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Relays
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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,......)




Relay - diagram symbol

DPST
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Ohm'’s low for inductance

dl

U, =L=
1

dt UL:XL]L:%IL
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
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tching on and off an inductor

s resistor influance
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Decreasing rise time
(off to on time)
?Vcc

R

A3\
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1. Increase Vcc

2. add Rs to preserve Imax

2= 3. result=> higher power
& dissipation




Driving relays and motors

o Vee>Uce

I<=1A

ing relays and motors
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Driving relay/motor
with MOSFET and IGBT

o Vee>Uce

1-30A...

? R1
O - MOSFET
> — BUZ... —{ IGBT
IRF..... ..10-300A...
pa— 1

Sterowanie NPN, PNP

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




SSR of different types

can be used for AC driven mechanical relays
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*Usually small power

a *Be carfull with inductive load — the load can
but can drive any

type of load Y be not switched off !!!

(including induction) *ACapplications only

*ACand DC

applications

High power SSR

Load could be here
instead of lower location

120/240V ac

Crossing

Circuit = 0.1uf

Neutral

BT136 data

Absolute maximum ratings

Parameter Symbel Value Unit Test condition

pesk repetitive off-stage voltage: Voru. Vagw 600 v

on-state RMS current IHRMS) 4 A TL<66°C

NON repetitive surge peak on-state current st 25 A Tp=20ms, Tj=25 °C

critical rate of rise on-state current dlict (Q15) 50 Als Ine204, Te=0.2A

peak gate current oy 2 A

average gate pawer dissipation Po(AV) 05 w

storage temperature range Tsig 40 to +150 °c

loperating junciion temperature range T 125 °c

Electrical characteristics { Tj=25°C) unless otherwise specified

Paramater Symbol Value Unit Test condition

igate trigger curent lor 210 mA T2+G+  Vg=12V, h=0.1A
=10 mA T2:G- Vo=12V, h=0.1A
<10 mA TG V=12V, h=0.1A
=25 mA T2G V12V, =014

\gata trigger voltage Var <15 v Vp=12V, h=0.1A

hoid current I =30 mA V=12V, 1=0.1A

criical rate of fise off-stale vollage auidt 250 Viys Vo=67%Vom

lon-state voltage Vi <17 v 11=5A

joff-state |eakage curent Ioam 0.5 mA Vo=Voru: Tj=125°C

thermal resistance ) = “cw

Rih(jc) <37




RC snubber

>

Lp

cue
Nomogram tor determining the F and G vaues
13 AC net (at standard dimensioning according
1o Hamin)

The maximum breaking curent () gives the

50.
% Exampie b)shows that 1 -0.23 Aand U - 30
or 300V gives C = 00065 yF and A= 1500

RC snubber

<30V - other load
>30V — over contacts

Protection elements:
ecapacitive load
chock
*NTC,
*PTC( in series)
sinduction load
*surge arrester
svaristor
*transil

Motors
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Electnc
motor

tors

| Squirel
cage

otor

| Sy

| ‘Wound

Electric motors

* AC motors
« squirrel cage (3 phase, 1 phase -shade pole, cpacitor, split phase)
« synchronous
* DC motors
+ 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)

[Type |Advantages [Disadvantages [Typical Application Typical Drive

IAC Induction [ese=nie [Rotation slips from frequency

Shaded Pole) Long e o] Fans dificul tocontrol
—— lowpower

IAC Inducton ecium power [Appliances

splitphase Bt [Rotation slips from frequency [SEi e or o tools | Uni/Poly-phase AC

[AC Inverter frequency
Saure o igh power [Rotaton sips fom requercy sty hpmashines [DUET Feeney

[Treadmill exercisers

Low initial cost IMaintenance (brushes)
lautomotive motors (seats, ~[Direct DC or PW/I
Simple speed control [Medium lifespan i i
Long lifespan Hard drives
lBLoc low maintenance it et (CDIDVD players DC switching, Pwm

[Requires a controller

High efficienc, [electric vehicies
e [High starting torque, [Maintenance (brushes) - » =
Universal mots R e Portable tools Grid powered |Uni-phase AC or Direct DC
Precision positioning IHigh initial cost Positioning in printers and
[Steeper D 1ph/20N - jigh holding torque [Requires a controller floppy drives e

industrial motors
Rotation in-syn with freq -
IAC Synchronous  |hence no sii [More expensive (Clocks

: i P = |Audio turntables

one e tape diives

Uni/Poly-phase AC




(spl-phase capacitor)

Ihigh starting torque

[Rotation slips from frequency

s
Stationary Power Tools

[Type. |Advantages Disadvantages | Typical Application | Typical Drive
Least expensive
lAC nduction o [Rotation sips from requancy | aifult tocontrol
(Shaded Pole) 9 Low startng toraue
owpower
IAC Induction Modium power [Appiance

[Uni/Poly-phase AC

A
ISquirrel cage

High power

[Rotation slips from frequency

industry! hp.mashines.

inverter frequency
[Vector controll (frcurrent)

ILow inital cost

Maintenance (brushes)

[Treadmill exercisers

luniversal motor

[compact, high speed

Long iespan Hard drives
lBLDC low maintenance R e ICOIDVD players IDC switching, Pwm
edires a controller
tigh efficiency electric vehicles
Figh starting toraue. brushes)

(
Medium lifespan

Grid

AC or Direct DC

IStepper DC 1phizph

[Precision positioning
[High holding torque

High initial cost
Requires a controller

Positioning in printers and
floppy drives

IDC switching

laC Synchronous

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

More expensive

industrial motors
locks

ci
|Audio turntables
tape drives

lUnifPoly-phase AC

Shaded pole induction motor

Main Pole

Shaded
Pole

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

*Low starting torque
*Low efficiency

Shaded pole

inductio

n motor
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Capacitor Run
Permanent Split Capacitor(PSD Motor)

2 0=
:

Split Phase Induction Motor

Induction Motor control
by means of slip control

Torque

Full-load

Speed

13



Induction Motor control by means of slip control

220V~ 2102w BYTSIK

330 k62 O, 1Mo
-

]oma] iy

Squirrel cage

Squirrel cage — drivig inverter

Sa+ Sb+ Sc+
RAS R €
2 Sa- Sb- Se-

Fig | & Three Phase laverter Circuit
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Inverter
IRAMS10UP60A
by International Rectifier

e
(AcTvE tow)

I3 ta la pola wirnika

Clarke Park
Iy I lq Skladowa momentu obrotowego
— >

la= 14 1g=lacos © + lgsin ©

15=0.577 15+ 21y) Ig=1lacos © + Igsin ©




Braking resistor

J = Imotor +Jroaa

=](UB(0)B — W)

VZ
i
Pg

Pres = 1.30 x (Pg—Ppyy)

inertial momentum

Braking power

Resistor

Resistor power

Pe 8R
Thres Prase 30V — ~—OR U -
Tt b X
= ~—aT Wi
Do—
A
@ @
L4 on
¥ oIz
praedd - _Le D13 AV VoageType 0- 10V
el Sgral g ¢ s i
High Spest A U D)0 g :

Curent Type 0-20m&

HighSpaed
Puise Output

RS485 o ——OTA
‘Communication B L/ Relay Ouipet 1
TC

AANERTRITITIRRRRRRRRAARRRARRRRARARSNANNNS] 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, Elsevier, 2017
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Class 4 Noisy: AC power and return, chassis ground, high-power RF and
wideband signals; power inputs, outputs and DC links of adjustable speed
motor drives, welding equipment, and similar electrically noisy equipment

Class 3 Slightly Noisy: DC power, suppressed switched loads, filtered AC;
E% externally supplied low-voltage AC or DC power which does not also supply
other noisy equipment, contactor and solenoid coil circuits

Class 2 Slightly itive: low-power low freq y signals, low bit rate
digital data; analogue instrumentation (e.g. 4-20 mA, 0~10V) and slow

=< digital bus communications (e.g. RS232, RS422, R$485, Centronics);
switched 1/O such as limit switches, encoders, and the outputs of internal DC
power supplies

Class 1 Sensitive: low-level analogue signals such as thermocouples,
thermistors, RTDs, strain gauges, load cells, microphones; also wideband

m'} digital and analogue communications such as Ethernet, video, RF receiver
inputs; and all other signals with full-scale range less than 1V or TmA, or with
a source impedance > 1k<}, or signal frequency > 1MHz

Figure from: Tim Williams, ,EMC for Product Designers”, 5th edition, Elsevier, 2017

neutral-earth connection

=)
e

motor hausing

I

=

Ground structure:

:t Enclosure .'
|

|
interference valtages

Parasitic common mode paths from a VSD

Figure from: Tim Williams, ,EMC for Product Designers”, Fifth edition, Elsevier, 2017

Filter module

Converter module

ground backplale

Filtering a VSD output

Figure from: Tim Williams, ,EMC for Product Designers”, Fifth edition, Elsevier, 2017




Ay Wi of contucts Tom ha 4o 10 e
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Grounding of CM filters

Figure from: Tim Williams, ,EMC for Product Designers”, Fifth edition, Elsevier, 2017

Converter-to-load cabling

Figure from: Tim Williams, ,EMC for Product Designers”, Fifth edition, Elsevier, 2017




rype [Advantages [Disagvantages [rypical Appication [rypical Drive.
Loast expensive
IAC Induction [Rotation siips from frequency
el Long lfe e Fans aificul tocontrol
owpower
IAC Induction Medium power - [Appliances ]
e I Rotation sips from requency  [PRISTCeS, | - |UniPolyphase AC
- inverter frequency
S caze High power [Rotaton sps fom requency [ sty hpmastines (Ve feueney
[Treadmil exercisers
Brushed DG Low inital cost Maintonance (orushes) e e Tl s o v
Simple spood control Mediur ffespan ]
blowers, windows)
Long lfespan Wr— Hard drives
lBLoc ow maintenance ol (COIDVD players DC switching, Pwm
pLoc [Requires a controller
igh offciency electrc vehiclos

Universal motor

High starting torque,
|compact, high speed

[Maintenance (brushes)
[Medium lifespan

Portable tools Grid powered

Uni-phase AC or Direct DC.

[Stepper DC 1phizph

Precision positioning
High holding torque

IHigh initial cost
[Requires a controller

Positioning in printers and
floppy drives

DC switching

IAC Synchronous

[Rotation in-sync with freq -
hence no slip
long-life

[More expensive

industrial motors

(Clocks

|Audio turntables
rives

Uni/Poly-phase AC

DC motors
PMDC — Permanent Magnet DC

High starting torque,
compact,

high speed,

easy to controll,
cheap

Noisy
EMI emission

Maintenance (brushes)
Medium lifetime,

19



DC motors
PMDC — Permanent Magnet DC - control circuit

PMDC

E+(RstR))I

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

current limit
or control

OFF J LOFF

orr | | oFF

slow decay

20



H bridge operation 2

Bootstrapping

Vee

o high side ariver
supplay h

o
oK

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

TIP:
very little momentum — fast start

v designworidonine com/AriceDetails aspxTid=1973

21



Type

Advantages

Disadvantages

[Typical Application

[Typical Drive

IAC Induction

Least expensive

[Rotation slips from frequency

(Shaded Pole) Long lif Low starting torque IFans. |difficult tocontrol
o B
A i

B e reptarce
EZSW'Q—PH( se capacitor)) Ihigh starting torque: [Rotation slips from frequency IStationary Power Tools Uni/Poly-phase AC
S ion — sty ppmastines (o1 ouenc
Rt o oo tp o resorcy i pmashines [ ey

! | Treadmill exercisers
& owimalcont - Manenance Grushes) fo0nCl G, [t DO or s
L P Iblowers, windows)
gy — i s

BLDC low maintenance fely Lt [CD/DVD players DC switching, Pwm
& e R

llectric vehicles

Universal molor
61)

High starting torque,
h 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
equires a controller

[Positioning in printers and
floppy drives

DC switching

IAC Synchronous
62)

[Rotation in-sync with freq -
hence no slip
long-ife:

More expensive

lindustrial motors
(Clocks

|Audio tumtables.
tape drives

Uni/Poly-phase AC

22



TA8420/21 BLDC 2 phase driver

Rsc. 5
910kQ ﬁ,
Lo sHuT Down | |, VZ=ZBVMIN.
(TABAZ1AR) i - \ 0
0 INA 3
Y Vs S o
conTRoL
e I EER I
Csc sc
LB1864 2 phase BLDC driver
Wentylator 3-przewodowy
+V O
TACHO _
[or
Czujnik I
Halla )
GND O —J ni

23



Wentylator 4-przewodowy

3 phase BLDC

24



BLDC

1=
|
|

1y

\\HL L_o
| Ty
|
| 19




BLDC — unipolar driving - star

A
A B
J +Vee
C
B
L62 68 d river B LC D a7 VC M (voice-coil-motor) (ST)
o EEr— —. o
-Llla ars.
s RO cRosS > re
Ertenon oo
sexg—] witnrace =<1
— ves
[ E: e
= e — e I
Loast expensive
induction [Rotation slips from frequency
(Shaded Pole s lLow starting torque o= S ool
IAC Induction vedium power

|Appliances
[(spiitphase capacitor)|high starting torque. [Rotation slips rom frequency  |giionary power Tools ~ [Un/POl¥-Phase AC

IAC
vere fequenc
i Rotasonsips rom requency (st hpmastines [t foauency
[rosimil sercsers
erushes D Lowintalcost  [Malenance (rushes) foiomaine motors seas. [Direct DG o P
Loe ek b L iisehal blowers, windows)
Cong fespan e ars arves
lBLDC low maintenance. g i |CD/DVD players DC switching, Pwm
[Requires a controller
i ettcien: eectic vhices
; i starting torque aenance (ushes) 8
universal moor |90 sarng orave, - [valrtonance (on ortaie tois i powered [un-phase AC orDiect DC
e Prcisonposioning [High il cost Posiioning n priners ana [
[Stepper DC 1ph/2ph | o\ iding torque: [Requires a controller INoppy drives e cutily

Rotation in-sync with freq -
IAC Synchronous  |hence no slip [More expensive
long-life

industrial motors
[Clocks

|Audio turntables (RIS Gpes=
tape drives

26



Permanent magnet replaced by electromagnet
— universal motor

TT i
|

o E%l 5%]

! | ]

ies motor

shunt motor
compound motor

differential compound m.

Torque vs. speed

differential

shunt

series

compound

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

27



Ol Universal motor — driver/controller
more sophisticated example

%
oo o
g
) "
o W
wd
\sm s Lt
e
-
b
(now ON Semiconductor)
[fee e s TN [ o

[Least expensive

[Rotation siips from frequency

(ol

[Medium power
to

rque

[Rotation siips from frequency

pliances
Istationary Power Tools.

IAC Induction

Shaded Pole ona e Low starting torque [Fans laiffcut tocontrol
lowpower

IAC Induction lapplian

lUnifPoly-phase AC

[AC
Squirrel cage
3ph

IHigh power

[Rotation siips from frequency

Industry! hp.mashines

inverter frequency
IVector controll (frcurrent)

lLow iniial cost

[Maintenance (brushes)

[Treadmill exercisers

[High efficiency

[Requires a controller

lelectric vehicles

Brushed DC <imole spoed control Vedio fearen lautomotive motors (seats, ~[Direct DC or PWM
lblowers, windows)
[Long fiespan = [Hard drives
5L DC low maintenance fIohinitalcosy |co/DVD players IDC switching, Pwm

Universal motor

[Figh starting torque,
[compact, high speed

[Maintenance (brushes)
[Medium lifespan

[Portable tools Grid powered

[Uni-phase AC or Direct DC

Stepper DC 1phi2ph

[Precision positioning
High holding torque

High iniial cost
[Requires a controller

[Positioning in printers and
ioppy drives

IDC switching

|AC Synchronous

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

[More expensive

Industrial motors
[Clocks

|Audio turntables

[UnifPoly-phase AC

ltape drives

Silnik napedu zegarkow (Quartz)

Stator

28



per motors- bi/uni-polar

EOR: O
H &

bipolar winding fresl indi
H bridge needed u_nlpo o ‘.”m ing
single swich

hase) steppper motor internal conections

)
®

6 wires
(bipolar handicaped/
/unipolar)

@ 4 wires
(bipolar only)

8 wires
(bipolar/unipolar) ==

5 wires
(unipolar only)

Elon:

Unipolar/Bipolar stepper motor driving




Permanent magnet motor
wave driving

Permanent magnet motor
full step driving

Isst updately 25, 2007
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Permanent magnet motor
half step driving

Electric i, Volume | -AC By Tony . Kuphald, SichEdton, st update y 25,2007

Unipolar motor

ing o

Ladr

i
t

I

cow >

Hybrid motor

1,3,5,7 — phase A
2,4,6,8 —phase B

_ 360deg
NN

teeth phases




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

o | \VD18245
application

L6205
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4194
o

e

-, BIPOLAR STEPPER MOTOR DRIVER (2008) ~ CIRCUITBOARD SCHEMATIC - WITH BASIC CONTROLS

1o st

T™MC246

Contot & iagrosis
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-

DRV8811

ype Advantages Disadvantages [Typical Application [Typical Drive
C Induction Least expensive
Shaded Pole) Long life [Rotaton sips from f120UeNY  Ians lifficult tocontrol
1) lowpower g
C Induction
Medium |Appliances
iit-phase capacitor)
e e Rotaton sps from frequency [SPRoTSSS, o\ UniPoly-phase AC
E inverter frequency
High power [Rotation slips from frequency  [Industry/ hp.mashines gauency

[Vector controll (frlcurrent)

Low iniial cost
Simple speed control

Maintenance (brushes)
Medium lifespan

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

Direct DC or PWM

Long liespan
low maintenance
High efficiency

High iniial cost
Requires a controller

[Hard drives
(CDIDVD players
jlectric vehicles

DC switching, Pwm

[High starting torque,
compact, high speed

Maintenance (brushes)
Medium lifespan

[Portable tools Grid powered

Uni-phase AC or Direct DC

tepper DC 1ph/2ph
6)

Precision positioning
[High holding torque

High inital cost
[Requires a controller

[Positioning in printers and
floppy drives

DC switching

C Synchronous
2)

Rotation in-sync with freq -
hence no siip
long-ife

More expensive

industial motors.
cks
|Audio tumtables

Uni/Poly-phase AC

Electric i, Volume | -AC By Tony . Kuphal, ich Edton, st update iy 25,2007
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Multipole synchronous motor

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

chronous motor

35
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Synchronous motor
plat drive of microwave

VCM
Voice Coil Motor

37



Campiiant materal

motors (actuators)

rd disk head,

laser positioner in CD )

ar motor

[Advantages Disadvantages [Typical Appication [rypical Drive
lLeast expensive
ast [Rotation s from frequency ... i =
Long lfe s Fans diffcult tocontrol
lowpower
[AC industion
IMedium |Appiiances
(spitohase capacitoneten Power Rotaton sips rom frequency  [PRISTCsS, | - [UniPolyphase AC
- inverter frequency
Squirrel cage igh power Rotation siips from frequency  [Industry! hp.mashines T
3ph

[Vector controll (frcurrent)

[Treadmill exercisers

|compact, high speed

[Medium lifespan

Portable tools Grid powered

e 00 Lowintialcost | Maintenance (brushes) |aiiomotve motors(seats,[Direct D o P
OO L biowers, windows)
Cong espan — ard anves
[BLOC llow maintenance L i |CD/DVD players IDC switching, Pwm
Requires a controller
Figh sftcienc eectic whicles
Dversal motor Mg saring oraue Wantenance Grushes)

[Uni-phase AC or Direct DC

IStepper DC 1phizph

[Precision positioning
[High holding torque

High inital cost
[Requires a controller

Positioning in printers and
floppy drives

IDC switching

lAC Synchronous

[Rotation in-sync with freq -

long-ife

More expensive

industrial motors
(Clocks

|Audio turntables
tape drives

[UnifPoly-phase AC




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)

Test questions example:

* What are the basic types of relays ?

* What is the role of a protection (flyback) diode in an
electromechanical relay control circuit??

* Compare types of motors there basic features and way
of control them:

« AC Induction (Shaded Pole),

* AC Induction (split-phase capacitor/inductor),

« AC Squirrel cage(3 phase),

* Brushed DC

* Brushless DC

* Universal motor,

* Stepper motor,

* AC Synchronous motor.
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