney

lBrushed DC
(41)

[Low iniial cost
[Simple speed control

Maintenance (brushes)
Medium lifespan

[Treadmill exercisers
lautomotive motors (seats,
blowers, windows)

IDirect DC or PWM

[Long filespan
low maintenance
[High efficiency

igh iniial cost
Requires a controller

Hard drives
CDIDVD players
[electric vehicles

IDC switching, Pwm

[Universal motor
(61)

High starting torque,
[compact, high speed

Maintenance (brushes)
Medium lifespan

[Portable tools Grid powered

Uni-phase AC or Direct DC

IStepper DC 1phizph
(66)

[Precision positioning
[High holding torque

High inital cost
Requires a controller

Positioning in printers and
floppy drives

IDC switching

[Rotation in-sync with freq -
Ihence no siip
long-ife:

More expensive

industrial motors
Clocks

|Audio turntables
tape drives

|UnifPoly-phase AC
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Permanent magnet replaced by electromagnet —
universal motor

L 1
e
| I

series shunt motor

compound motor
motor differential compound m.

Torque vs. speed

speed
differential
1 S
series
compoun
0 d
0 1 torque

Universal motor — driver / controller

Tips:

1. voltage controlled

2. direction can be changed
by switching stator or
rotor winding

3. the example shown is
the most simple

26



Universal motor — driver/controller
more sophisticated example

(o) 3 | 3 2w )
B0 i
tj: e
5 b=
S e

From Motorola materials.
{now ON
IType. Advantages Disadvantages [Typical Application [Typical Drive

IAC Induction

Least expensive

[Rotation slips from frequency

(split-phase capacitor)

(34)

igh starting torque.

Rotation slips from frequency

|stationary Power Tools

(Shaded Pole) Long lfe Fans aificult tocontrol
& oo Low starting torque
duct [Medium power [Appliances

UnilPoly-phase AC

IAC
Squirrel cage
3ph (40)

High power

[Rotation slips from frequency

industry! hp.mashines

inverter frequenc,
[Vector controll (fricurrent)

Brushed DC
(41)

Low inital cost
Simple speed control

Maintenance (brushes)
Medium lifespan

[Treadmill exercisers
lautomotive motors (seats.
lblowers, windows)

Direct DC or PW 1

5L D
(49)

Long fiespan
low maintenance
High efficiency

High iniial cost
Requires a controller

[Hard rives
(CDIDVD players
jelectric vehicles

DC switching, Pwm

Universal molor
1)

[High starting torque,
compact, high speed

Waintenance (brushes)
Medium lifespan

[Portable tools Grid powered

Uni-phase AC or Direct DC

Stepper DC 1phizph
(66)

Precision positioning
High holding torque

High initial cost
Requires a controller

Positioning in printers and
floppy drives

DC switching

[Rotation in-sync with freq -

industial motors.

Stator

o2 "o hence nosip More expensive ks mtables Uni/Poly-phase AC
long-ife ives
Clock motor

27



stepper motors- bi/uni-polar

bipolar winding

H bridge needed unipolar winding

single swich

(2 phase) steppper motor internal
conections

g @ 4 wires \ §
(bipolar only)

m 6 wires

@ 8 wires %

handicaped/
/unipolar)

(bipolar
(bipolar/unipolar)

5 wires
(unipolar only) _w—‘

.
=

L
I3
Irl
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Steppper motor — reluctance motor

Le
2

Permanent magnet motor
wave driving

Wave drive

. \Hl_‘ — 74'.,7.‘_171'_‘,*
O W
.2

ssons n Elecric Gicuits, Volume I - AC By Tony R Kishalt, Siih Ediion, kst update July
2007

Permanent magnet motor
full step driving

ossons In Electc Crcus, Volume 11 - AG By Tony R. Kuphalct, Shih Edtio, last pdate Juy

r
25,2007
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Permanent magnet motor
half step driving

Half step

I Eiciric Gruts, Voume Il - AC By Tony R. Kupnald, Sih Edtion, last update Jy

Unipolar motor

Full/microstep o — e
driving

Ladr

i
t

cow >

Hybrid motor

1,3,5,7 — phase
A

2,4,6,8 - phase

Step=——°>—
P N, N

teeth phases
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LMD18245 3A, 55V DMOS Full-Bridge
Motor Driver — National Instrument

LMD1824%
applicatio

31



TMC246

Conrol & isgnosie

Currnt Controlled
"Gt Dvers

DRV8811

Tl

ype [Advantages Disadvantages Typical Application [rypical Drive
IAC Induction Least expensive
Shaded Pole) lLong [Rotation slips from frequency g, lificult tocontrol
Low starting torque
1) lowpower
- [Medium power |Appliances
- o e o e [Rotaion sips rom frequency  [SPPTS0S, o [unifPolyphase AC
[ac Inverter frequency
S co0e IHigh power [Rotaion sips rom frequency  [Incustry hpmashines  \verer Fodomiey
[Treadmill exercisers
Brushed DC |Low initial cost IMaintenance (brushes)
1) |Simple speed control IMedium lifespan |automotive motors (seats, |Direct DC or PWM

blowers, windows)

[Long fiespan

Hard drives

L DC igh iital cost
e low maintenance e ler COIDVD players IDC switching, Pwm

igh effciency electrc vehiclos
Univorsal molor _[High starting torque, [Maintenance (orushes) y
& ey Mninee o Portable tools Grid powered [Uni-phase AC or Direct DC
Stepper DC. 1phi2ph  [Precision positioning igh iital cost Positoning inpriners ang [
(66) [High holding torque IRequires a controller [floppy drives 9

industrial motors

Rotation in-sync with freq -
lAC Synchronous locks
5 ronce ol IMore expensive ok o UnifPoly-phase AC

ngi tape crives
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Synchronous motor

Lessons In Elctic Crculs, Volume 11 - AG By Tony R. Kuphalct, S Edion, last pdate July
252007

Multipole synchronous motor

¥

The inductionf or self
starting

and the bar magnet as
synchronous motor

33



Synchronous motor

34



hronous motor
drive of microwave

35



VCM
Voice Coil Motor

VCM motors (actuators)
(hard disk head, laser positioner in CD)

Linear motor

36



[iyve [rcvantages Disadvantages [rypical Appication [rypical Drve
duction Loast expensive
(Shaded o) Long ife fotal\:w:‘ shpi from frequency [ gifficult tocontrol
&5 ons e ow staring torque
IAG nducion
i edium power [npptiances
e T Rotaion sips o requency  [ISSS L [uniolyprase AC
Inverter requency
Sauirel cage igh power [Rotation ips from requency |ndustry hp.mastines Y o
[3ph (40) [Vector controll (fricurrent)
N reaamil erercisers
rushed o Low niial cost Vaintenance (brusnes) L et s, [oect 06 or st
(41) |Simple speed control Medium lifespan BwM
blowers, windows)
- [Cong fespan Hard arves
BLOC llow maintenance High iniial cost CDIDVD players IDC switching, Pwm
I(49) Requires a controller
igh offionc eloctic vehicles
lUniversal motor [High starting torque, [Maintenance (brushes) y
i sarng loraue, Melnerarce n Portable tools Grid powered [uni-phase AC or Diect DC
Stepper OC 1phvzpn [Precison positoning igh ntie cost Positoning i piners and [
66) [High holding torque Requires a controller Ifloppy drives switching
T Ty — st motors
3 pencerosi Vors expensive Clocks s Unioly-shase AC
ong o ’
ape drives
Summary
* Electromechanical relays
* SSR
* AC motors
— squirrel cage (3 phase, shade pole, capacitor, split phase)
— synchronous
e DC motors

— Permanent magnet DC
— Universal motors

Brushless DC (BLDC)
Step motors
Linear (Voice Coil Motor — VCM)

Sample test question:

1. Explain the role of the protective diode (flyback diode, clamping
diode) in the case of an inductive load.

Name the types of solid state relays

Match the appropriate motor to its characteristics and application.

w N




