Actuators .

relays & motors
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Outline

* relays
— mechanical
— electronic relay (SSR)

 Electric motors

Relays
SPST  —o o .
Single(Double)Pole
SPDT ——_ Single(Double;Triple)Throw
46/07
ppST T T
DPDT —
——___ CO - centre off/change over
example
SPTT=SPCO
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Relays - types

¢ Regular
* Latching (bistable)
* Polarized relay
* Reed relay

— (mercury wetted)
¢ Contactor
* Solid state relay

— transistor
— triac
— thyristor
¢ Other (safety switches, over current,......)
ﬂ L =
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Relay - diagram symbol

DPST oPST

4\ E %&%&




in English
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Ohm’s low for inductance

dl

U, =L
L dt U, =x,1,=11,
TIPS:
*higher voltage applied — faster changes of current
fast changes in current — higher voltage induced
*when current change ,slope direction” — voltage change
polarity:
*positive voltage applied — current increased
ecurrent decreased — negative voltage induced
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protection diode;
flyback diode;
clamp diode;

Switching on and off an inductor

in English
: A

VectUo

-Up
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Uce
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U VectUp+U;
¢ VerU
Ul
VCC
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Switching on and off an inductor

- series resistor influance

!
Vee L
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Decreasing rise time
(off to on time)

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

R dissipation
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Decreasing rise time with current limit

Vee>Uwmnom ? -
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comparator
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Driving relays and motors

o Vee>Uce

I<=1A

Ma
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Driving relays and motors

Vee>Uce

R
o Vee>Uce

BDX...
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Darlington array ULN2004

LOGIC DIAGRAM
.
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http://focus.ti.com/lit/ds/symlink/uln2004a. pdf
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Driving relay/motor
with MOSFET and IGBT

Vee>Ucc

]

Ucc
? R
o MOSFET
5 BUZ. —{ 1GBT
1 IRF..... .10-300A...
= 1-30A...
E . Y -
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Solid State Relays (SSR)
Solid State Contactor (SSC)

er pr mmesin En

aster programmes in English
: -
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SSR of different types

can be used for AC driven mechanical relays

"~ ay 10 16 1|]}\\é 6
}Dg o il O P4
20 - 3] n4 30 [14

<Be carfull with inductive load - the load can
be not switched off !!!

*Usually small power
but can drive any

type of load
(including induction) +AC applications only
*ACand DC
applications
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High power SSR

Load could be here
instead of lower location

100 Q

120/240V ac

Crossing

Circuit R 0.1

Neutral

Wroctaw University of Technology
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Master programmes in English
iV f

E RC snubber

<30V - other load
. . L
o conml e hape s ek rening >30V - over contacts

voltage (U) as a paramee. Draw a sraight Ine

% Nomogram for determiing he A and G values
% inaAC net (at standard dimensioning according
s toHaminy

TTTTm

B

s 88

2 of intersection it the right axs gives the
resistance (R) value.

T T TTTTIT

Protection elements:
ecapacitive load

echock
*NTC,
*PTC( in series)
or venee 0000, man gt Y » *induction load
3 Exampe b) shows hat 12023 A and U =
S 01300V gues C 00065 yF and A= 1500, | *surge arrester
oo E e evaristor
oos E . ;
oot E . *transil
o L
Com :
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RC snubber

>

o (4) N =k

Cp
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Universal

wave Brushiess. Reluctance.

Sine |

Sepper |

Squirel Pemnanent Spit
cage split phase
capacitor
Wound Capacitor Shaded om
rotor start pole reluctance
Synchros Capacit Variabl Synchr
y apacitor ariable ynchronous Hybrid

Master programmes in English
of s ®
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Electric motors

* ACmotors
— squirrel cage (3 phase, 1 phase -shade pole, cpacitor, split phase)
— synchronous
¢ DCmotors
— Permanent magnet DC
— Universal motors
. series
« shunt
* compound wound
¢ BrushLess DC (BLDC)
— 2 phase
— 3 phase
* Stepper motors
— reluctance
— permanent magnet
— hybrid

« Linear (Voice Coil Motor — VCM)

aster prog
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‘Type |Advantages Disadvantages Typical Application Typical Drive

Least expensive Rotationslips from frequency

Shaded Pole Long e e Fans difficutt tocontrol

31) lowpower 'gtorq

IAC Induction nopliances

434‘} ps from requency  |GPRENSS, e Toqis  |UniPoly-phase AC

Sainelcase g pover Fotatonsis fom raquancy sty pmashines [(eer ey

soh (40) one psfrom requency VP Vectorcontrol (rcuren)
Treadmillexercisers

Brushed DC Low initial cost

il Simple spesd control Medium ifospan automotive motors (seats, [ Direct DG or PWM

blowers, windows)
Long liespan Hard drives
BLDC low maintenance High inital cost CD/DVD players DG switching, Pwm

“9) High efficiency
L i
61) ?o?:v‘pacx high speed Medium lfespan Portable tools Grid powered| Uni-phase AC or Direct DC.
|Stepper DC 1ph/2ph | Precision positioning High initial cost Positioning in printersand | ¢ i
(66) High holding torque Requires a controller floppy drives. g

Rotation in-sync with freq - Industrial motors
& UnifPoly-phase AC
2 ong-life Audio turntables

© tape drives

10
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[Type Advantages Disadvantages [Typical Appiication [Typical Drive
[AC Induction Least expensive otationsiips fom frequenc
(Shaded Pole) Long life. on S‘anm"mr e AUeNSY I Eans (difficult tocontrol
(31) lowpower 'gtorq
[AC Induction rpplances
(sl e e Rotationsips from fequency  (SPRITCSS, - [uniPoly-phase A
AC inverter frequency
Saunacage High power Rotationsips from frequency  [Industry/hp.mashines ~ \vererfeduerey
Treadmill exercisers
et Low nitial cost Maintenance (brushes) rometivo mortrs (ssets, |Dirsct DGor PWM
bloviers, vindows)
Long lfespan Hard drives.
% low maintenance oSt oler CD/DVD players DC switching, Pwm
High efficiency d Jelectric vehicles
Unversalmolor | High ;
61) compact, high speed Mediumlfespan riable tools Grid Phase AC or Direct DO
Stepper DC 1ph/2ph |Precision positioning igh iitial cost Positoningin printersand [
(66) High holding torque Requires a controller oppy drives 9
Industrial motors
AOSunehvonous |[OERIANNINIAT | ensive Clocks Uni/Poly-phase AC
(82) nonce noslip e [Audio tuntables ol
v tape drives
g B

Shaded pole induction motor

Main Pole

advantages

*Very cheap and reliable
*Extremely rugged in nature
*Easy to construct
disadvantages

sLow starting torque

*Low efficiency

i shan capra |/ P e

Measter p

Wroctaw University of Technology vylUe

Shaded pole
induction
motor

i HUMAN CAPITAL Wi
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Capacitor Run
Permanent Split Capacitor(PSD Motor)

@m

AC

5% Y
‘% Wroctaw University of Technology at

Induction Motor control
by means of slip control

Torque

Full-load

Speed

12
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M

Induction Motor control by means of slip control

230V~ 20w | BYTSIK

vave oad]
Clent
{ o] detochor
Softstart

. ]om:,m w

Ldad current
‘compansation

i o caeaL
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Measter programme:

in English

Squirrel cage — drivig inverter

Sa+ Sb+ Sc+

8 R T e
vd
Sa- Sb- Sc-

<IN <

1]

A B c

Fig | A Three Phase Inverter Circust

£

Progranned Harooric it of Pt sod Seomth amoeics

i s capAL
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Measter programm
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Inverter

IRAMS10UP60A
by International Rectifier

CuRRENT SENSDIG AN Ut &

oriveric

L

L&—an

Master programmes in English
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‘Type Advantages Disadvantages Typical Application Typical Drive
AC Induction Least expensive
(Shaded Pole Long ife otatlon shbs irom 1eQUeNeY | ans difficult tocontrol
(31) lowpower gtora
[AS noucton Medium pover |Appliances
spi b frequency |G UniPoly-phase AC
& tor tationary Power Tools
[AC inverter frequency
?gx\(z%l’cage High power Rotationsips flom frequency  [Industry/hp.mashines  [(uete PR Y
- Treadmill exercisers.
pasieant, Low initial cost Maintenance (brushes) automotivemetors (sects, |Direct DG or W
) ¥ blowers, windows)
Long ifespan ah it Hard drives
Lo owrnonanee ahinlcost ooV gyers oG swaing Pum
High efficiency q lelectric vehicles
Universal motor High N
(61) compact, high speed Medium fospan able tools Grid powered|Uni-phase AC or Direct DC.
Stepper DC 1phi2ph- [Precision positioning High iitial cost Positioning in printers and | < uichin
(66) High holding torque Requires a controller floppy drives 9

Rotationin-syncwith freq - Industrial motors

IAC Synchronous Clocks
3 rence ol More expensive e tables UnifPoly-phase AC
v tape drives

i o caeaL

Measter programm
Wroctaw University of Technology  +\wrociaw Uni il

DC motors
PMDC - Permanent Magnet DC

High starting torque,
compact,

high speed,

easy to controll,
cheap

Maintenance (brushes)
Medium lifetime,
Noisy

EMI emission

i HUMAN CAPITAL Wi
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DC motors

PMDC - Permanent Magnet DC - control circuit

PMDC T

Rs T Rsl
] T R/

E+(Rs+R)I

e} TIPS:
BJT, MOSFET, IGBT transistors can be used,
diodes cunduct self inductance currents

current limit
or control

Mast
of Technology

Wroctaw Universi

Vee Vce

[ OFF orf | [ OFF

[ on orf | [ oFF

% slow decay

it ity o i <o [
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? drive ? slow decay

i s capAL

aster programmes in English

Bootstrapping

Vcee

1o high side driver

S

roclaw University of Technology

DC motors

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

TIP:
very little momentum — fast start

et fune designwordoniingcom/ ArticeDerals aspr7de1973

g rooneem =
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|
Type |Advantages Disadvantages Typical Application Typical Drive
(Sassiran o Rotalonslpe Tom (U1 |y it toconirol
131) lowpower
ACI\nducﬂcn I noplances e
34) pe AUENCY | Stationary Power Tools. nifPoly-phase.

Brushed DC
(41)

Low inital cost
Simple speed control

Maintenance (brushes)
Mediumifespan

Treadmillexercisers
automotive motors (seats,
blowers, windows)

Direct DC or PWM

Long lifespan

Hard drives

o low maintenance ot er CO/DVD players DC switching, Pam
igh offciency q electric vehicles
[ Figh §
& A Naonineetor Portable tools Grid powered|Uni-phase AC or Direct DG

|Stepper DC 1ph/2ph
(66)

Precision positioning
High holding torque

High inital cost
Requires a controller

Positioning in printers and
floppy drives

DG switching

lac

[Rotationin-sync with freq -

e2)

ong-ife

Industrial motors.

Audio turntables
tape drives

Uni/Poly-phase AG

5 s capAL

i o caeaL

ogrammes in Englis

r

5 s capAL
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TA8420/21 BLDC 2 phase driver

Rsc

2]
91060 ﬁ‘
a '
FG Rsc Vee OUTA
(TA8420AF) o
[THERMAL Vz =28V MIN.
[SHUT DOWN z ouTs

INA

Y

CONTROL
Sfne

suB

EAl I 7 %\f % o

G ©

carour

@g Measter progl
Wroctaw University of Technology o

3 phase BLDC

18
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BLDC

7
J% i3 Jﬁ 5 Jﬁ 5
Jﬁ iy Jél iy Ja iy

’ oA
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Jq a

Jq i Jq n

&

glzx Ja iy

A _
l
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[rvee [Acvantages Disadvantages Typical Application Typical Drive
IAC Induction Loast expensive
Shaded Pole) Long life Fotationslips rom feQuency | gang difficult tocontrol
31) lowpower 'gtorq
[AC Induction roniances
e psvomaency [y pnasenc
Squrlcage | pover Rotaionsips rom fequency _[Industy/p.masrines | T Foquency
an(a0) o ps from freaency s Vecor contol(icurrent
Troadmil exercisers

Brushed DC Low inital cost Maintenance (brushes)
Brushed DG automotive motors (seats, | Direct DG or PWM
@) Simple speed control Medium ifespan oo o

Long lfespan Hard drives
o low maintenance High inital cost CD/DVD players DC switching, Pm

High efficiency
Universalmolor _[High starting torque, Maintenance (brushes) ; SR -
o e, e o Portable tools Grid powered| Uni-phase AC o Direct DC
Stepper DC 1ph/2ph [Precision positioning High inital cost Positioning in pinters and

DC switching

(66) igh holding torque Requires a controller ioppy crives

Rotation n-syncwith freq - Industrial motors
AC Clod Uni/Poly-phase AC
€2) rencen Audio tuntables

i tape drives.

oo Uity of gy

i s capAL

Master programmes in English

%@ Wroctaw University of Te

Permanent magnet replaced by
electromagnet — universal motor
! T T

hnology

! l l

series motor
shunt motor
compound motor

differential compound m.

i o

es in Englli

g‘g Wroctaw University of Technology

Master programm
a roc =

Torque vs. speed

speed
differential

1

shunt

series

compound

0
0 1 torque

i s capAL
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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

i s capAL

i

Z

s ‘rj]r o - - :
] ;ri
P : : LM -1
(N ) S )
5 L.

From Motorola materials
(now ON Semiconductor)

i MU CAPTAL

=
Universal motor — driver/controller
more sophisticated example

’529 Wroclaw University of Technology

Master programmes in Englis
at v olo g

of T¢

[rvee [Advantages Disadvantages Typical Application Typical Drive
e iii;‘ﬁ:‘”"m ﬁ::f:;’::g?;;g?!eqwmy Fans difficult tocontrol

a1) lowpover

(oo from fre Appliances Uni/Poly-phase AC

& s fom f16GUENCY | gyationary Power Tools | Un/POY-Phase

. 1o fomi ndustty/ho.mashi Inverter frequency
Sqrscage High povier Rotatonsips fom frequency  [Industry/hp.mashines ~[Vietertetesney

Brushed DC
(41)

Low inital cost
Simple speed control

Mediumifespan

Treadmillexercisers
automotive motors (seats,
blowers, windows)

Direct DC or PWM

Long liespan Hard drives
o low maintenance Highinital cost CD/DVD players DG switching, Pwm

High efficiency

Figh }
6 compact, igh speed Medium fospan Portable tools Grid powered| Uni-phase AC or Direct DC.

|Stepper DG 1phi2ph
(66)

Precision positioning
High holding torque

High inital cost
Requires a controller

Positioning in printers and
floppy drives

DG switching

[Rotationin-sync with freq -

Industrial motors.

a Clocl
2 ong-ife Audio turntables. UnifPoly-phase AG
o tape drives

i s capAL

i i
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Silnik napgdu zegarkéw (Quartz)

Stator

Nroctaw University of Technology

stepper motors- bi/uni-polar

EONIRHO

T T

bipolar winding
H bridge needed

i o caeaL

unipolar winding
single swich

Wroctaw University of Technology

(2 phase) steppper motor internal
conections
@ 4 wires @
(bipolar only)
6 wires
(bipolar handicaped/
/unipolar)
@ 8 wires @ @

(bipolar/unipolar)

5 wires
(unipolar only)

it ity o i <o [
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Unipolar/Bipolar stepper motor
driving

o

Measter pro

at Wro

of Technology

Permanent magnet motor
wave driving

24



Permanent magnet motor
full step driving

Lessons InElectric Circuits, Volume 1| - AC By Tony &, Kuphale, ith dition, lst updte Juy 25, 2007

g rooneem

Permanent magnet motor
half step driving

1o+ o+

Half step

Volume Il AC By Tany . Kuphalt,Sisth Ediion, st updte July

ter progra

4
"g‘p Wroctaw University of Technology

sin English

Unipolar motor

Full/microstep ~_—___ —mm
driving

25



Hybrid motor

1,3,5,7 — phase A
2,4,6,8 —phase B

Step =
P N,

teeth phases

360deg

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

2

5% Y
‘% Wroctaw University of Technology at

LMD18245
application

LMD18245

i sy ca
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74104 - BIPOLAR STEPPER MOTOR DRIVER (2008) - CIRCUITBOARD SCHEMATIC - WITH BASIC CONTROLS P
SaniommPABLY . .

i +
& . : T
@
”
4 -
2}
e d
—
3

I
TMC246

Wroctaw University of Technology

‘Gato Drvars

.v
;i‘
rem—

. i
A - H
o o[ o] é

Curront Contrlled |
Gt Divors.

Wroctaw University of Technology

DRV8811
T
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h

s
Type |Advantages Disadvantages [Typical Application Typical Drive
(Sadeipons  [longlie ostonsips o tecuerey | ot tocono
31) lowpower
Ac'mduc“c" from frex Appliances Uni/Poly-phase AC
5 ips AUeNcY | stationary Power Tools ni/Poly-phase
e o P o—
ﬁsﬁl(rzz\)cage igh power Rotationsips rom frequency  [Incustry/hp.mashines  (iaCo BEROY

Brushed DC
(41)

Low inital cost
Simple speed control

Maintenance (brushes)
Mediumlifespan

Treadmillexercisers
automotive motors (seats,
blowers, windows)

Direct DC or PWM

Long lifespan Hard drives
o low maintenance Highinital cost CD/DVD players DG switching, Pwm

High efficiency
[ High H
6 compact, high speed Medium fospan Portable tools Grid powered| Uni-phase AC or Direct DC.

|Stepper DC 1ph/2ph
(66)

Precision positioning
High holding torque

High inital cost
Requires a controller

Positioning in printers and
floppy drives

DG switching

lAC Synchronous
(82)

[Rotationin-sync with freq -

hence no siip
long-ife

More expensive

Industrial motors.
Clocks

Audio turntables
tape drives

Uni/Poly-phase AG

i s capAL

Volume Il AC By Tany . Kuphslt,Sith £

i o caeaL
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Measter programmes in English

ST

Multipole synchronous motor

g

The inductionf or self starting
and the bar magnet as
synchronous motor

g oo (9]
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Synchronous motor
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Synchronous motor

plat drive of microwave

‘%g Wroctaw University of Technology

VCM
Voice Coil Motor

aster programn
octaw University of Technology

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

| Sungund

31
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Wroctaw University of Technology

Summary

Electromechanical relays

SSR

AC motors

— squirrel cage (3 phase, shade pole, capacitor, split phase)
— synchronous

DC motors

— Permanent magnet DC

— Universal motors

Brushless DC (BLDC)

Step motors

Linear (Voice Coil Motor — VCM)

i o caeaL
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