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INTRODUCTION

1. About ThisManual

Hello, everybody! Welcome to the “Regulating” industry. Well | guess some explanation
will be needed for everyone to understand what “Regulating” industry is . This manual
provides information about the basics of electricity and the most fundamental FA & CC
products, such as switches, relaystimers, PLC, Inverter, Touchscreen and others, for the
benefit of newcomers to the industry.

Real-life examples are incorporated in the text. So, lets |earn the basics one by one.

We became part of the company
last year. We will try our best to
help you with our learning here.

How do you do?
I will provide supporting
information based on the
factory viewpoint.

Vi
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2. Intended Audience

Thismanual isintended for the following personnel, who do not have any or little knowledge on
Electricity, Basic Omron FA & CC products.

e Customer Service Staffs
e Sales& Support Staffs
e Administration staffs

VI



1-1
1-2
1-3
1-4
1-5

1-7
1-8
1-9
1-10

SECTION 1
Basics of Electricity

(O U g I (oY == ox o1 YRR 2
What iSQEIECIIIC CiFCUIT? ...ttt sre e eaneereas 3
Current « Voltagee Resistance and their Correlation ...........ccoceeeieininininininenenene 4
Serial Connection ¢ Parallel Connection for ReSIStANCE .........ccccceevvecieccie e, 6
EIECLIIC POWES ...ttt ettt e s e et e et e e be e e aeeeat e e beeebeesaeeentaeeneesaneennas 7
Direct Current and AIterNate CUMTENT ......c.oecee i 10
L =0 [V o PR 12
U o o] VAN 0] L = To = SRR 13
HOW EIeCtriCity REACHES Y OU.......ecciiiciieceeee ettt 14
SYMDBDOIS AN UNITS ...ttt bt s 16



Basic of Electricity Section 1-1

1-1 Our LifeElectricity

Electricity is everywhere in our daily life. Just take alook at your house.

Press a switch and alight comes on. Press a button of the remote controller and the
television comes to life. Tea made with hot water boiled using the electrical kettle and
barbecue parties with hot-plate roasted meat! When the room gets stuffy or warm,
simply switch on the air conditioner! Such is our life which is closely knitted with
“Electricity”.

Electricity has become an indispensable part of our life.

Well, most people understand that a machine moves when the switch is pressed but not
the electricity that drivesit.

From home electrical appliances to regulating egquipment which we are going to study
later, let’ s learn the basic knowledge of electricity so that we could make informed
selections for safety use.
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1-2 What isa Electric Circuit?

In the following diagram, the light bulb will come on when the switch is pressed.

When the switch is pressed, current flows from the Plus (+) end to the Minus (-) end of the
battery through the light bulb.

The current makes around trip and is therefore known as an Electric Circuit.

4\

Switch

Power D | L
Load source T = Load
(light bulb) S 3

A wiring diagram A circuit diagram

As shown in the above diagram, the bulb or anything that consumes electricity is known as the
“Load”. Load is expressed by W LO

Lamp
Heater —/mﬁL Q N
Motor : . \/k\ = A
g Resistance w
etc.

Short-circuit isdanger ous!

Battery
Please

be
careful!

Contact between naked cords
(Electricity is unable to flow
to the load)

Short-circuit

When electricity flows from (+) to (-) without aload standing in between, an excessive current flow
may be generated. This phenomenon is known as short or short-circuits.
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1-3 Current « Voltages Resistance and their Correlation

« Current and Voltage
The flow of electricity is not visible to human eyes.
Let's compareit to the flow of water.

The relationship is the same in the case of

When two water tanks are linked by a pipe, o S A
water will flow from the one with the higher electricity-electricity flows from the higher
water level to the one with the lower level. electric potential to the lower electric
potential.
Higher @
electric |,.-|
Water potential oy
Pressure | E ___Cu Current )
N4 '_J::J |
Voltage| Battery|
L_) Lower ‘= r} i
electric F.
potential = =
Some information on electricity and electric potential
Unit Designation
Volume of flowing electricity A (ampere) Electricity
Potential difference (strength of electricity | V (Volt) Voltage
flow)
» Electrical resistance
N\ Thwarted water flow through a pipe,

the flow will be weakened when the
valve istightened and increased when
the valve is loosened.

~_ Also, when the pipeis stained, water
flow will be thwarted.

“‘\z.‘_

I nwartea water Tiow

In the case of electricity,

Unit Designation

Obstruction to the flow of currentin a Q (ohm) Resistance
circuit
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+ Theruleof ohm
The size of current flowing through a electric circuit is directly proportional to the size of the voltage
and indirectly proportional to the size of the resistance. Thisis known as the Rule of Ohm.

Voltage (V) = Electricity (A) X Resistance Q &
E = I x R —

Let's compareit to water....

When the differencein

water level is small When the voltage islow

Water flow ,
= = B):
~

Water level difference

Water ffow s Smalt Efectritity isSmatt

When the differencein M
water level isbig i

o \r3 il
eRte-vYortage+STitgn

T—0

Water flow |§-
N = 6)-
X

Water flow is huge. Electricity is huge

Wter level difference

EXERCISE
A hot plate of 15Q resistance is connected to awall outlet of 100V voltage.
What is the amount of electricity flowing to the hot plate?

Formula:
O
(] Answer:
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Serial Connection » Parallel Connection for Resistance

When two instances of resistance are linked viaa seria or parallel connection, the combined
value of the resistance is known as the Combined Resistance.

Serial Connection

Parallel Connection

Resistance
R = A+ B
I
L
AZ
E= l [:I) R
B

Combined resistance is the sum
of various resistances

Y

Switch

’

AN

]

Battery

!

—
T_
1N

When all the three lamps are on, the light produced
isdimmer than that produced when one lamp is
on.

Asthe supply voltageis divided among the lamps,
these lamps are dimmer when all of them are
switched on at the same time. The electricity which
flows through the wireis 115 smaller than that when
only one lamp ison.

Combined Resistance

T

Combined resistanceisthe
reciprocal sum of the reciprocals of
various resistances

N X

Switch

When all the three lamps are on, the light produced
isas bright as that produced when one lampis on.

Each lamp uses the supply voltage as-is. Thus, their
brightnessis not reduced. However, in this case,
the electricity that flows through the wire has
become larger to cater to the number of lamps.




Basic of Electricity Section 1-5

1-5 Electric Power

All electrical appliances come with an indication of their power expressed by “Watt (W)”.
For example, light bulbs come in 100W, 60W and 30W, etc. The higher the watt is, the
brighter the light bulb will be. Hair dryers, for example, come in 1000W and 1200W, etc.
Similarly, the higher the watt is, the stronger ahair dryer will blow.

As such, electricity is channeled to produce light, drive motors, produce heat and do a host of
other jobs.

Unit Designation

Power of electricity per unit of time W(Watt) Electric power

« Correlation between electric power and current ¢ voltage
If electric power isP, its correlation with current ¢ voltage is shown in the following formula.

P: Electric power (W)
P=EI E: Voltage (V)
I: Current (A)

(" exampie N

To seek the current value when a 1200W-hair dryer isin use.

The voltage for home-use electricity is AC200V, thus,

Current value = 1200W =6A

200V

N /
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Beware of current over-use

The volume of current required by afamily is contracted with a power-supply company in
terms of current value (ampere) in advance.

When too many electrical appliances are used at the same time which leads to the demand for
more electricity than the contracted volume, a breaker function will automatically work to stop
the supply of electricity.

There are various contracted current values including 10A, 15A, 20A and 30A, etc.

Exercise

In afamily, for which the contracted current value is 30A, can the following equipment be working at the
same time?

oz

Bulb 100W ’

TT
UL

E ectzrgg(l;\:NOven Air conditioner 1600W

Washing Machine

800W VAL AV i K2
omn
Home-use )
i dae 500 electricity is ()

AC 200V L

What about the electric power required by
factory?

A factory uses agreat deal more of power. E.g.,
power isrequired for

Heater 2KW

Motor 1.5KW

Pump 3. 7KW

Elevator 15KW
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Stick to the power rating for safety use

Maximum current val ues and maximum voltage value are determined for all electrical equipment,
including plugs and wall sockets. These are known as the allowable current and allowable voltage. All
electrical appliances come with a power rating.

The power ratings on
electrical appliances are
not current values but
electric power (W).
Sometimes, frequency is

[l [I §D2-29606NAO

100V 890W 50-60Hz

Vertical electric fan heater Hx800
I5A 125v Production No. 90005

Wall outlet OMRON CO.

Watch out for starburst connections!

When there are not enough built-in wall sockets, the use of extension cord, such as atable tap, allows
electricity to be tapped easily.

Most of the power rating for extension cords is approximately 7A.

If a 600W electric rice cooker and a oven toaster are used at the same time, the current value will be:

—?0083\9L = 6A and 6A+6a=12A. When thetotal value goes beyond the power rating, such as this

case, it becomes dangerous.

Electricrice
cooker

Power rating

600W
exceeded!!!

—_— Tabletap

600W
Rated current 7A
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Direct Current and Alternate Current

The flow of current can be direct or alternate. DC stands for direct current while AC, alternate current.

Direct Current (DC) ==

Alternate Current (AC)

-

®
L,V
Curreng
voltage ——t
S)

The size of current and voltage is
constant and does not vary with time.

L
S

, ©

The direction is constant

Thecurrent is
flowing directly.

Electronic circuits
aredriven by direct
current.

When viewed under a synchroscope

®
LV
Currer@ —Y
voltage \/ t
©

The size of current and voltage
undergoes cyclical variation with time.

&,

The direction is reversed with time.

D)

Home-used
electricity is
alternate current.

AC 100V

AC isexpressed in different units.

Unit Name
AC VA VA
DC W Watt

/ For regulating equipment, the power consumption for DC and \

10
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« Alternate Current can betransformed into Direct Current.

In the case of a Walkman

The innards of a Walkman are electronic
circuits, which run only on DC. Therefore,
batteries are required.

But, isn't it troublesome having
to buy batteries every time?
Can’'t we do something about it?
After al, AC and DC are both
electricity.

ug an adapter in an AC100
wall socket and you can
transform current from AC to
DC. Thevoltageis reduced
from AC100V to DC1.5V so
that rechargeable batteries can
be charged.

Rechargeable
battery

after charging is
DC1.5V which can
then be used for the
Walkman.

AnAC - DT
Transforming adapter

Incr iances are made
of electronic circuits. They run on DC as
well with AC adapters described above or
using built-in adapters. AC iswidely used,
asit is easy to increase/decrease voltage and
change DCto AC.

11
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1-7 Frequency

For AC, cyclical variations which reverse Plus and Minus at afixed regular occur.
Each of these wavesis known as a cycle and the number of waves returned in asecond is
known as the frequency.

Unit Designation
Frequency Hz Hertz

* N
BAYRY A A RY

Cyclie CydE 50 cycles/second=50Hz

y , 1 second _{

12
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1-8  Supply Voltage
A load requires a matching power source.
If inappropriate AC/DC or voltage is used, the load will not function or may even be damaged.
Let's check out the appropriate supply voltage for electrical appliances which we use daily.

Select the appropriate power sources that match the loads and link them with lines.

AC100V

—o— '

T R

AC200V

o

Hair dryer

CD-radio-cassette player

DC1.bV

_4|—. o

* When batteries are used.

13



Basic of Electricity Section 1-9

1-9  How Electricity ReachesYou

So far, we have learnt something about electricity. But what are the routes taken by electricity
before it reaches factories or houses?

[ ] |
||
Power Station s Substation (1)

Building
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Section 1-9

AC25,000vV

a ™~

- _J

The electricity delivered by power stations
is high-voltage current of AC15,000 -
50,000V. In order to lower the voltage to
AC200V for home use, the electricity
passes through several substations and
distribution poles.

The voltage is reduced using the
transformers at these locations to transform
the electricity into an appropriate voltage
for factory, building and home use.

Substation 2

_JjEet

i) N
]

ﬂ-q.,_h_qq::

Substation for Distribution
electric trains pole

AC200V |

= \'/

15
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1-10 Symbolsand Units

The symbols and units that we have learned so far are summarized in the following tables.

o
A=
Electrical Units
Item Abbr. Symbol Un:It)esignation Symbol Example
Voltage E \% Volt J_ AC100Vv, DC12Vv
TBattery \WYAC

Current | A Ampere 1A, 120mA
Resistance R Q Ohm —\W— 100Q, 10kQ
Power P W(DC) Waatt 100W

VA(AC) VA 1.2Va
Electric energy WH Watt-hour 800WH, 24kWH
Frequency f Hz Hertz 50Hz, 60Hz

1,280kHz

Numeric Unit
Unit | Designation | Symbol Example Unit | Designation | Symboal Example
10" | tera T - 10" | deci d -
10° | giga G GHz- 102 | centi c -
10° | mega M MQ,MHz | 10% | mill m mA, mV, mQ
10° | kiro K kQ, Kv,kw | 10° | micro H A, UF
10 | hecto H - 10° | nano n nS
10" | deca da - 10% | pico p pF

16
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Switches Section

2-1

2-1 What isa Switch?

Switches are one of the most common thing in our daily life nowadays. They come with
different equipment, such as switches for radios, televisions and lamps.
There are also awide variety of switches for regulating circuits. Let’ stake a closer look.

» Detection switches: Switcheswhich function when an object arrives.

Micro switch
E Limit switch
Photoel ectric switch, proximity switch, level switch

* Operation switches. Switcheswhich are operated by man.

— Push-button switch
— Illuminated push-button switch
—— Sum rotary switch Ticket vending machine
— Dip switch
L Mechanica key switch

18
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2-2

What isa Contact?

There are “contacts’ in a switch. When a contact is switched over, current may flow or stop to
flow.
The “contact” of aswitch is switched over by force.

» Contact aand contact b

ﬁ Connecting to contact a \
Current | can

pass
_____ Current  Force through!
e

BATTER

 S——
BATTERY N/,

N 2

Connecting to contact b

Current

e Structureof a contact
* Meaning of the symbols of the terminals

‘ N.C COM Common Terminal
COM ' N.O  Normally Open Terminal
N.O N.C. Normally Close Terminal

19
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2-3 Micro Switch

e Structure

Spring plate/
movable piece

(] What is the
L structure of a
- micro switch?,
Actuator
Stationary contact
(contact b)
Movable contact

e Characteristics

*  Smadll
»  High capacity make and break

Terminal
Stationary contact
(contact a)
* Contact
Force
y
/ }
I
COM N .C

« Exampleof uses

Thiskind of switch can be used to detect whether doors are open or close, e.g., electronic oven or cars.
It can also be used to detect whether products are sold out, e.g., vending machines.

Door switch

A switch to detect
the availability| of
productsin a

vending machi nLe\:_f’ "

20
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2-4

Useful Glossary about the Switch

There are many kinds of switches. How can we differentiate them?

They can be differentiated in many ways depending on their uses and installed locations.
Let'sfirst learn how to read aformat which contains keywords needed to understand what a
switchis.

Thisis
enough as
format and
glossary.

4

Note: 1 2 3 4
There are other serieswhich
use different format standards.
1. Rated current

This information indicates the size of current

allowed to flow to the switch.

It is determined by switches.

Current O _MComfortable

21
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. Distance between contacts
Thisis the distance between contacts.
The amount of current allowed to flow through depends on the distance

between contacts.
The distance can be larger or

Standard -
smaller than the standard.

Magnified view of contact ,

3. Actuator
It transmits force or position accurately to the switch.
There are many types of actuator depending on uses.

LA

just some
of them

Pin push-button type g_ Roller push-button type

inged lever type -QHinged roller lever
o~ a type

4. Typesof terminal
Some switches require predetermined terminals while others can

select from severa types.

-There are
various types
of legs.

Soldered terminal
(No indication) lgThreaded terminal (B)

Tab terminal (C)
E * The symbols contain in the () are indicated
in the format. )
Shyy
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* LifeSpan

- Mechanical life span -

1]

If aswitch is switched on/off repeatedly

under |oad-free state, how many times will
it take before the innards of the switch gets

damaged?

- Electrical life span -

1
"

If aswitch is switched on/off repeatedly with

the rated load (predetermined |oad) of the

switch applied, how many times will it take
before the innards of the switch (especially the

contact) gets damaged?

Q. Which life span islonger, mechanical or electrical?

* Operation Characteristics
The amount of force has been determined so that the switch can operate.

OF RF
PT

MD
oT

‘T_"V_J

Force

OF Forcerequired for operation (Operating Force)

RF

Thisisthe force required to work the contact
which is applied on the actuator.

Force required for release (Release Force) This
isthe force required to loosen actuator of the
operating switch so that the contact can be
released.

Movement

oT

MD

Pre-operation movement (Pre Travel)

Thisis the distance between the free position
and the operating position of the actuator.
Post-operation movement (Over Travel)
Thisisthe distance for which the actuator is
alowed to move after operation

Differences in movement (Movement
Differential)

Thisis the distance between the operation
position and the position.
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2-5 Limit Switch

How arethey
different from the
micro switch?

e Structure
Head
Release spring O
/ l Actuator
(]
Sturdy case . o »
L,
®
Micro switch
Terminal
0
* Contact e Characteristics
¢ High mechanical intensity
Force

1alb contact

« Exampleof use
Cargo lift
Detection of stopping position of multi-level car park

—Y—————

'@‘

¢ Oil-resistant, water and dust-
proof mechanism.

-———————
.
,
’

o -

O: 0

Ly

OmRON

<
N

Detection of life position

24
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« Actuator

There are many types of actuators.

Plunger type

A
q

* Variableroller
lever type

rf Roller lever type

\\

* Variablerod
lever type

* Variable: The length of the lever is variable.

[ There are renewable types as well, such as the D4A type.

Roller lever

it

Let me put

25
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Push-button Switch

These switches can be switched on and off when pushed by an operator.

A3TM type A3GJtype

Structure: operation section + switch section

Illuminated Push-button Switch

These switches have built-in LEDs (or incandescent lamps) on the inside of the push-button
switch. The on/off operation can be linked to the operation of the lamp.
With the lamp, it is easy to check whether the switch is on or off visualy.

A3TPtype

A3DT type

@
Incan-  [*4
descent
lamp LED

(Light-
Emitting
Diode)

Structure: Push-button + lamp

* |t can be used as an indication lamp as well.

Momentary Operation : When the switch is pressed, it comes on. When the switch is released, it

Alternate Operation:

automatically resetsto theinitial state instantly.
m, — = — 7,

When it is pressed again, the lock will be released. “Push on, push off”.

Mea\ﬂ#erﬂ%eaeﬂ

Maintained

When the switch isfirst pressed, it comes on and remainsin the operating state.

26
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Sum Rotary Switch

This kind of switch outputs force which matches the display and switches electric circuits.

ATMA type A3PStype H3CA type

Setting of ti {er
operation time

Example of uses:  Setting of temperature, time, frequency and dimension, etc. for measuring
instruments.

Dip Switch

Thiskind of switch is used on printed circuit board. It has a small operation section and is
used for program setup and switching circuits.

« Here

ABA type
)il i

ABA type AGDR type

It's purpose is similar to that of the sum rotary switch. The “sum rotary switch” is used when
settings need to be changed frequently whereas the “ dip switch” is used when changing of
settings is less frequent.

M echanical Key Switch

This switch is small, thin and has simple structure. It isinstalled on a printed circuit board.

1

B3F type

B3F type

Example of uses:  Office equipment, video, television, OA equipment and calculators.
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2-7

Pointersfor the Salection of Switches

< Common Pointer s>

1. ACorDC?
OAC ODC
O V (Volt)

2. What isthe type of
connected load?

O Resistance load
O Inductive load
[ Others

Battery Q
D,

Heater

® Shape ®

1. Size?
O Big (limit SW)
O Small (micro ¢

2. Shape?
O Vertical &'
O Horizontal i

® Force applied for operation @

How much force is applied on the actuator?
o g

Force

mN
—’

Let'sdoit!

— o—

| smply can’'t work
with such strength.

® Actuator @

Select according to purposes.

= &

® Environment ®

Isit going to be used in a severe environment
exposed to oil and water, vibration and impact?

O Yes (Limit switches are superior against
negative environment factor. Check
out its protection characteristics!)
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1. What type of wiring
O Tab
O Threaded

O Soldered
O Others

Which kind of leg?

§-¥-%

?

Remember
these pointers!

< Operation Switch >

° °
What isit for?
O Operation ® ooo
O Emergency
O Others l

“u,:) Danger!
Emer/gm hé’

® Operation method ®

What kind of operation is required?
O Momentary (self-respect)
O Alternate (self-maintained)
O Others

POWER

® Shape ®
1. Shape
ORound O Square R v
2. Color
O Red O Yelow %
O Green O Others

3. O uminating
O Non-illuminating

4. Size (Panel-cut dimension)
O3 O¢l2 Ogl6

&

Environment? ® Environment @
O Exposed to oil and water
0 Exposed to vibration and impact

L oosened Wat

er
N}
: §
77
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Omron Models

RGN

0dBS - 15F%
RIET SWITCH

e LE 1) ARFEES
S
[
| |
| {
i

-

2
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Basic Switch

Classification

General-Purpose Basic Switch

Subminiature Basic
Switch

Miniature Basic Switch

M odel

Z-15G Z-15H

SS-5

V-15

Appearance

Features » Best-selling basic switch boasting high « Economical * Reliableand safe
precision « Large switching capacity | » Applicationsinclude
 Large switching capacity with high repest with high repeat industrial equipment
accuracy accuracy and commercia
+ Model with special products
contacts made of silver
alloy are tough and
highly conductive
Contact Resistive Load 15A at 250VAC 3A & 250 VAC 15A at 250 VAC
Ratings 0.5A at 125 vVDC 0.4A at 125VDC 0.3A at 250 VAC
MaX. | 20 = oo e e el
OPEra [ 45 mde oo e e e e e e e
ting
Curre Eut Ittty = ettty ittt
T T s s ettt ittt Bttt
5 S PPN ./~ I [, [ S,
3 s _____ S
2 B S . I S R I
1 e ____ JES I
05 _ | oo _pen JE S
03 | _fmen | __ R S
01 _ | _ o _____ s _____ e
Min. L0 I - I SR - IS IR - S
Permi | 10
ssible | 4 et
L oad B B i it
ma) |91 e ____
0.01
Operating Force (OP)
200 to 430 of 25, 50, 150 100, 200, 400 of
(Pin Plunger Type) ° g of g
Life
Expectanc | Mechanical 20 x 10°min. 30x 10°min. 50 x 10°min.
y (Pin
g;g)gef Electrical 500 x 10°min. 200 x 10°min. 100 x 10*min.
Mounting Pitch 25.4mm 9.5mm 10.3x 22.2mm

Pin Plunger, panel mount plunger mount roller

Pin Plunger, hinge lever,

Pin Plunger, Hinge lever,

Actuator plunger, leaf spring, hinge lever, roller leaf stimulate hinge lever, hinge | stimulate hinge lever,
spring, hinge roller lever, flexible rod roller lever hingeroller lever
Solder, screw Solder, quick connect Solder/quick connect
Terminals (#110), PCB terminal (#187), quick connect
(#250), screw terminal
Weight (Approx.) 22 to 58g 1.6g9 6.29
Approved Standards & UL, CSA, VDE, SEMKO, UL, CSA, VDE, SEMKO,
Markings UL, CSA, SEV, CE SEV DEMKO, SEV

Remarks

Drip-proof terminal models are also available

Split double spring
mechanism assureslife as
long as 30 million
operations
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Limit Switch
Classification General - Purpose Limit Switch
Model WL D4A-N HL-5000 D4D-N ZE/ZV ZC
¥ M s
[ ]
|
W4 - -l
Appearance i i P .
- | -
ik ] »
Wide selection of | A new version Economical Fail-safe Long-servicelife Small, high-
two-circuit  double | with better seal, miniature limit mechanism assures | and large breaking | precision enclosed
Features break. shock resistance switch boasting sue switching even | capacity. switch.
and strength. rigid construction if an abnormally
occurs
1P65-(N type)/
IEC P67 P67 P65 1P65 1P60 (-Q type) 1P67
Jet-proof (N type)
Engl osure JIs Immersion-proof Immersion-proof Jet-proof Jet-proof Dust-proof (-Q Immersion-proof
Ratings
type)
NEMA 34,13 3,4,4X,6P,12,13 - 1,2,3,4,12,13 3,4,13, (-N type) 1,2,34,5
20 250 VAC
Rated I i ieiiei Hetsisuiuinity Rttt Bl . it et
L S00VAC ___| __480VAC __ | ___________1___400VAC __| ___ e __250VAC __
Current(®) 10 77 7 250 VAC e o
S/ B W1 o -
Micro-load type Yes Yes Yes - - Yes

Mechanical
life
expectancy
(operations
min.)
61
(x10°) Two circuits
Electrical 1 I
Life O st B e ) e I
Expectancy 0.6 ———f———— - - — - - A O RS — — —
(operations 04 ———boo_¥feA | peeRs WAl |
min.) 02 —- | 150000 ____
Operation Indicator Yes Yes - -
ZE:25.4mm,
Mounting Pitch 58.7 x 30.2mm 59.5 x 29.4mm 50 x 24mm 47 x 20mm ZV:41.3mm 25.4mm
ZV2:31x 75mm
Roller lever, Roller lever, Roller lever, Roller lever, Top plunger, top Top roller plunger,
adjustable roller adjustable roller adjustable roller adjustable roller roller plunger, top hinge lever, hinge
lever, adjustable rod lever, top plunger, lever, top plunger, lever, top plunger, arm lever roller lever, top
lever, fork lever lock, | sideroller lever, top roller plunger, top roller plunger, plunger
Actuators top plunger, top coil spring. coil spring. coil spring.
roller plunger, side
roller plunger, top
ball plunger, side ball
plunger, coil spring
Approved Standardsand | UL.CSASEVLR, UL, CSA i ULCSACEBIA, | ) coa UL,CSA.CE
Markings CE SUVA
Weight (Approx.) 2759 290g 130 to 190g 709 260 to 280g 110g
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Limit Switch
e Lo . Special-Pur pose Safety-Door
Classification Enclosed Limit Switch Limit Switch Switch
Model SHL D4amC D4C D5B D4BS
&,
>
Appearance /
-
X - ¥
Subminiature limit Economical, high utility Small, slim-bodied high- | Detect object in Safety-door limit
switch with high sealing | enclosed switch. precision enclosed multiple directions. switch’'s special
property switch operation key
positively pulls apart
Features the contacts from each
other and contributes
to the safety of the
production site.
|EC 1P67 1P67 1P67 1P67 1P67
Enclosure . . . . .
Ratings JIS Immersion-proof Immersion-proof Immersion-proof Immersion-proof Immersion-proof
NEMA - - 34,13 - 3,4,4X,6P,13
20 e e
Rated 1 e N 7oy e S
250 VAC 250 VAC 400 VAC
Current (A B e e Mt Bttt Bttt 30B-¥BE-———q————~ Err ————
* éo % 250 YAC 77
% 2
Micro-load type Yes Yes Yes - -
(x10%)
Mechanical e e
life 54 e A
expectancy KO Ittt Ittty Attt ettty Sttty
(operations 20 ———boo ]
min.) 10 1,000,000
T e | e | e | B | vz
(x10°)
Electrical 5 e e A e I
Life [0 T He st sttty Bt Bty 7, s
Expectancy 06 ---
(operations 04 ——-
min.) 02 —__
Operation Indicator -
. . M5, M8, M10 (Screw
Mounting Pitch 16.5mm 25.4mm 25mm mounting) 60 x 30mm
Roller lever, adjustable Roller lever, adjustable Roller lever, adjustable Roller lever, Top plunger, top
roller lever, adjustable roller lever, top plunger, roller lever, top plunger, adjustableroller lever, | roller plunger, top arm
rod lever, fork lever sideroller lever, coil top roller plunger, coil top plunger, top roller | lever
lock, top plunger, top spring. spring. plunger, coil spring.
Actuators roller plunger, sideroller
plunger, top ball
plunger, side ball
plunger, coil spring
Apprpved Standards and UL.CSA.CE UL.CSA UL.CSA.CE : UL,CSA,CE,BIA,SU
Markings VA
. 360g (with VCTF3m)
Weight (Approx.) 62gto 729 719 540 (with VCTF 5m) 14gto 21g 2859
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Basic Switch
Classification Actuator And Their Functions: Basic Switch
Panel
. Slim Spring Short Spring Panel M ounted Hinge
Pin Plunger Mounted
Plunger Plunger (Cross) Raller Lever
Plunger
Plunger
Shape <]
Pretrav
(P% avel Small Small Smal Small Small Large
Overtravel . . .
©T) Small Medium Medium Large Large Medium
Operating Large Large Large Large Large Small
Force (OF)
Accuracy *k/hkhkkk | kkk %k k %%k k * k& *
Vibration/
2 8.8 ¢ ¢ * % Yk % % %k * % *
Shock
Idedl for straight Used in the same Overtravel (OT) is | Hasthelargest A panel-mounting | Usewith alow-
movement with a way asthe pin the same asthe overtravel (OT) of | plunger actuator speed, low-
short stroke. Best plunger actuator, slim spring al straight with aroller torque cam.
in detecting the except the plunger. The movement attached. Ideal for | Thelever can
position of an overtravel (OT)is | plunger heightis plungers. Mount being driven by a bein various
object in terms of larger thanthat of | short. The plunger | with the hex nut of | cam or dog. The shapes but must
accuracy. the pin plunger head sizeis lock nut to a overtravel (OT)is | berigid
However, hasthe actuator. The designed larger to | panel. By slightly smaller enough.
smallest plunger head size | simplify contact adjusting these than the panel
overtravel (OT) of | isdesigned abit with the center of nuts, the desired mounting plunger
Features all actuators and larger with respect | the plunger. mounting position | but it can be
thus need an to the actuator can be achieved. adjusted by
accurate stopper. size. To avoid an Operated changing the
unbalanced load, manually or mounting position
the operating force mechanically. in the same way as
has to be applied the panel-
to the shaft center. mounting plunger.
This plunger can
also be mounted
with the roller
crossed.
Note: % Fair, % XFine, Glok X Fekoak gt
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Basic Switch
Classification Actuator And Their Functions: Basic Switch
Reverse
Hinge Roller O”‘?Way. Re_verse_ Operation Short .
Operation Hinge | Operation Hinge . Flexible Rod
Lever Hinge Roller
Roller Lever Roller Lever
Lever
' :.
Shape :
';%r avel Large Medium Medium Small Large
%/%travel Medium Medium Medium Medium Large
Operating , ,
For ce (OF) Small Medium Medium Large Small
Accuracy * * * * *
\S/':br ation/ * * *%k *%k *
ock
A hinge lever actuator | Hingeroller lever Rollerisadded tothe | Shorter type of Operatesin al
with aroller. Ideal for | type. Detection for above type. Suitable reverse directions 360°C with
being driven by high- | only one way for cam operation. hinge/roller/lever avery light torque.
speed cam. direction. Can be used | Superior in anti- type. Larger operation | ldeal for applications
for anti-reverse vibration and impact force. Suitable for where high precision
operation in afree condition. short stroke cam and high sensitivity
Features operation. Superior in | arerequired.
anti-vibration and
impact in free
condition.
Note: % Fair, % %Fine, Gk, % koo dnt
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Limit Switch
Classification Actuator And Their Functions: Limit Switch
Roller Lever Adjustable Adjustable Fork Lever Plunger Roller
Roller Lever Rod Lever L ock 9 Plunger
o W g
Eg%r avel Small-Large Small-Large Large Large Small Small
(Oov_?;travel Large Large Large Medium Medium Medium
Operating Medium Medium Medium Medium Medium Large
Force (OF)
Accuracy Yok ke kok | dedkk/kokkk | hdkk % % %k * % * %
Vibration/
Shock *k * kK %%k % % % *k * %
Environmen-
tal Resigance | XXX * kK Fdedk * kK *k *k
Theroller leveris | A roller lever Convenient when During operation Highly accuratein | A widerange
convenientinthat | actuator with an the width of the the lever rotates detecting the of useswhen
thelever strokein | adjustablelever work areaiswide | by itself up to status of oil mounting with
the direction of attached. When or the shape of the | 55°C, and holds pressure and/or air | theauxiliary
rotation hasa thisfeatureis put work is uneven. that position. Can | cylinder operation. | actuatorsand a
range of 45 to to good use, the Therotating be operated by a (Mount the switch | cam, adog, or a
90°C. Thelever work can be torqueislowest single dog securely avoiding | cylinder.
Featur can be set at any detected roughly. for theroller lever | reciprocating an unbalanced Highly accurate
eatures position within limit switches. operation or by load according to in position
360°C. High The rod length two dogs when the | the movement of detection.
sensitivity with a and bending can position of the the operating
wide angle. This be adjusted easily. | rollersis shifted. object).
can be used with a
wide range of
positioning during
work detection.

Note: % Fair, % WFine, Ghok, %

ket
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Limit Switch
Classification Actuator And Their Functions: Limit Switch
Ball Plunger Coil Spring Hinge Lever H'”EZ\ZO”H Roller Arm
::
Shape -E- : f
I(DFE%r avel Small Medium Large Large Medium
(OO"%”""VQ' Medium Large Medium Medium Medium
Operating || 00 Small Small small Medium
Force (OF)
Accuracy * %k * * * *
Vibration/
Shock *k * * * *
Environmen-
tal Resistance | X% F K *k *k *kk
Sincethe plungerisa | Ableto operatein al Used with alow- A hinge lever actuator | Can respond to awide
steel ball, the direction 360°C speed, low torque with aroller attached. | range of operating
operating directionis except on the shaft cam. Thelever canbe | Ideal when being directions with the
not restricted. center. The operating in various shapes but driven by ahigh- adjustableroller.
Convenient when the force required isthe must berigid enough. | speed cam.
mounted surface and smallest available
operating direction relative to the limit
vary, or when the switches and thus
Features cross-operation of the | effective for detecting
two are required. works using different
Sincethe dog angleis | directionsand shapes.
small, the work The wide range of
surface requires the work is possible
proper frictional because the overtravel
properties. (OT) is absorbed by
the actuator.
Note: % Fair, % % Fine, Gk, % WEkuak dnt
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2-9 Application

Conveyor Control

) Hopper
Stir Supply

U /:ﬁﬁ////////@f//ﬁ

e e
l/s Y vvner Slal Q
S P work, the whole
N < process gets
Control started.

%Q ok

Inspectio ////

Others

Vending Machine

Micro switch
Push-button switch

Push-button switch

ONtro
device Detection
“(No. of coin)

Detection
«(small change)

Card-type
public phone

Detection switch
(Card insertion)

S Car
Detection switch Detection Switch .y Detection switch
(Daoor open/close) (Coin case) ; (Card gjection)
Mou
Detection switch g,:,lﬁtcﬂ Camera SE/\
(pressure section 0

upper/lower
stroke limit)

0 /
%43‘/

. Push-button switch
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3-1 What isa Relay?

Imagine the track and field relay race we all participated during school sports days. In track
and field competitions, arelay is arace whereby arunner runs to the next and hands him a
baton, and the next runner repeats the process until the anchor runner gets hold of the baton
and dashes across the finishing line.

Therelay of regulating machinesis exactly the same. Instead of baton, however, switches
receive “electrical signals’ and transmit them to output sections, e.g., motors.

>
Limit Switch First Runner Second Runner  Anchor Motor
N — ]
Relay

Input |—— | Control |—» Output

Can you recall what you have learned about “ electromagnet” in your science lessons?
By coiling copper wire around a piece of iron core and charging it, the iron core becomes
magnetic. In fact, this principle of “electromagnet” is being adopted for the relay.

* Electromagnet

Iron piece

Iron core — *

When current flows to the coail, the iron

core is transformed into a piece of

electromagnet. As a result, the iron piece

—o in front of the iron core becomes
Switch attracted toit.



Relays Section 3-2
3-2 Types of Relay

3-2-1 General Relay (Hinged Relay)

Thisisasmall relay which is most widely used in industrial machines. Taking this type of
relay as an example, let us study the relay in detail.

« Principlesof therelay

When | am
charged with
current, 1 will
attract theiron

; When current flows to the coil in the
piece.

relay, the iron piece will be attracted
and the contact will be switched as a
result.

r:/j Coil section®>
Ls

Contact
section
e Structureand operation of therelay
Reset spring Hinge
( ==\
/
Caoil Movableiron piece
iron core — 1T Movable contact ¢

Cail . Stationary contact b
terminal

Stationary contact a

Operation: When the coil section is charged, the movable iron piece will be attracted to the iron core of
the coil section by the force of the electromagnetic, with the hinge serving as the fulcrum. Asa
result, movable contact c is switched from the position of stationary contact b to stationary
contact a.

Reset: When the voltage to the coil section is cut off, the movable iron piece will be returned to the
original position by the force of the reset spring. As aresult, movable contact ¢ is switched
from the position of stationary contact a to stationary contact b.
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Characteristics of therelay

1. The coil section and the contact section
are completely insulated. They are

independent circuits.

The coil section and the contact

section are completely independent

circuits. Thus, DC load can be
connected to AC relay

Contact

section

2. A singleinput signal to the coil section
triggers (control) the open-close action
of multiple circuits simulanteously.

If itisaswitch, it can only be
connected to one load, but arelay
can be connected to four loads.

LAMP  FAN

The external appearance of general relays

MY 2 type LY4 type

These relays are small and suitable for
small-medium load (1-10A). They are used
for various purposes, e.g., they are used in
control boards and incorporated in robots.

Terminal placement/internal connection diagram

section ——

Caoil
sectio

N.C l a
N.O |~
cou |4
o
n—,/___

(BOTTOM VIEW)

Thisdiagram is drawn on
top of arelay case. What
is the contact structure of
therelay like?

\

b

(7
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3-2-2 Other Relays

1

Contactor (plunger-type relay)

LC1-D type

Compared with the hinged type, it is bigger and more sturdy. It
has bigger contact and wider contact distance to allow open-
close action for more amount of current (approximately 20A-
600A).

PCB stands for printed circuit board. As circuits
are printed, there is no need to wire them one by
one.

Flat type Vertical type Cubic type

aoueseadde puselxg

(Flat) (Vertica length) (Square)

*  Characteristics of PCB
Asitsinstallation is automated,
1. Thecostislow (no need for manual wiring)
2. Reiable (no wiring error)
»  Examples of application
Electronic carpet
Switch for heater

PCB relay can
be used on
application that
‘are extremely
compact

Q00Qjee
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3. Solid State Relay (SSR)

SSR stands for Solid State Relay. It is different from conventional relaysin that it uses semi-
conductor and is contact-less.

e Principle

______ || o °

Input ey < N Zero Trigger| Triac r %_1 Snubber  Output

terminals Input Circuit -l > / cross circuit : !circuit  terminals
S d circuit el Xl

O

AC Load : Triac Output

Photocoupler

o
—————— . O
- Input Circuit circuit : A tromotiveforce ?
terminals P > J J. transistor protectivediode  terminals
______ O
O

DC Load : Transistor Output

* Characteristics
» Asitiscontact-less, it does not suffer from the wear and tear of a contact. So, it enjoys
alonger life span (maintenance free).
» No operation sound as it has no mechanical movement.
* High-speed high-frequency operation* is possible as it has not mechanical movement
(on/off by light).
» No faulty contact asit is contact-less.
» Example of application * |t means more frequency per unit of time.

Traffic light: on/off of red, green and yellow lamp.

A traffic light repeats on /off
actions for approximately
45,000 times a month. So
SSR iswidely adopted here.

\
L
e

I/O terminal series H

I/O stands for Input and Output respectively. This compact
terminal packs common relay (or SSR), transistor and socket
for input or output.

The use of this terminal saves space and the need for wiring.

G7TC relay termina
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3-3 Useful Glossary About The Relay
331 Contact of relay

e Structure of a contact

Contact a Contact b Contact ¢

o o ® o —o/

*PCBreay: .ococevvveeee Therearevarioustypes of contact 1alb, and contact 1c.

General réelay: ............ There are so many combinationsfor contact 1c, 2c, 3c, 4c and c.

Contactor: ... There are also many combinations for contact a and contact b, such as
contact 3a+1a, 3a+1b, etc.

+ Number of contact poles
The number of contact poles determine how many circuit arelay can makes and breaks (e.g., 2 poles, 4
poles).

+ Rated current
Thisrefersto the amount of current allowed to flow to a contact.

« Shape and material of a contact
The basic shape and material for arelay contact is single contact (standard shape) and silver (Ag)
respectively.

I

)
Magnified view
]I I | — of acontact

However, special shapes and materials are required for relays used to make and break a small amount

of current.
(1) Shape of contact (2) Materials of contact
¢ Apply gold (Au) on the contact
Twin contact Twin close-bar contact surface of silver contact, or
* Usesilver paladium (AgPd) for the
contact, etc.
++» On the other hand, to open-close
| large amount of current, silver indium
tin (AginSn) may be used for the
contact.
Better reliability compared Better reliability compared
with single contact with twin contact. Suitable
for micro loads (widely used
for PCB relays)

45



Relays

3-3

Section
L oad
Resistance load Inductive load
| |
(A) (A)
2A 2A
0 o]

—t

-t

Thisis aload to which current of a constant
value flows when the voltage is applied, e.g.,
heaters.

Thisisaload to which alarge amount of
current flows instantly when the voltageis
applied, e.g., motor, solenoid and relay.
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332 Relay Coil
Maximum allowable voltage
ae (%) Cannot apply voltage higher
""""""""""""""""""""""" than this level
Ragedvoltage 100 r==-=-—=~— — sl — — = = = - = — — - — — - —» Thisisthe most suitable level of
Voltage voltagg which can maintain
operating states
? Operatingvoltage | £ e Ao — Operate below this voltage level.
Operating point
II
/
I’
,l Return point
Return voltage e e L LT T ==== —* Return above this voltage level.
0 /! A
— Time
The coilsused in AC relays and
DC relays are different and cannot
be shared.
Please select one that matches the
voltage used by customers.
3-3-3 Performance of relays

Life Span

Mechanical Life Span

o o

Electrical Life Span

J—{ —o
Voltage

JIASN

3

Voltage

Thistefersto thelife span when rated voltage
is applied on the coil and the contact is
open/closed under aload free state.

Thisrefersto the life span when rated voltage
is applied on the coil and the contact is
open/closed with rated load applied.
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3-4 Exercises

Relay operation checks

.
(o
oo

Termina placement/internal connection diagram

LS o i 2, MY4N Type
24VDC

(BOTTOM VIEW)

Contents of exercise
Carry out wiring with therelay (MY). Press the switch and consider the circuit of the lighted
lamp.
At the same time, check the switch-over of the relay contact.

Method: 1. Consider the circuit of the lighted lamp which makes use of the relay. Carryout wiring as
shown in the above diagram.
2. Carry out wiring.
3. Pressthe switch and check that the lamp comes on.
Check the movement of the contact of the relay at the sametime.

Study: Try and build a circuit whereby the lighted lamp will be turned off when the switch is pressed.
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3-5 Pointersfor Selection
* Important pointers
—@ L Contact e —e 2. Coil —
il
=
e Current to the contact? =
(contact volume?) -
e Contact pole?
(How many circuits are required?) e ACorDC?
»  Load connected to the contact? e Coil voltane?
(Inductive load or resistance |oad?) age:
e For micro load?
3.Size 4. Ingtallation
—@® [ 4 —® [ 4

* Any sizerestriction?

« Important pointers

1. Environment

—®
[} Gas

¢ Usehermeticaly ayéforlocaiionsexposed

to gasor dust.

Socket mounted or direct connection?

—®

2. Lifespan

Genera @
relay

the price as
well!
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« System diagram of relays

We have seen and learned various
types of relays so far. Let’s stop for
awhile and look back. Indeed, the
most critical factor for selecting a
relay is the amount of current
which flows to the contact.

\

Contactor =\ [\ '
=|= i
leoJ 1 ‘
;
(]
]
T i
External '
dimension General relay !
Eg. MY LY '
:
|
PCB relay j |
E.g., G2R o I
GeB 'ARL) :
GA !
i
i
Vo |
! ]

1\
: !
' 1
! 1
: :

]
= :
i 1
Current - T T N T

10mA 1A S5A 10A 600A
P ¥pose Electronic circuit / Qpnll ence / Motor, heater etc
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Relays
L General - Purpose Relays
Classification
MY LY MK-1
i '..| \E ."_ ¢ i
M odel
=13 ﬂ JH fa s
'] = 7
Features « Versatilerelays, ideal for « Compact, general-purpose * Exceptionaly reliable relays
power and sequence control relays equipped with arc which feature mechanical
applications, meeting many barrier ideal for many indicator/test buttons
other application requirements applications.
Cail Ratin Rated 6to 6to
g voltage 6 to 100/110vVDC 100/110vDC | 100/110VDC 6to 110vDC
6 to 220/240VAC 6to 6to 6 to 240VAC
220/240VAC | 200/220VAC
Power DC:0.9W DC:0.9W DC:15W DC:1.5W
consumption | AC:0.9to 1.2VA Aot | AeS | AC:23VA
Con_tact Contact DPDT 3PDT 4PDT DPDT 4PDT DPDT 3PDT
Rating Form
Material Au-
Ag plated+Ag AgCdO Ag
3Aa
5A at 24VDC | 24VDC 10A at 240vVDC 10A at 28VDC
Rated Load | 55 4 200vac | 3aa 10A a 110VAC 10A at 250VAC
220VAC
Max.
Switching 5A 3A 10A 10A
Current
Life . 50x10° (AC);100x10° 6 , 6 6
Expectancy Mechanical (DO) 50x10° (AC);100x10°(DC) | 10x 10°(AC)
Electrical | 50x10° | 200x10° | 500x10° | 200x 10° | 100x 10°
Dielectric | Between Coil | 5 530\/a ¢ for 1 min. 2,000VAC for 1 min. 2 500VAC for 1 min,
Strength and Contact
Between
CS omadt of | 1,000vAC for 1 min. 1,000VAC for 1 min. 1,000VAC for 1 min.
Polarity
Ambient Temperature -55to0 70°C -25t0 55°C -25t0 40°C -10to 40°C
Variations * Plug-in/Solder * Plug-in/Solder terminal | « Plug-in terminal with
terminal - Plug-in/Solder terminal mechanical indicator
* Plug-in/Solder with LED indicator
terminal with LED
indicator
Socket PYFO8A-E, PYFOBA-P, PTFO8A-E, PTF11A, PFO83A-E, PF113A-E

PYF11A, PYF14A-E,
PY F14A-P, PY 08-0,

PY 14, PY14-0

PTF14A-E, PT08, PT14

Weight (Approx.)

359

40g 709

85¢g

Approved Standard &

Markings

UL,CSA,LR,EN/IEC,CE

UL,CSA,SEV,IEC\VDE,L
R,CE

UL,CSA,SEV,.DEMKO,NE
MKO,SEMKO,VDE,EN/IEC
,CE
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Relays
L General - Purpose Relays
Classification
MYK MKK G4Q G7L
~ e 3 1 -d_ =
M odeél 'y .,l'"* = ) P I ! w B
aup b P | == .
Features « Magnetic latching * Special magnetic * Unique ratchet * A high capacity, high
relaysideal for material ensureslong mechanism assures withstand voltage
memory and data continuous holding positive dternate relay compatible
transmission circuits time transfer/switching with momentary
operations voltage drops
¢ Quick response speed
allows continuous use
of therelay
Coil Rating | Rated 6to24VvD 6to 100vDC 6to 200vDC 6to 100vDC
voltage 6 to 1000VAC 6 to 200/(220)VAC | 610 200/(220)VAC | 6to 200/240VAC
Power Set: DC:1.3W Set: DC:2.3t0 2.7W
consumption AC:0.6t0 0.9VA AC:1.5t0 2VA DC:3.9W DC:1.9W
Reset: DC:0.6W Reset: DC:05to 1.2w | AC:6.4VA AC:1.7t02.5VA
AC:0.2t0 0.5VA AC:0.1t0 0.7VA
Contact | Contact DPDT DPDT DPDT DPST-NO
Rating Form
Material Au-plated+Ag Ag Agadloy Ag aloy
3A at 24vDC 3A at 24vDC BA at 24vDC
Rated Load | 35 5 200vac 5A at 220VAC 5A at 220VAC 25A & 220VAC
Max.
Switching 3A 5A 5A 25A
Current
Life Mechanical | 100x10° 5x10° 5x10° (Step) 1x10°
Expectancy | gectrical 200x10° 500x10° 500x10° (Step) 100x10°
Dielectric Between Coil 1,500VAC for 1 min. 2,000VAC for 1 min. 2,000VAC for 1 min. 4,000VAC for 1 min.
Strength and Contact
Between
ConteaCt of 1,000VAC for 1 min. 1,000VAC for 1 min. 1,000VAC for 1 min. 2,000VAC for 1 min.
Polarity
Ambient Temperature -55t0 60°C -10to 40°C -10t055°C -251t0 60°C
Variations * Solder terminal e Plug-intermina with | ¢ Plug-in termina ¢ Quick-connect
. ) . mechanical indicator terminals
¢ Plug-in terminal with
mechanical indicator
Socket PYF14A-E, PF113A-E 8PFA1, PLO8 -
PYF14A-P, PY 14
Weight (Approx.) 30g 859 3409 90g
Approved Standard & - - - UL,CSA EN/IEC,
Markings VDE,CE
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Relays
— PCB Power Relays
Classification
G2R G5L G6B G6D
PV ES
Features « A high withstand * A cubic, single-pole e Subminiature relay e Slim, miniature relay
voltage general- PCB power relay that switches up to 5A capable of relaying
purpose PCB power programmable
relay controller and
temperature
controller outputs
Coil Rating | Rated 5to 100VD
voltage 12 10 200/(220VAC 5t024vDC 5t024vDC 5t024VvDC
Power DC:530mwW
consumption | AC:900mVA 400mwW 200mwW 300mwW 200mwW
Contact Contact SPST-NO | DPST-NO
i - SPST-NO | DPST-NO -
Rating Form POT DPDT SPST-NO SPST-NO
Material AgCdO AgCdO AgCdO AgCdO
10A at 5A at
30VDC 30vDC 5Aat 30vVDC 5A at 30VDC 5A at 30VDC
Rated Load | jp5 5 5A at 5A a 120VAC 5A a 250VAC 5A at 250VAC
250VAC | 120VAC
Max.
Switching 10A 5A 5A 5A 5A
Current
Life Mechanical | DC:20x10°AC:10x10° | 10x10° 50x10° 20x10°
Expectancy | gjectrical 100x10° 100x10° 100x10° 100x10° min (5A load)
300x10° min (2A load)
Dielectric Between Coil 5,000VAC for 1 min. 2,000VAC for 1 min. 3,000VAC for 1 min. 3,000VAC for 1 min.
Strength and Contact
Between
ContéiCt of 1,000VAC for 1 min. 750VAC for 1 min. 1,000VAC for 1 min. 750VAC for 1 min.
Polarity
Ambient Temperature -40to 70°C -25t0 70°C -2510 70°C -25t0 70°C
Variations « Flux-protection » Flux-protection . D_oub_l elsingle- e Plastic-sealed
« Plastic-sedled . Plasic-sedled winding
* Plug-in terminal +  Plug-soldered type *  Plastic-sealed
e Plug-intermina
Socket P2RF-05-E, P2RF-08-E | - P6B-04P,P6B-26P P6D-04P
Weight (Approx.) 179 12g 3.59 39
Approved Standard & UL,CSA,SEV,SEMKO, UL,CSA,IEC,VDE,
Markings EN/IEC VDE.CE UL,CSA,|EC,VDE,CE SEV CE UL,CSA IEC,VDE
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Relays
R Solid State Relay
Classification
G3F/G3FD G3NA
Model 41 \iq- -
i h,ﬁ -;?;f =
« Wide voltage range  Built-in varistor absorbs external surges
Features i ) ) o o )
¢ Termina compatible with MY relays Operation indicator enables monitoring operation
410 24VDC, 510 24VDC 5t024vVDC
Rated Input voltage 100/110VAC, 200/220VAC 200 t0 240VAC 100t 240VAC
Insulation Photocoupler Phototriac Photocoupler
Load voltage | 75to 264VAC 19to 264VDC 180to 528VAC
Max.
Switching 3A 40A
Output Current
L eakage at 100VAC: at 200VAC:
current at 100VAC:5mA max. 5mA max. 10mA max.
at 200VAC:10mA max. at 200VAC: at 400VAC:
10mA max. 20mA max.
Didlectric Strength 1,500VAC, 2, 500VAC,

(Between input and output
terminals)

50/60Hz for 1 min.

50/60Hz for 1 min.

Ambient Temperature

(Operating) -30to 80°C -30to 80°C
Variations * Plug-in terminal +  Panel mounting

e Screw Termina
Socket PY FOBA-E, PY08,PY FOBA-P -
Weight (Approx.) 50g 60g 80g
Approved Standard & UL,CSA EN/IEC,VDE,CE
Markings
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Relays
— Solid State Relay
Classification
G3PA G3J-S
. g .
1 % -y - e,
Model s i) ol L
el B it ] L,
e tr,! - =13 |
'l.':'l L= it |
il . i ¥| S ¢
« Extremely thin relays integrated with a heart sink « Motor starts smoothly with the soft-start function.
Features » Subminiature, thin profile

« Replaceable power cartridge

Rated Input voltage 5t024vDC 12t0 24VvDC
Insulation Phototriac coupler Photocoupler Phototriac
Load voltage | 19to 264VAC 180 to 528VAC | 200 to 400VAC
Max.
Output Switching 10A | 20A 40A 20A 30A 11.1A
Current
L eakage at 100VAC: | at 100VAC: | at 200VAC:
cur rengt 5mA max. 10mA max. | 10mA max. at 400VAC:10mA max.
at 200VAC: | at 200VAC: | at 400VAC:
10mA max. 20mA max. 20mA max.
([I)BEStSthegwcﬁp:S? gtnhd output 4000VAC, . 2,500VAC, .
. 50/60Hz for 1 min. 50/60Hz for 1 min.
terminals)
Ambient Temperature -30t080°C 1200 60°C
(Operating)
Variations ¢ Track mounting e Track mounting
e Screw Terminal e Screw Termina
Socket - -
Weight (Approx.) 260g | 340g | 460g | 380g | 5009 | 730g
Approved Standard & UL,CSA,EN/IEC, _
Markings VDE,CE UL.CA

56



3-6

Section

Relays

Product Positioning

R
i i i iy
I
1 i i i
i 1 i |
N B R
i 1 i [
1 | 1 I
i 1 i i
1 ! 1 1
B L
i i i i
1 1 1 1
el e L
1 1 ! L
L
-
L 1 I I
i
1 L ] i ks
L -_ 1 bl
[ I 1 ]
;R
[ [ i i £
1 ! 1 (]
i | i gk
L
-
e
L
SrTTT T 0 OE a
1 i (] [
N S
bt
[ ]

- -
W
5

it Commsl
(OPDT;  Farm

e e e

ang
1o 2
{5FOTy DPSTHD  (DPSTHC)

1alb
MOPET-MO, HC

el

1
1

g - .
1

g

e

Max.
Switching

Relays

L e B I e el e

&)

D T e e e L

ol

M-k === ===

M FPm = mpFss s e - o= - ————

57



3-7

Section

Relays
3-7

Application

‘ Directional signals for I
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Timer Section 4-1

4-1 What isaTimer?

A timer keeps track of time and provides certain notifications or carries out certain functions at

a predetermined time.

ot to wal
for 10 more
minutes

As shown in the following drawing, when atiming isinput, the built-in contact executes a
switch-over at the programmed time (operation time). (=time up)

Thisiswhat
| do.
(]
e ~
¢ ¢

©

Input ,:> n O 0—0 l_—_> Output
Timer ~ ©
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4-2 Electronic Timer

An electronic timer makes use of electronic circuits to keep track of time.

= Principleof structure and operation

Input Built-in relay
3 }
o\c 5 Output

The contact switches over at programm?}ime.

OO0
_|
\ e || g |
‘»\4 right %
\_ J L_|

. Programming method
Select one of the two programming methods according to the purpose.

Analogue setup Digital setup

(I Y I

Easy setup _l.l 1 ,'

Fine-tuning > e « Precise operation
. time (=high

|9|9 |9 |9| precision)

Low price ), 217 1]

< Zero setup error

Example

-

H5CN t§/pe
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A timer isuseful in the following situations
A timer servesto fulfill various purposes.

g

When you need to
change the on/off time
respectively to
automatically start/stop
the machine.

= Twin timer High frequency repetitive
operations can be carried out with
one unit of timer. The On and Off
timer can be programmed

respectively.*
Off display .
Display of
H3CR-F type ti mqg l‘%t
On display %
| Knob for
setting On
time

unavailable at the
vending machine

before the working
hour every day.

= Timer switch

There are daily timer switches which execute predetermined operations
daily and weekly timer switches which execute predetermined operations
weekly.

Thereare 1, 2 and 4 circuits for output. On/Off times can be programmed
for each output.
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4-3

Useful Glossary about the Timer

A timer does more than keep track of time and outputs. It has various functions. Let’s take a
look at what atimer can do here.

= Operation
Various operations can be performed depending on when the timer starts counting the time.

On-delay operation
After the power is on, the contact is switched over after alapse of time (delay).

Power on

7777

Time up
Output —le \4

(Contacta) O O- Delt % A
ay 1

Input
(power source)

—

eneraly, it
performs this
function.

Time delay/Self-respect
(The timer starts as soon as the power is on.)

*Time delay: after the programmed time.

Off-delay operation

After the power is off, the contact is switched over after alapse of time (delay).

After the power is off, the equipment
runs on the electricity stored in the
condenser.

Power on

Input W

(power source) ' = Time up
1
1 ‘:)
1

v
Output 1 —
(Contact &) _OVO_
Delay
Instant action/delay reset

(Thetimer starts as soon as the power is off.)

*  There are other operations which are not triggered by the power. Instead, on-delay operations and off-
delay operations are executed based on start signals received (on-delay operation signal, off-delay
operation signal).
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* Time Chart
All timer operations are expressed by
Thisisknown asthe “Time Chart” or the “Operation Chart”.

*For the time chart, the y axis indicates the “ operation state” while the x axis, the “ passage of time’
(second, minute, and hour).

OFF — Time

Flicker Operation
After the power is on, the contact switches over repeatedly at a constant cycle.
Power on

v
Input Y7z

(power source)

t e 12 t !

Contact o —t
(contacta) -0 ©O- Z
Time delay/delay reset

Multiple Operation
A single unit of timer can handle multiple operation functions.

‘ OLeraIion function J:‘ H N

change-over switch

H3CR type H3CA type

delay, and flicker, etc.
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Time T

= Time

Time Specification
Thisrefersto the time which can be counted by a unit of timer.

There are various
types of time
specification

even for the
timers of asame
series.

Multi-time
By changing to a switch with a scale numbers or time unit, a single unit of timer can also be used to handle a
wide range of time specifications.

H3CR-A type
Scale numpmeunit | e min hrs X 10h (hours)
1.2 | §]0.06~1.2 0.12~1.2 1.2~ 12
3 =y 0.3~ 3 3 ~ 30
8
12 3 1.2~12 12 ~120
30 3 3 ~30 30 ~300
By switching o scale number display and time unit display, which are =
located at the lower |eft and lower right of the timer (at the front) omkon HICA
respectively, 16 combined time specifications can be selected. Scale number Time unit
change over switch change over switch

10HF /- <

Q¥ o

s ]
J | '

ith amulti-time
timer, one unit is
enough

- =
» @

By changing the —
switch, various

0
[ 8W-nnw e Jo-

timings can be
v handled. ”
changed according S
to thetimeto be 0.058 ; Q ?
elapse (H3CR N\-

65



Timer

Section 4-3

=  Power

Rated voltage
There are dedicated AC timers and DC timers. An appropriate format must be selected according to the

power used.

_r vvvvvvvvvvvvvvvvvvv L I TR l""}, =4nmll T
; ~ AC ] ] }
....u""ll-mm""il.m.l""“l,.ml"'"ll..mll"“} 1 e T T T ..ll""j

| can only
connect to DC

Free power source
There are also some timers, known as AC/DC free power source, which can be used for AC and DC.

Eg‘m.bl"“'lu....cl"“'u‘.... L O LT TP TN LT PN A T L MO L e n'"--n.....a""}.
i i
{ AC/DC Free #
< %
i ;
BT T L P R T LT T L R T

O

| am on good
terms with both

N

’Q/I\Q
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Timer Section 4-4

4-4 Assembly Exercise

= Power on delay

Connection diagram

615/4]3
r
OO OO
O O O
0O
L L1
L—O—*}—O--O—O o Tig m—— ;c §t .....‘.g
PB

Contents of exercise:
To understand the operation of power on delay timer using the time chart.

Methods:

Make use of H3CR-A8 type power on delay timer and set the operation time to 3 seconds.
Wireit up as shown in the connection diagram.

Switch on and off the timer power source PB1 and operate it as shown in the following
time chart.

4. Record the result in the following timer chart (operation of output contact a)

wN e

Exercise result
(Time chart) Power Je——5Hs—> — 315~
source ON OFF 7
JL
oy T
Output R T A
Operation time contact a -o_co- T R T R S S S A b} R R :_
3s
Study:

1. Pleaseexplain the power on delay timer operation using the time chart.
2. How should it be wired so that the lighted lamp will go off after the operation time.
3. Changeit to the digital timer and study it (H5CL type).
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Timer

Section 4-4

= Power off delay

Connection diagram

Contents of exercise:
To understand the operation of power off delay timer using the time chart.

Methods:

1. Make use of H3CR-H8L type power off delay timer and set the operation timeto 3
seconds.
Wireit up as shown in the connection diagram.
Switch on and off the timer power source PB1 and operate it as shown in the following
time chart.
4. Record the result in the following timer chart (operation of output contact a)

wnN

Exercise result

(Time chart) Power , 5s s

source  ON OFF 7
T
Output — T R
Operation time contact a —©." O~ RN S Y SN S S TN S ) N S S S S

3s
Study:

1. Pleaseexplain the power off delay timer operation using the time chart.
2. Why isthe timer functioning after the power has been switched off?
3. What kind of devices uses off delay timers?
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Timer

Section

45

4-5

Pointer for Selection

* Operation
What kind of operations are required?

On delay
Off delay

Repetitive action
Multi-operation

e Time specification ¢

What is the range of programmed time?

Seconds, minutes, hours
Multi-time

Thisisrecommended if
several types of time
settings are to be
programmed.

e Program method ¢
What kind of setting is better?

* Pricee
What is your budget?

e Resolution e

High precision digital setup ¥
Simple analogue setup
\
i 1. ACor DC?

1. Size? AC

N o . DbC Battery

?

2. Body length? oy AC?DC Free Q

Short - Others . 2. Rated voltage?

Y De
QI E I J 4/'!’
“—

Py

What is the smallest time division
required?

0.001s
0.01s
0.05s
0.1s
1.0s

«Acedracyof operatimg Times

The Accuracy of Operating Time varies
differently for different models.

eg. +0.01%
eg. *0.05%
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Timer Section 4-6

4-6 Omron Models

Classification Solid State Timer

Model H3CR-A H3CR-F H3CR-G H3CR-H
Multi-function . . . .
Operation Twin Operation Star-deltaOperation | OFF Delay Operation

Appearance

Dimension 48X 48X 52.3 48 x 48 X 52.3 48 x 48 X 63.7 48 x 48 X 63.7

(W xH xD) mm

Features = Widerangeof ACor DC | = Independent ON and = Long Power-OFF delay | = Long Power-OFF delay

supply voltage OFF settings enable time range time range

= Enable sequence checks

Long ON and short OFF

through instantaneous or vice versa
contact.

Operation Modes ON Delay, Flicker OFF start, OFF Delay

Flicker OFF/ON start, Flicker ON start
Time Range 0.05 sec. to 300 hrs. 0.05 sec. to 30 hrs. 0.05 sec. to 120 sec. 0.05 sec to 12 min.
Accuracy of Operating | £0.3% FS max. +0.3% FS max. +0.3% FS max. +0.3% FS max.
Time
Supply Voltage (AC: 100 to 240VAC, 100 TO 240VAC, 100 to 120VAC, 100 to 120VAC, 200 to
50/60H2) 24VACIDC, 12VDC, 48 | 24VAC/DC,12VDC, 48 | 200to 240VAC 240VAC, 24VAC/DDC,

TO 125VDC t0 125VDC 48VDC, 100 to 120VDC
Power Consumption 0.18VA, 0.25VA,

10VA, 2VA, 1W, 1.5W 10VA, 2VA, 1W, 1.5W BVA/2.4W,12VA/2.6W 0.24VA/140W, 130mW,

300mw

Input Signal Start, Reset, Gate
Contact Time-limit DPDT SPDT DPDT SPST-NO STST-NO DPDT SPST
Configuration | Instantaneous | --- SPDT - SPST-NO - -
Control Output 5A at 250VAC 5A at 250VAC 5A at 250VA 5A at 250VAC
L ife Expectancy 20x10° operations 20x10° operations 20x10° operations 10x10° operations
(mechanical)
Weight (approx.) 100g 100g 1209 120g

Approved Standards
& Markings

UL,CSA, VDE,CE

UL,CSA,VDE,CE

UL,CSA,VDE,CE

UL,CSA,VDE,CE

70




Timer Section 4-6
Classification Solid State Timer
Mod€ H3RN H3Y H3G
Miniature Multi-function Subminiature ON Delay Economical ON Delay
operation Operation Operation
Appearance =
i ' -
;| L i
=I5 | | .
1S b
- :
Dimension
(W x H x D) mm 28x12.8x47.4 28x21.5x52.6 30 x 36 x 60
Features = Multi-operation modes and time = Semi-multi supply voltage = Timelimit operation with

range

= Ultra-slim with pin configuration
compatible with Omron slim G2R
Power Relay

= Large transparent time setting
knob

= A flat blade provided for time
setting with Philips screwdriver

= Pin configuration compatible
with Omron slim G2R Power

automatic resetting

Relay

Operation Modes ON Delay, ON Delay ON Delay

Flicker OFF/ON start,

Signal ON/OFF delay, Interval
Time Range 0.1 sec. to 0.1 min to 0.04 sec. to 3 hrs 0.1sec.to3 hrs.

1 min. 10 hrs.
Accuracy of Operating | 1% FS max. +1% FS max. +2% FS max.
Time
Supply Voltage (AC: 24VACIDC, 12VDC, 24VvDC 24,100 to 120, 200, 230VAC, 100/110/120VAC,
50/60H Z) 12, 24, 48, 100 to 110, 125 VDC 200/220/240VAC, 24VAC,

12t024VDC

Power Consumption 0.8VA, 0.4W, 0.5W 1.5VA, 1.8VA, 0.9W, 1W, 1..3W 2.2VA, 1.5W
Input Signal
Contact Time-limit SPDT, DPST-NO DPDT 4PDT SPDT DPDT
Configuration Instantaneous - — -
Control Output 3A at 250VAC S5A at 250VAC | 3A at 250VAC 5A or 7A at 120/250VAC

Life Expectancy
(mechanical)

10x10° operations

10x10° operations

10x10° operations

Weight (approx.)

189

50g

559

Approved Standards
& Markings

UL,CSA, VDE,CE

UL,CSA,VDE,CE

UL,CSA, SEV
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Timer Section 4-6
Classification Solid State Timer
Model H3DE H3CA
Multi-function Operation Multi-function Operation
Appearance R
nen
Dimension
(W x H x D) mm 79x22.5x 100 48 x 48 x 89
Features = Programmable contact enables the building of a Dual AC/DC supply voltage

self-holding relay circuit

= Easy sequence checks through instantaneous
contacts

= Wide AC/DC power supply

= Incorporate environment-friendly cadmium-free
contacts

ON/OFF indicator for control output
Bar indicator for remaining time
Eight operation modes selectable

Operation Modes

ON Delay, One Shat, Interval, Flicker OFF start,
Flicker ON start, Signal ON/OFF delay, Signal OFF
delay

ON Delay, Flicker OFF/ON start,
Signal ON/OFF delay, Interval, One shot

Time Range 0.1 sec. to 120 hrs. 0.1 sec. to 999 hrs.
Accuracy of Operating | £1% FS max. +0.3% FS max.
Time
Supply Voltage (AC: 24 to 230VAC, 24 t0 240VAC,
50/60H2) 24 to 230vDC 12 to 240vVDC
Power Consumption 2t0 10VA,
2.75VA max. 110 2W max.
Input Signal Start Start, Reset
Contact Time-limit SPDT DPDT SPDT SPDT, DPDT
Configuration | nstantaneous SPDT - SPDT
Control Output 5A at 250VAC 3A at 250VAC
Life Expectancy 5 . 6 .
(mechanical) 10x10° operations 10x10° operations
Weight (approx.) 509 559
Approved Standards UL,CSA, VDE,CE UL,CSA,VDE,CE
& Markings
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Timer Section 4-6
Classification Digital Timer
Model H5AN H5F H5S
Multi-function Operation Daily Operation Weekly Operation

Appearance - e P

g

-

B T2a
Dimension
(W x H x D) mm 72x72x 115 48 x 48 x 86.7 72x72x 49
Features = Simultaneous control outputsof | = Precision control of both regular = Different program possible each

both contact and solid-state type
= Draw-out construction allows

maintenance without

disconnecting the wirings

and special half day operation
ON/OFF time

= Multiple day operation with time
or pulse operation

= Timing chart display confirmed
at aglance.

day

= Multiple day operation with
time, cycle or pulse operation

= Easy operation monitor with
timing chart display
2 independent circuit operation

Operation Modes

ON Delay, Cyclic

Timer, Cyclic, Pulse

Timer, Cyclic Pulse

Time Range 0.01 sec. t0 9999 hrs. 24 hrs. 1 week
Accuracy of Operating | £0.01% set time +0.05s +0.01% set time +0.01% set time
Time (power start) +0.05s max. +0.05s
+0.005% set time £0.03s
(control signal start)
Supply Voltage (AC: 100 to 240VAC, 100 to 240VAC 100 to 240VAC,
50/60H Z) 12to 24, 48, 100vDC 24VDC
Power Consumption 10VA, 5SW 2VA 3VA
Input Signal Reset,Gate
Contact Timelimit SPDT, Solid-state SPST-NO SPST-NO X 2 CIRCUITS

Configuration Instantaneous

Control Output

3A at 250VAC

15A at 250VAC

15A at 250VAC

Life Expectancy
(mechanical)

10x10° operations

50x10° operations

50x10° operations

Weight (approx.)

3609

1409

200g

Approved Standards
& Markings

UL,CSA

UL,CSA

UL,CSA
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Timer Section 4-6
Classification Digital Timer
Model H5CL H5CR H5BR H5CN
Multi-function Multi-function Multi-function Time-limit
Operation Operation Operation Operation
Appearance
§ il _—
| | . Ed mm
| 1
4 VoRE TIEE ki
Dimension 48X 48X 785 48X 48 X 69.7 72X 72 % 106 48X 48X 72,5
(W xHxD)mm
Features = Water and dust = Precision control = Contact and solid-state = Wide variation of
protection for severe possible to 0.001 sec. outputs available selection
environment = Selectable time Up or simultaneously
= Simple setting with Down display = Precision control
increment and decrement | = Selectable key protection possible to 0.01 sec
keys level = Selectabletime Up or
= 12 mm height LED Down display
display = Selectable Key
Protection level

= Batch count operation
= Auxiliary power supply
provided

Operation Modes

ON Delay,
Accumulative

ON Delay, Cyclic,
OFF delay, Accumulative,
Interval

ON Delay, Cyclic, Signal
OFF delay, Accumulative
Interval

ON Delay

Time Range 0.001 sec. t0 999.9 hrs 0.001 sec. to 9999 hrs. 0.1 sec. t0 9999 hrs. 0.01 sec. to 99 hrs. 59
min.

Accuracy of Oper ati ng +0.01% set time £0.05s +0.01% set time +£0.5s +0.01% set time +£0.5s +0.01% set time +£0.5s

Time (power start) (power start) (power start) (power start)

+0.005% set time +0.03s
(control signal start)

+0.005% set time £0.03s
(control signal start)

+0.005% set time +0.03s
(control signal start)

+0.005% set time +0.03s
(control signal start)

Supply Voltage (AC:
50/60Hz)

100 to 240VAC,
24VACIDC, 12VvDC, 48
TO 125VDC

100 TO 240VAC,
24VACIDC, 12VvDC, 48
to 125VDC

100 to 120VAC,
200to 240VAC

100 to 120VAC, 200 to
240VAC, 24VAC/DDC,
48VDC, 100 to 120vDC

Power Consumpti on 100 to 240VAC, 24,100 to 240VAC, 24VAC, 100 to 240VAC, 100 to 240VAC,

12t0 24VDC 12t024VDC 12 to 24VDC 12t0 48VDC
Input Signal 10VA, 3W 3VA/IW, 5VA, 2W 8VA, 5W 12VA/2.5W, 2.5W
Contact Time-limit SPDT Solid-state SPDT Solid-state SPDT, Solid-state SPDT, Solid-state
Configuration Instantaneous ——— - - -
Control Output 3A at 250VAC 3A at 250VAC B5A at 250VAC 3A at 250VAC

Life Expectancy
(mechanical)

10x10° operations

10x10° operations

10x10° operations

10x10° operations

Weight (approx.)

AC:130g DC:110g

130g

270g

150g

Approved Standards
& Markings

UL,CSA, EMC, CE

UL, CSA, EMC, CE

UL, CSA, EMC, CE

UL, CSA
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Timer Section 4-7
4-7 Application
On delay operation Off delay operation
o After the power is
On the street switched off, the fan
continuesto run for a
- while to drive out the

fel ’ heat.

0.0

onson)

1]
|
N % |
= Gy
i
I/,

go lift (door open/close)

<Injection molding machine>

Control of injection/
cooling/cycletime

Control of pressti

e at various
places.
AR X
hl N\
On/off time control J \O

= (gatelight)
cz H5F type
@ ’/  timeswitch

—~

Control of heater on/off time
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Section

5-1

What isa Counter?

Literally, a counter counts. It counts signals transmitted by switches.
The counters, which we will be learning later, can,

e display the number of counts

¢ send notifications when the predetermined count is up.

1,2, 3...20 each. |
am bored!

20 unitsabox. | am
precise and never
get tired.
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Section 5-2

Counter

5-2 Types of Counters
Based on their functions, counters can be broadly divided into the “total counter” and the
“preset counter”.

Total Counte
Thiskind of counter counts and displays input signals only.

“ITotal” means the total number of counts.

Display current .
number of visitors H7EC type

Preset Counter
Thiskind of counter counts input signals against a value, which is programmed in advance
(preset). When the preset value is up, the contact in the counter will be switched and signalsis

output.

Display of current
« humber of visitors
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Counter Section 5-3
5-3 Useful Glossary about the Counter

A counter does more than counts and outputs when a preset value isup. Let’s see what elseis
capable of.

(1) Common glossary for total counter « preset counter

Operation method
When an input signal comes in, counter may increase or decrease a value.

Incremental (UP) counter Decremental (DOWN) counter
The counting value increases with r - The counting value decreases with
every single input. o tone ingle i

y singleinp ey (s every sngleinput

Counting %. '2 Counting
input @ . input
Counting Counting;
value value

Some counters can be used both ways.

Additive/subtractive (Up/Down,
Reversible) counter

Thiskind of counter is equipped with both
the additive and the subtractive functions.

Indeed, two types of
input are available.
One of them isused

Addition ,l ,l l f(t)rr1 addmb?n a?_d the
Counting input | | N H other, subtraction.
Subtraction L i ;
] ]
g IRERE
Counting 0 0 [——
value

It can be used to stop a single instance of input (gate), which is useful when counting defective

products.
Signasignored
during gating.

Input prohibition (gate)

Input which instructs the counter to stop taking in input signal during counting.

When CP2 isinput, CP1 will not be accepted. N\ ",
+  UPmode +  DOWN mode \\}?
CP1: count input CP2 gate input (no count) CP1: count input CP2 gate input (no count)
cP1 " CP1 "
L J—r—.w L f—ﬁ—
e e " ﬁ
L L — —_—
5 a1
4 n-2 o
Counting . 3 Counting n-3 Defectiveitems
vaue vaue n-4 smaller than the

requirement will be
gated and not counted

i
0 0
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Counter

Section 5-3

Speed of Counting

Speed of counting refers to the number of counting which can be executed in one second. It
indicates the highest speed which is expressed in Hz.
30 Hz means 30 counts are done in one second while 1kH means 1000 counts per second.

Selecting speed of counting

It isimportant to select an optimal speed of input counting speed.

High speed counting (1kHz, 5kHz...)

Low speed counting (30Hz)

When count input is executed by contact-
less switch, such as photoelectric switches
or proximity switches, which areto useto
handle high-frequency on/off action, the
counter must be capable of high-speed
counting.

e
Photoglectritcswitch

When count input is executed by contact
switches, such as switches or relays,
which may take in extra counts due to the
bouncing of the contact, the counter must
be alow-speed 30Hz counter.

The number of bee®
produced in one minute is
1000. Signals used to count
the caps are shorter, Thus,
high-speed counting is
required...
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Counter

Section 5-3

(2) Preset Counter

Number of stages

1-stage counter 2-stage counter

Setvalue - - - - ——-— DL AR, Set 2
I Set 1
. |
Counting ! Counting
value ' value
! Output 1 __W
Output ) Output 2 )

1 set value is programmed and an 2 setvalues are
output is executed when the programmed and outputs
counting reach the value. are executed for each
Thisisapreset counter. value.

Example
of usefor a 2-stage counter:
'decelerate the rotation of a
high-speed motor 10 rotations
before stopping it.

Output 1 Output 2

. Count up
Subtraction a 1
= S0 8%

More M ore

= ./ Complete

“‘ O

A\ —Z

Reset

A reset action restores the counting section, display section and the output section to the initial
stage before starting a counting operation. There are 4 methods to do arest.

Power-off reset Reset by switching off the power.
External reset Reset by sending signals to the reset input terminal.

Manual reset Reset manuallyy (by pressing the front button).
Auto reset Automatic rest triggered by the signal generated by the counter.

(0

e T,
\ a - =
= onm—
P °
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Section 5-3

Operation Mode
An operation mode is the way an output or the changing pattern of adisplay is produced when

the set value is up. There are many types of modes but the two most common ones are
described below.

= Standard format
An output is executed when the set value is up. The contact remains asisuntil it is reset.
To restart a counting process, it must be reset.

Example of Use:
When one box of products (25
units) is ready, the conveyor will

N mode be stopped for the box to be
(Normal) replaped. Then, areset signal must

be input to restart the process
Reset

W

Reset value - H

I =TT Preset
. I

Counting :/‘: Counter )

value :
)
I
]
7

Conveyor

Output motor

= Repetitive format
Output is executed all at one go until the set value is up. At the same time, auto-reset
signals are sent out internally. So, the counter will be restarted.

C mode
(Continuous)

Example of use:

Dotted lines are marked on afilm. The

ink stops when the counter outputs but
the film continues to move. Thisis

I because signal's from the rotary encoder

- continuesto be input to the counter.

Reset %

R%etvalue__}.___ oy~ = =
]
Counting |
value

Output % {% é
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Counter

Section 5-4

5-4 Using the Counter

H7CR Type

Connection diagram

Setting up dip switches

CF’2 gatemput

Item OFF ON
1| Counting speed 3 O Hz(cps) S kHz(cps)
=1 2 | Input mode Additivemode | Subtractive mode
2m0
8 I 9 l 10 s 3 i Output mode ( )
4m0 2
sm0 .
X'= 5 Ulle‘.SﬂDl ame 500ms SOms
MhrSigRaFwieth-forreset
I 12 6 20ms 1ms
()
4 .
Switch
s | 5 No. 3 [oFF|] oN [OFF] oON

Outpubedd | OFF| OFF| ON ON
" N F C- K

M ethods

Please execute the wiring based on the connection diagram.

2. Please set it up asfollows based on the setup method.

Output mode: Additive mode

Input mode: N

Counting speed: 30Hz (cps)

Check the following:

(1) Input counts and check the display.

(2) Check gate input operations.

(3) How to set up the subtractive counter?

(4) When the counting speed is set to 5Hz and areset signal isinput, what will happen?

(5) When areset signal isinput while the counting is being displayed, when will
happen?

(6) When the output mode is changed to C operation, how will the lamps be lighted?

Study

How many reset methods are there?

2. What are the differences between the N operation and the C operation?
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Section 55

Pointersfor Selection

o Output * Number of digits «
Isit for display? Any output Number of digits?
required?
O 4 digits
O Total | _l
|
O 6 digits
O Preset ! |:' O Others @
|1
> 1
nja
+—Operatiormmethod— « OUtpUt Stages »
Operation method?
Output stages?
O Additive
[ 1 stage
O Subtractive L1 2 stages
O Additive/ z @ 2
Subtractive A
- N
* Speed of counting e o Size e
ize?
Speed of counting? Size?
48
O 48x48 A
vy
[ 30 Hz sl "0
O 72X72 A
U 1kHz A~ A
Others 72
s I
€ — 5 —>

e Price e

What is your budget?




Counter Section 5-6
5-6 Omron Models
Classification Electromagnetic Self-power ed Counter
M odel CsK H7EC H7ET
Totalizing Counter Totalizing Counter Time Counter
Appearance
- L~ =
—_ 1
—. |
|
Dimension
(W x H x D) mm 32.6x22.6x80 48 x 24 x 56 48 x 24 x 56
Features = Miniature electromagnetic Subminiature totalizing counter | =  Subminiature time counter

totalizing counter

High speed response (35cps)
Locking mechanism for errorless
operation

Unigue mechanism eliminates
digit displacement during resets

No external power required
AC/DC voltage, DC voltage
and No-voltage inputs available

No external power required
Displays accumul ative time by
counting the outputs signals
received from external (eg: a
Sensor)

AC/DC voltage, DC voltage
and No-voltage inputs available

Operation Modes Up type Up type Up type
Counting Speed DC input: 20cps (contact) No voltage and DC input:

AC input: 15cps (contact) 30cps/1keps

AC/DC input:20cps

Number of Digits 40r6 6or7 6or7
Displayed
Display Digital display: LCD Digita display: LCD Digita display: LCD
Supply voltage 100,200VAC,
(AC:50/60H2) 6,12,24,48,100VDC
Power Consumption 3VA, 3.5W
(approx.)
Input Mode Up Up Up
Input Signal Count Count, Reset Gate/Timer, Reset
Input M ethod Contact input: voltageinput* | No-voltage/voltage input* No-voltage/voltage input*

Control Output

Power source for
External Supply

Weight (approx.)

100 to 110g

90g

90g

Approved Standards
& Markings

UL

UL.EMC,CE

UL,EMC,CE
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Section 5-6

Classification Self-powered Counter L CD Display with LED Backlight
M odel H7ER H7GP H7HP
Tachometer Totalizing/Time Counter Totalizing/Time Counter

Appearance .

[orst ) By
Dimension
(W x H x D) mm 48 x 24 x 56 48 x 24 x 80 72 x 36 X 66
Features = Subminiature tachometer = Compact totalizing countersand | = Compact totalizing counters and

= No externa power required

= Display of encoder revolution in
rpm/rpsis possible with DC
power model

= AC/DC voltage, DC voltage and
No-voltage inputs available

time counter

= Switch between NPN and PNP
operation

= Both external and manual resets
provided

= Negative transmittive LCD
display with built-in red LED
backlight for high visibility and
power saving

* |P66/NEMA4 water and oil
resistance

time counter

= Switch between NPN and PNP
operation

= Both external and manual resets
provided

= Negative transmittive LCD
display with built-in red LED
backlight for high visibility and
power saving

= |P66/NEMA4 water and oil
resistance

Operation Modes Up type Up type Up/Down type

Counting Speed 30cps/5keps 30cps/5keps

Number of Digits 4o0r5 6 6or8

Displayed

Display Digital display: LCD Digital display: LCD Digital display: LCD

Supply voltage 100 to 240VAC, 100 to 240VAC,

(AC:50/60H2) 12to 24VDC 12t0 24VDC

Power Consumption 6.5VA, 0.6W 6.5VA, 0.6W

(2pprex) U Up (Counter)/ Up/Down (Counter)!
ounter own (Counter

Input Mode P AFc)cumuIamive (Timer) Agcumulative (Timer)

Input Signal Encoder/Pulse Count,Reset,Key protection | Count,Reset,Key protection

Input Method No-voltage/voltage input* No-voltage/voltage i nput* No-voltage/voltage i nput*

Control Output

Power source for

50mA at 12VDC 50mA at 12vDC
External Supply
Weight (approx.) 80g 769 1069
Approved Standards | ;| gyic cE UL,CSA,EMC,CE UL,CSA,EMC,CE

& Markings
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Counter Section 5-6
Classification Multi-function Thumbwhesel Setting
Model H8CA-S H7AN H7CN
Counter/Timer LED Counter LED Counter

Appearance _

Lkﬁ] : G,
Dimension
(W x H x D) mm 48 x 48 x 78 72x72x 115 48 x 48 x 97.6
Features = Counter and timer function = LED display = Up/Down/Reversible counter

modes switch selectable. = Up/Down/Reversible counter = High speed counting: 5kcps

= Selectable operating modes
N,F,C,R*

= Largeeasy-to-read LCD display

= Wide range of power supply

= Non-significant zeros
suppressible

with an option of 1 or 2 Pre-set
vaue.

= Selectable operating modes
N,F,C,R,K,P,Q*

= Simultaneously produce control
output of both contact and
solid-state

= Draw-out construction for ease
of maintenance

= Model with memory backup
function against power failure
available

Operation Modes Reversible type Up/Down/Reversible type Up/Down/Reversible type
Counting Speed Contact and solid-state input: | 30cps/3keps/Skeps Contact and solid-state input:
30cps 30cps
Solid state input: 1kcps Solid-state input: 5kcps
Number of Digits 6 2460r8 4
Displayed
Display Digital display: LCD Digital display: LED Digital display: LED
Indicator: Count-up indicator
Supply voltage 24t0 240VAC, 24,100 to 240VAC 24,100 to 240VAC,
(AC:50/60H2) 12to 24VDC 12 to 24, 48, 100VDC 12t048VDC
Power Consumption 2.2VA, 1W 10VA, 5w 12VA, 2.5W

(approx.)

Up/Down (Selectable A,B,C

Up,Down, Up/Down

Up, Down, Up/Down

Input Mode mode), (Selectable A,B,C,D,E,F, (Selectable A, B mode)
Timelimit, Integration mode)
Input Sianal Count 1, Count 2, Reset, Count 1, Count 2, Reset and | Count 1, Count 2, Reset and
P 9 Gate, Start Key protection Key protection
Input M ethod No-voltage/voltage input* No-voltage/voltage input* No-voltage/voltage input*
Control Output . Contact: SPDT or SPST-NO 3A | Contact: SPDT or SPST-NO 3A
Contact: SPDT 3A a 250VAC | 550\ 4 ¢ (One per stage) at 250VAC (One per stage)
Open collector: 200mA max. at o I : b }
30VDC max. pen collector: 100mA max. at | Open collector: 100mA max. at
30VDC max. 30VDC max.
Power sour ce for
External Supply 80mA at 12VDC
Weight (approx.) 130g 360g 1509
Approved Standards | ;| ~gp UL,CSA UL,CSA

& Markings
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Counter Section 5-6
Classification Multi-function
M odel H7CL H7CR H7BR
LED Digital Counter L CD Digital Counter L CD Digital Counter
Appearance . )
T w; ) I p——
N N
Dimension
(W x H x D) mm 48x 48x 72.5 48 x 48 x 100 72 x 72 x 100
Features = Simple setting with Incremental = Designed with an emphasis on = Designed with an emphasis on

Decremental keys

= Operating modesinclude
N,F,C,K*

= High speed response: 5kcps

= Large, high visibility LED
display

= |P66/NEMAA4 water and dust
protected

ease of operation

= Up/Down/Reversible counter
with optional 1 or 2 pre-set
vaue

= Selectable operating modes
N,F,C,RK,P,QA,D,L,H*

* Pre-scalefunction to display
actual physical parameters
(length, volume etc.)

= High speed response: 5kcps

= On-line change of set value
possible

ease of operation

= Up/Down/Reversible counter
with optional 1 or 2 pre-set
value

= Selectable operating modes
N,F,.C,RK,P,QA,D,L,H*

= Pre-scalefunction to display
actual physical parameters
(length, volume etc.)

= High speed response: 5kcps

= On-line change of set value
possible

Operation Modes Up/Down type Up/Down type Up/Down Reversible type
Counting Speed 30cps/5keps 30cps/1kcps/5keps 30cps/1kcps/Skeps/10keps
Number of Digits -3to4 6or4 16
Displayed
Display Digita display: LED Digital display: LCD with Digita display: LCD with
backlight backlight
Supply voltage 100 to 240VAC, 24, 100 to 240VAC, 24, 100 to 240VAC,
(AC:50/60H2) 12t0 24VDC 12t024VDC 12t0 24VDC
Power Consumption 10VA, 3W 6.5VA, 3.2W 10VA, 6W
(approx.)
Input Mode Up/Down Up, Down, Up/Down Up, Down, Up/Down
(selectable A,B,C mode) (Selectable A, B,C mode)
Count, Gate, Reset and Key Count 1, Count 2, Reset and | Count 1, Count 2, Gate,
Input Signal protection Key protection Reset, Batch Count Reset
and Key protection
Input Method No-voltage input: NPN No-voltage/voltage input* No-voltage/voltage input*

transistor or switching
contact*

Control Output

Contact: SPDT 3A at 250VAC
Open collector: 100mA max. at
30VDC max.

Contact: SPDT 3A at 250VAC
Open collector: 100mA max. at
12V DC max.

Contact: SPST-NO 3A at

250VAC

Open collector: 100mA max. at
30VDC max.

Power sourcefor
External Supply

50mA at 12VDC

50mA at 12VDC, 100mA at
24vVDC

160mA at 12VDC, 80mA at
24vDC

Weight (approx.)

110 to 130g

120 to 230g

270g

Approved Standards
& Markings

UL,CSA,EMC,CE

UL,CSA,EMC,CE

UL,CSA,EMC,CE
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Counter Section 5-6
Classification Intelligent Signal Multi-maintenance Cam Positioner
Pr ocessor
Mode€ K3TC H8BM H8PS H8PR
High Speed Counter Counter/Timer L CD Counter LED Counter
Appearance
= -&"““h.. ™
=,
& =
Dimension 48 x 96 x 130 75X 75 x 85.7 96 x 96 X 65 144 x 192 x 60
(W xHxD)mm
Features = High-speed Up/Down = Nine built-in counter/ = Economical electronic | = Low cost high-
counting for an input timers to measure high-performance 8- performance

range of 50kcps

= Wide selection of
output:relay transistor,
BCD, linear or
communications

=  Pre-scalefunction to
display physical
parameters (length,
volume, etc.)

= Built-in power supply

equipment utilization

= Can beused asamulti-
stage counter

= Individua output to
indicate maintenance
timing

= Pre-forecast/Forecast
and machine stoppage
output provided

= Directly connectable to

cam control switch

= Easy setting

= Accepts 330 rpm input
for easy compatibility

= Functionsfor
switching encoder
direction, designating
encoder origin etc.

= Upto 16-cam control
possible using parallel

electronic cam switch

= Control outputs can be
programmed to turn
ON/OFF in 1° units of
rotary encoder shaft
rotation

= A single control output
can be programmed to
turn ON/OFF up to 10
times

= Bankswith four set 2-wire sensors input adapter andtwo | = Functions for
values and pre-scale = |P54 enclosurerating for H8PS switching encoder
values resistance to water and direction, designating
= Five stage outputs oil encoder origin etc.
= Quick response of 5
kHz max.

Operation Modes Up/Down type Up type
Counting Speed 30cps (contact), 30cps 330rpm 833rpm

50kcps (solid state)
Number of Digits -4t05 6 3(0to 359°) 3 (0to 359°)
Displayed
Display Digital display: LED | Digita display: LCD Digital display: LCD | Digital display: LED

with backlight with backlight

Supply voltage 100 to 240VAC,
(AC:50/60H2) 12 t0 24VDC 24VDC 24VDC 100 to 240VAC
Power Consumption 15VA, 10W 1.8W 4w 10W
(epproc) /Down (sdlectabl /Down (F mode)

Up/Down (selectable | Up/Down (F mode
Input Mode B, C mode)

Control input, Sensor Count Reset,Re-monitor, | Rotary encoder Rotary encoder
Input Signal A, Sensor B Counter select, I/0 (Omron E6CP/E6GF) (Omron E6F), inhibit,

inhibit Forced Run

Input Method No-voltage: Contact | No-voltage/voltage

and solid state input*

Control Output

Relay contact (5 output):
5A at 250VAC, Open
collector: 50mA at
24VDC, Pardlel BCD,
Linear output and
Communication

Open collector NPN/PNP
Forecast (9 lines):

100mA max. at 30VDC
max.

Machine stoppage: 100mA
max. at 30VDC max.

Run: 100mA at 30VDC
max.

Open collector NPN/PNP:
100mA max. at 30VDC
max.

Cam: 8 outputs
Tachometer: 60-ppr signal
out

Open collector NPN/PNP
8/16/24 points:

100mA max. at 30VDC
max.

Power source for
External Supply

Weight (approx.)

4509

2909

3009

1.3kg

Approved Standards
& Markings

UL,CSA,EMC,CE

UL,CSA

UL,CSA,EMC,CE

UL,CSA
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Section

5-7

5-7 Application

Control of quantity

Photoel ectri
"snitch~
@ Counter

= H7EC type
ﬁ?ﬁ P

[ e

Display of total counter

o . ] £ s
CUTO OrurartimoatTt

Valve control Rotary encoder
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Counter

Section

S5-7

Precision cutting of metal
according to requirement

Madel K3TC
INTELLIGENT
SIGNAL
PROCESSOR

Cutting of film at preset
length

Cukter

Fitm

Mode! H7CR
CICITAL
COUNTER

ﬁ

Preset the number of screws to
be packed per package

Model H7CL
ELECTROMIC
COUNTER

P

Totalising the duration of
operation

” Modei H7GP/H7HP

TOTAL COUNTER
<7t Model H7ET
e T e CUNTER

=

Contrallin volﬁmeofliquid
to be filled in & can

Valve Contgo! Encoder

Mode| H7BR
DICITAL
COUNTER

Presetting Table Position for
different operations to be
carried out

Model HBPS
CAM
POSITHONER

PPy
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Power Supply Section 6-1

6-1 What isa Power Supply

Commercial AC power distributed from power plants cannot be supplied directly to ICs or
other electronic components built into Office Equipment and factory Machinery/Equipment. It
is because the higher voltage of Commercial AC power supply will destroy/damage them.

Therefore devices called Power supplies (specifically, regulated DC Power Supplies) are thus
required to convert Commercial AC power into Regulated DC Power to drive these
equipments.

There are afull Range of Power Supplies available from OMRON.
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Section

6-2

6-2

6-3

Regulated DC Power Supplies

There are three kinds of regulated DC power supplies: switching power supplies, linear power

supplies, and CVT (constant voltage transformer) power supplies. Of these, switching power
supplies and linear power supplies are generated referred to as power supplies. CVT power
supplies, though reliable and limited in the number of interna parts, are large and heavy, and

are usually treated separately from power suppliesin general.

Switching Power Supplies

Regulated DC

Power Supplies =1+ Linear Power Supplies

Switching Power Supplies

FTTT-C75==Constant Voltage transformers

Switching power supplies convert commercial AC power into high-frequency DC power using
the high-speed switching of semi-conductors built into the switching power supply. Switching
power supplies are so compact, light, and efficient that they are used as power supplies by

most electronic devices.

Steps down the voitage with a
high-frequency (40 to 200 kHz)
transformer. The primary and
secondary sides are insulated
from each other

Converts AC into
DC by rectifying
and smoothing AC.

o+
‘é > %+
O _

+
AC IN Zi7
Detection
PWM circuit
O
Controls the high-fre-
gquency swiiching puise
width and frequency to
stabilize the output.
Advantages

» Highly efficient, compact, and light.
A wideinput voltage rangeis available.

* Theoutput is maintained for a certain for a certain period after input power is turned off.

Disadvantages
e Switching noiseis generated.

Market Share
90% or more of power supplies are switching power supplies.
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Power Supply Section 6-4

6-4 Linear Power Supplies

Linear power supplies convert commercial AC into DC power via a step-down transformer (50
or 60 Hz) and avariable resistor. Linear power supplies are so large and heavy that they are
used only in special applications.

Converts AC into
DC by rectifying and

Steps down the voltage with
a linear control circuit and

smoothing AC. stabilizes the output voltage.

ACIN

Refer-
ence
voltage

Steps down the voltage
with a transformer (50 or
60 Hz). The primary and
secondary sides are in-
sulated from each other.

e

*  Output voltageis very stable.
* Nonoiseis generated.

Disadvantages
*  Thetransformer is heavy.
*  Excessive heat is generated by the power transistor for linear control.
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Power Supply Section 6-5
6-5 Linear Power Suppliesvs. Switching Power Supplies
Characteristic Meaning Linear  power supplies Switching
power supplies
Input fluctuation Output voltage fluctuation | Good (0.1%) Fair (0.5%)
resulting from input
voltage fluctuation
L oad fluctuation Output voltage fluctuation | Good (0.3%) Fair (1%)
resulting from load current
fluctuation

Ripple noise Output ripple and noise Excellent (0.04%) Fair (1%)

Dueto high-
frequency
switching

Input voltage range Permissible input voltage Fair (x10%) Excellent

range (+32%/-15%)
Efficiency (Output power/Input Fair (40%) Excellent (75%)
power) x 100% e Thetransformer and e A switching
transistor built into a power supply
linear power supply are isnearly twice
so large that the heat asefficient as
generated by the power alinear power
supply istwice as great supply.
asthat for switching
power supplies.
e Thegéfficiency of a
linear power supply is
40% due to power |ost
through transformer
coils and magnetic
COres.
Output holding time | Time between power Fair (2 ms) Good (20 ms)
supply input turning off
and adrop in power supply
output.

Weight O Very heavy duetothe |« A switching
transformer built into power supply
the linear power supply. isfivetimes

lighter than a
linear power
supply.
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Section 6-6
Glossary
Item Definition
Constant voltage The fluctuation of the output voltage due to achangein input, load, or
accuracy temperature.
Efficiency Efficiency = (output power/input power) x 100 (%)

Inrush current

There will be an inrush current at the moment AC power isinput to the power
supply. The inrush current is caused by the charge current flowing into the high-
capacity electrode capacitors of the power supply when the power supply is turned
on.

Leakage current

The current leaking to the ground from the input lines through the casing of the
power supply.

AC
O

R p—
(@)
3
8
S

The leakage current is checked as shown in the above diagram. A bypass capacitor
is used in accordance with the UL standards.

Noise terminal voltage

A kind of electromagnetic interference. The high-frequence noise voltage
generated from the input terminals of the power supply.

Output hold time

The period the power supply keeps outputting at its rated output voltage after the
input has turned off. Usually a period of 20 ms minimum is required so that the
computer datawill not be corrupted at the time of power failure.

input power
ON.7

OFF

Power
supply’s

1

]

1

i

1

i

output !
1
1

Cutput hold time

Overload protection

Turns off the output so that the output current will not be more than the value that
has been specified to protect the power supply from damage when the load is
short-circuited.

Overvoltage protection

Turns off the output to protect the load when the power supply output is
excessive. Usually, the output isturned off if the output voltage reaches approx.
120% of the rated output voltage.

Parallel operation

More than one power supply can be connected in parallel.
In which case, the total output current is obtained by adding the output current of
each power supply connected in paralel.

+V
Input INPUT,

Yy
WY
—

+V
INPUT,

Power factor

Power factor = Effective power/Apparent power = Effective power/(Root mean
square of voltage x root mean square of current)
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Item

Definition

Rated 1/0O conditions

The conditions required to operate the power supply at itsrated AC input (50/60
Hz), rated output voltage, and rated output current at an ambient temperature of
23°C +2°C and an ambient humidity of 65% +5% are called rated I/O conditions.

Rated input voltage

Nominal input voltage such as 100, 110, or 120 VAC

Rated output voltage Nominal output voltage such as 5, 12, or 24 VDC
Remote control Remote control function turns the output of the power supply on or off from a
distance.
o
¥ Load
Power supply g
+RC]|
—R%\ cL
i(sw
Remote sensing The remote sensing function compensates for voltage drop caused by the lead
wires between the output terminals and load.
+S
g Output DC
Powersupply v | _ | Load
The voltage drop is fed back to the voltage sensing terminal of the power supply
to increase the voltage supply by calculating the difference between the set value
and the actual voltage supplied to the load.
Remote voltage Remote voltage adjustment function is used to adjust the output voltage
adjustment externally.
Jcr)s\ Load
i
Power supply ?,<
-S
Variable resistor
Ripple noise The combined value of ripple noise added to the output voltage.
{— High frequency noise
T " Ripple voltage
Jﬂated output
voltage
ov I
*The ripple voltages mentioned in specification sheets include high-frequency
noise.
Serial operation More than one power supply can be connected in series.

In which case, the total output voltage is obtained by adding the output voltage of
each power supply connected in series.

-+
Input INPUT,

Iy
WY
-

+V
INPUT,
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Power Supply Section 6-7
6-7 Points of Selection

The input voltage and output capacity (voltage x current) are the most important factors for
selecting the most suitable power supply for any application. These and other basic selection
points are shown in the following illustration. Confirm all points before selecting a power

supply.

Output Capacity (Voltage x current)
The maximum load capacity must be
less than the maximum output capacity
of the power supply.

Input Voltage

Each power supply has an input voltage
range. Select the power supply according
to the available input voltage.

LOAD

Shape and M ounting M ethod
Power supplies of various shapes are avail-

Safety Standards able. Use the most suitable power supply
UL-, CSA-, or VDE-approved according to the application. Various
power supplies are available. mounting brackets are also available.

Main Selection Points:
1. Input Voltage
2. Output Capacity (voltage x current)
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6-7-1 Input Voltages
1 Permissible Input Voltage Range

The voltage of commercial AC power varies between different regions of the world as shown
in the following diagram.

AC Voltages Used Around the World

The following table lists the rated input voltages and permissible voltage ranges of OMRON
power supplies.

Rated input voltage Permissible AC voltage range M odels
100, 110, and 120 VAC 8510 132 VAC S82J, S8E1, S82R
200, 220, and 240 VAC 170to 264 VAC $82J, S82R
100,110, and 120 V or 8510132V or 170t0 264 V S82F, S82H, S82L,
200, 220, and 240V S82D, S82F-P, S82V,
(selectable) S82G, S82K (30,50, or

100 W)

100, 110, 120, 200, 220, | 85t0 264V S82S, S82K (15 W)
and 240V

2 Precautions

Switching power supplies rectify the full waves of AC input to output DC using a circuit like
the one shown below.

N 4

ov

Vpc is obtained by multiplying the AC input by V2 (approximately 1.414). If theinput is DC,
Vpc will be obtained in the same way by inputting Vpc.

Rectangular pulses are output from uninterruptive power supplies or inverters, and they thus
cannot be connected to linear power supplies. Before connecting an uninterruptive power
supplies or inverter to a switching power supply, check the input voltage. Inverters generate
regenerative voltage, which must be taken into consideration.
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6-7-2 Output Capacities

1 Rated Output Currents

The rated output current of a power supply is computed as follows:

Load current g =11+ 1,+ I5...

+1,

Select a power supply with a sufficient rated output current for the required load current | .

+v
Power supply
-v

2 Overcurrent Protection

> | >
Load
=
Load
= |
Load

Overcurrent protection in a power supply reduces or cuts off the output voltage to protect the
power supply and load from being damaged.

Item Voltage drop Hook Drop Shut Off
Characteristic Voltage Voltage Voltage

| .

I [} [}

[} | [}

I [} [}

I | [}

I | [}

I 1 [}

| |

| [} ) 7’

1 [ | e

| ] [} //’

| | _-F

! [ ==

! | - !

Rated  Current Rated Current Rated  Current
current current current
Feature Automatically resets easily Lowersthe current when Power supply output is
after inrush current flowsinto | subjected to overcurrent. interrupted if overcurrent
the load connected to the continues for a specified
power supply. Difficult to reset for loads period.
into which inrush current
flows. Protects the lower supply
and load when thereisa
short circuit.
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6-7-3

Mounting M ethods

There are various mounting brackets available for OMRON power supplies, including panel
mounting and DIN-track mounting.

Model Mounting
Bracket
S82K-seriesmodels | Not required
S82S-seriesmodels | Not required
S82V-seriesmodels | Not required
S82J | 10W S82Y-01N
25W S82Y-03N
50W S82Y-05N
100/150 W | S82Y-10N
S82H | 156 W S82Y-01N
30w S82Y-03N
50 W S82Y-05N
S82R-seriesmodels | S82Y-05N
S8E1 | 10W S82Y-01N
I5W S82Y-01N
25W S82Y-03N
50 W S82Y-05N
Mounting Brackets
Item F models B models Smodels Purpose
Rear Front L eft-side Right-side
mounting mounting mounting mounting
s
S82Jseries models Provided with Supply. None None Panel-
S82J (100/150 W) S82Y-JO1F None None mounting
S82L -series models Provided with Supply Provided with Provided with Supply
Supply
S82H 15W S82Y-HO1F S82Y-HO1B S82Y-HO01S
30W S82Y-HO3F S82Y-H03B S82Y-H03S
50 W S82Y-HO5F S82Y-H05B SB82Y-H05S
100 W S82Y-H10F S82Y-H10B S82Y-H10S
S82G 30W None S82Y-GO03B None
60 W None S82Y-G06B None
100 W None S82Y-CM1B None
150 W None S82Y-C15B S82Y-CM1S
SB82F (150/300 W) None Provided with Provided with Supply
Supply
S82D 300 W None S82Y-D30B S82Y-D30S
600 W None S82Y-D60B S82Y-D60S
S82R-series models Provided with Supply None None
SBE1-series models None None None Built-in
except PCB models
S82F-P (120/240 W) None Provided with Provided with Supply Peak loads
Supply
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Safety Standards

Various safety standards have been established to prevent electric shock or fire.
For details on each, refer to reference books available on the safety standards.

OMRON's Power Supplies Approved by Safety Standards

M odel UL CSA VDE
S82J UL1012 CSA EB 1402
S82K UL508 CSA C22.2No.14 VDE 0160
S828 UL508 CSA C22.2 No.14
S82v UL508 CSA C22.2 No.142 VDE 0160
SBE1 UL1950-D3 | CSA C22.2 No.0, EB 1402C | ---
S82F UL1012 CSA EB 1402
S82L UL1012 CSA EB 1402 VDE 0160
S82D UL1012 CSA EB 1402
S82H UL1012 CSA EB 1402
S82G UL1012 CSA EB 1402
S82R UL1012 CSA EB 1402
S82F-P | Approved Approved VDE 0160

Safety Standards

Today, safety is required from all equipment including power supplies. Strict rules and

regulations have been established for safety, such asthe USA’s UL standards, Canada s CSA
standards, and Germany’s VDE standards. To protect people and property from electric shock,

fire, and other accidents, these standards stipulate the construction and capabilities of

individual products. The following table lists the main standards related to power supplies.

Type of standard I nternational North Europe
America
Safety standards IEC UL (USA) VDE (Germany)
North America: Protects human life and CSA (Canada) | SEV (Switzerland)
properly. SEMKQ (Sweden)
European: Protects people from NEMKQ (Norway)
death caused by electric shock or prevents DEMKQ (Denmark)
electrical fire. KEMA (Holland)
BS (UK)
USE (France)
CEl (Italy)
CEBEC (Belgium)
CEE (Europe)
Manufacturing standards (compatible) 1SO ANSI (USA) DIN (Germany)
Maritime standards ABS (USA) LR (UK)
GL (Germany)
BV (France)
Others Radio interference CISPR FCC (USA) FTZ (Germany)
DOC (Canada)
Industrial standards NEMA (USA) | ---
ASTM (USA)
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2 Terminology
The following chart shows the relationship between the terms that are often found in approval
reports on power supplies and safety standards, including the EMI standards. EMI standards,
reflecting contemporary computer proliferation, were established to prevent radio interference.
— Prevention of Countermeasures———SEL V and ELV circuits
electric shock against voltage —— Primary and secondary circuits
— Setting of devices
European
standards Countermeasures——— Insulation of devices (Class
against current I/Class |l /Class|Il)
Purpose—
North Prevention of
American electric shock and
Standards .
fire
UL/CSA
— Prevention of Selection of insu- —— Kind of insulation
fire lating materials (function/basis/extra/double

New standards established to prevent mutual
interference between computers and external

noise interference, reflecting extensive use of
computers in contemporary society.

--—-- EMI standards for preventing radio interference

Applicable regions

North America: USA (FCC), Canada (DOC)

Europe: Germany (FTZ)
International: CISPR

insulating/high insulation)
Insulation distance
(space/distance)

Characteristics of insulation materials
Mechanical characteristics:.  Pole
pressure
Electrical characteristics: Tracking
resistance
(CTI), spark
arcing
(high-
current arc),
hot wires,
switching
TV and
radio power
Flameproofing characteristics: V-0, V-1, V-
2, and HB
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3 Insulation

Example of Class-I1 Equipment

Molded case electrically

insulated
; :[ d“f o Extra in-
High in- . y sulation
su?ation Basic insulation (1) ?)
@) {see note 2)

Active side L l I

Touchable metal

ELV circuit parts
Functionally N
Power @ insulated P.rlm.ary
supply (see note 1) circuit

/O con-
nectors Touchable

O
u
SELV circuit secondary
ﬂ DeC circuits

printers

Neutral side N

High insulation (3)
{see note 2}

*Basic insulation (1) + extrainsulation (2) = double insulation, the insulation distance of
which istwice as large as that of basic insulation and equivalent to high insulation (3).

Note 1. Theterminals of the primary coil of the transformer are functionally insulated from
each other.
2. Basicinsulation (1), double insulation, or high insulation may be required of relays
depending on how they are used. Relays from which double insulation or high
insulation are required are called class-11 relays.
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6-8

6-8 OMRON Models

This section provides tables for selecting OMRON Power Supplies and converting model
numbers.

High-grade Power Supplies

Appearance vlc;{):g;e %géﬁty Output current/voltage and model number W xH xD Features | Applications
S82L 100 or 30W 6A at 5V 2.5A at 2A at 15V 1.3A at 24V 45x150x120 * 7-year « Public
200VAC S82L.-0305 12v S82L-0315 S82L-0324 guarante facilities
(switchable S82L-0312 e (transporta
) 60W 12A at 5V 5A at 12V 4A at 15V 2.5A at 24V 55x150x120 * High- tion
SB82L-0605 | S82L-0612 | S82L-0615 S82L-0624 grade systems,
100w 20 A at 5V 9A at 12V 7.2A at 15V 4.6A at 24V 60x190%120 power water-
SB82L-1005 | S82L-1012 | S82L-1015 S82L-1024 supply works,
150w 30A at 5V 13.5A at 10.8A at 7A at 24V 110%200x120 * VDE and sewer-
S82L-1505 12v 15v S82L-1524 approval systems)
S82L-1512 | S82L-1515 e Plantsand
factories
e 24-hour
lines
100 or 30w 6A at 5V 2.5A at 2A at 15V 1.3A at 24V 45x 110x 170 «Highly
200 VAC S82G-0305 | 12V S82G-0324 S82G-0324 function
(switchable S82G-0312 a
) 60W 12A at 5V 5A at 12V 4A at 15V 2.5A at 24V 50x110x 190 «High
S82G-0605 | S82G-0612 | S82G-0615 S82G-0624 quality
100W 20A at 5V 9A at 12V 7.2A at 15V 4.6A at 24V 60x 110x 200
S82G-1005 | S82G-1012 | S82G-1015 S82G-1024
150w 30A at 5V 13.5A at 10.8A at 15V | 7A at 24V 100%120x230
S82G-1505 | 12V S82G-1515 S82G-1524
S82G-1512
High-capacity Power Supplies
Appearance Input Output Output current/voltage and model number Wx Hx D Features Applicatio
voltage capacity ns
S82D | 100 or 300W 60A at 5V 27A at 12V 14A at 24V 120x92x190 Forced = Large
200VAC S82D-3005 | S82D-3012 S82D-3024 cooling scale
(switchable) 600W 120A at 5V | 53A at 12V 27A at 24V 190%x92x200 Built-in control
S82D-6005 | S82D-6012 S82D-6024 fan with panels
anaarm = Moldin
9
machin
100 to 150w 13.5A at 12V 7A at 24V 74x120%x230 Natural air es
200VAC S82F-1512 S82F-1524 cooling = Factory
(switchable) | 300W 14A at 24V | 146x120x230 Automatic machin
S82F-3024 input es
selection = Robots
= Large-
scale
LED
indicat
ors
100 to 120w 5A (apeak current of 10A) at 24V 74x120%x230 Ideal for = Robots
200VAC (240W) S82F-1224P peak loads [=  Molding
(switchable) 240W 10A (apeak current of 20A) at 24V 146x120x230 Automatic machin
(480W) input es
selection [ Lab
VDE system
approved
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Power Supply Section 6-8
Direct DIN Track-mounting Power Supplies
Appearance Input Output Output current/voltage and model number WxHxD Features Applications
voltage capacity
S82K 100 to 15w 2.5A at 5V 12A at 0.6A at 24V 45x75% 96 Direct ¢ Medium-
200VAC S82K - 12v S82K-01524 DIN track and small-
01505 S82K- mounting scale
01512 Box-shape control
100 or 30W 25A a 13Aa24V | 90x75x 96 S82K- panels
200VAC 12v S82K-03024 « Control
= | X (switchable S82K- T panels
. . b ) 03012 models « Food
Fer: v 50W 21Aat24V | 90x75x 96 indicate processing
S82K-05024 output and packing
W’| 100W 42A 24V | 135x75x 96 voltage machines
S82K-10024 drop (15-, | * Industrial
30- and machines
50-W
models)
and output
anadarm
signa
(100-W
model)
82v 100 or 30W 1.3A at 24V 90x75%96 Same e Thin control
200VAC S82Vv-0324 shape as panels
(switchable | 50W 2.1A at 24V 75x 130x 65 thethin « Control
) S82V-0524 C20H panels
. 65 mm
i depth
i VDE
L approval
S82S 100 to 3w 0.6A at 5V 0.25A at 0.2A at 0.13A at 24V 37.5x75x% 65 Sensor
200VAC S82S-0305 12v 15v S82S-0324 power
S82S-0312 S82s- supply
0315 Signa
switching
Auxiliary
power
supply
A wide
input
range
7.5W 1.5A at 5V 0.6A at 05A at 0.3A at 24V 12- to 24- « PCB power
S82S-0705 12v 15v S825-0724 VDC supply
S825-0712 S82S- input e Auxiliary
0715 DC-DC power
+0.3A,-0.2 | 0.2Aa converter supply
A + 15V
at 12V 825
S825-0727 0728
12to 3w 0.6A at 5V 0.25A at 0.2A at 0.13A at 24V
24vDC S82S-7305 12v 15v S82S-7324
S825-7312 S825-
7315
7.5W 1.5A at 5V 0.6A at 0.5A at 0.3A at 24V
S82S-7705 12v 15v S82S-7724
S825-7712 825
7715
+0.3A, 0.2A at
-0.2A at +15V
+12V 825
S825-7727 | 7728
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Economical, 100/200 VAC-input Power Supplies
Appearance Input Output Output current/voltage and model number Wx Hx D Features Applicatio
voltage capacity ns
S82J 100VAC | 10w 2A at 5V 1A at 12V 07Aat15V | 05A at 24V | 35x 97x 90 « Each Medium-
S823-0105 S823-0112 $82J-0115 $8230124 model and
25W 5A at 5V 21Aat12V | 1L7Aat15V | 11Aat24V | 40x 97x 124 provided small-
$823-0205 S823-0212 $823-0215 S823-0224 witha scale
50W 10A at 5V 4.2A at 12V 2.1A at 24V 40% 97x 161 mounting control
S82J-0505 S823-0512 $823-0524 bracket for panels
100W 20A at 5V 85Aat12V | 7.0Aat15V | 45Aat24V | 5-12-15V mounting
823 823 823 S823-1024 models: toa
10005A1 10012A1 10015A1 50x 97x 198 control
24-V model: panel
50x 97x170 * DIN track
150W 6.5A at 24V | 50x 97x 198 mounting
S82F brackets
15024A1 available
S82J 100VAC | 10W 2A at 5V 1A at 12V 07Aat 15V | 05A at24V | 35x 97x 90 (sold
8235105 S8235112 S8235115 S8235124 separately
25W 5A at 5V 21Aat12v | 17Aat15V | 1L1Aat24V | 40x97x 124 )
S823-5205 S8235212 S8235215 S8235224
50W 10A at 5V 42A at 12V 21Aat 24V | 40x97x 161
S823-5505 S82J-5512 S823-5524
100W 20A at 5V 85Aat12V | 70Aat15V | 45Aat24V | 5,12-and 15
S823 823 S823- S823-5024 V models:
10005D1 10012D1 10015D1 50x97x 198
24-V model:
50x97x 170
150W 6.5A at 24V | 50x97x 198
823
15024D1
S82J 200VAC | 10W 2A at 5V 1A at 12V 0.7Aat15V | 0.5Aat 24V | 35x97x90 « Each Medium-
S823-2105 8232112 S8232115 S823-2124 model and
25W 5A at 5V 21Aat12V | 17Aat15V | 1.1Aat24V | 40x97x 124 provided small-
S823-2205 $823-2212 $823-2215 S823-2224 witha scale
50W 10A at 5V 4.2A at 12V 2.1A at 24V 40%x97x 161 mounting control
S823-2505 S823-2512 S823-2524 bracket for panels
100W 20A at 5V 85Aat12V | 7.0Aat15V | 45Aat24V | 5-12-and 15 mounting
S823 S82) S823 S823-2024 V models: toa
10005A2 10012A2 10015A2 50x97x 198 control
24-V model: panel
50%97x 170 e DIN track
150W 6.5A at 24V | 50x97x 198 mounting
S823- brackets
15024A2 available
S82J 200VAC | 10W 2A at 5V 1A at 12V 07Aat15V | O5Aat24V | 35x97x 90 (sold
S823-6105 8236112 8236115 S823-6124 separately
25W 5A at 5V 21Aat12V | 17Aat15V | 11Aat12V | 40x97x 124 )
S823-6205 8236212 8236215 $8213-6212
50W 10A at 5V 4.2A at 15V 21Aat 24V | 40x97x 161
S823-6505 8236215 $823-6524
100W 20A at 5V 85Aat12V | 7.0Aat15V | 45Aat24V | 5-12-,and 15-
823 823 $823-6024 $823-2024 V models:
10005D2 10012D2 50x97x 198
24-V model:
50x97x170
150W 6.5A at 24V | 50x97x 198
823
15024D2
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Built-in Power Supplies
Appearance Input Output Output current/voltage and model number WxHxD Features Applications
voltage | capacity
SBE1 100VA ow 24A at 5V 1A at 12V 0.7A at 15V 0.5A at 24V 24x69x 85 |+ Twiceas « Measuring
C S8E1-01005 S8E1-01012 S8E1-01015 S8E1-01024 compact equipment
15w 3A a5V 1.3A at 12V 1A at 15V 0.7A at 24V 34x 69x 94 asthe ¢ Chemica
SBE1-01505 SBE1-01512 SBE1-01515 SBE1-01524 $82) equipment
25w 5A a 5V 2.1A a 12V 1.7A a 15V 11A at 24V 35x 69x + Atotalof |« Terminals
SBE1-02505 SBE1-02512 SBE1-02515 SBE1-02524 123 128 «  Automobil
50W 10A at 5V 4.2A at 12V 3.4A at 15V 2.2A at 24V 37 69x models e parking
SBE1-05005 SBE1-05012 SBE1-05015 SBE1-05024 161 available systems
fora « Home
variety of security
applicatio systems
ns e Built-in
power
supplies
for
electronic
devices.
Multi-point Power Supplies
Appearance Input Output Output current/voltage and model number WxHxD Features Applications
voltage capacity
S82R 100VAC 30w 2A at 5V and 2A at 12V 2A at 5V and 40%x97x 161 « Same depth and ¢ Measuring
S82R-0321 1A at 24V mounting equipment
S82R-0322 method for all e Chemical
1.7A at 12V and 0.8A at 1A at £15V models equipment
12v S82R-0328 * Mountablein ¢ Built-in
S82R-0327 any of three power
50W 3A at 5V and 3A at 12V 2A at 5V and 40x 112x 161 directions suppliesfor
S82R-0521 2A at 24V dlectronic
S82R-0522 devices.
3A at 12V and 1.2A at 12V 1.7A at 15V
S82R-0527 S82R-0528
75W 5A at 5V and 2A at 24V 44x 123x 161
S82R-5722
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6-9 Applications
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Sensors Section 7-1

7-1 What is a Sensor ?

An equipment use to capture the outer changes (information) like power, heat, lightning,
magnetic, sound waves and convert it to aelectric signal and then transmit it to the related
control components.

7-1-1 Sensor Field Usage

Sensor is not only use in the control business. But also in other field. So, what is the objective

and in what way isit usefor.

7-1-2 Example

Hand
Dryer

7-1-3 Human 5 Senses and Sensor

Human isusing its 5 senses in order to capture the other changes. Let’s think about the
corresponding of sensor with human’s 5 senses.

5 Senses Quter Changes Sensor
Vision Brightness and Darkness/ Object TV Camera
size/Style/Distance/Color
Touch Pressure/Temperature/Pain/Itchin Thermometer Switch
ess/Article contact/Approach
Taste Sweet/Spicy/Sour/Bitter/Salty PH
Hearing Air vibration Microphone
Sound Strength/High Low/Tune
Smelling Gas Chemical Content Alcohol Detection Gas Detection
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Section 7-1

Sensors

7-1-4 Sensor Roleln Automation

1 Corresponding Relation Within Human & Machine

<3 FACTORSOF
AUTOMATION>

<HUMAN> <MACHINE>
Eye Sensor
Nerveline Signal transmission

\

\

Brain
v

System Order Line

|

Computer

Signal transmission

\

Hand
2 Factory Usage Example

|

Robot (Actuator)

Ispenser 2

i

1 Sensor istaking up aresponsibility to call [Input] in the 3 elements in automation
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Sensors Section 7-1
7-1-5 Classification of Sensors
BASIC TYPES OF SENSOR
A
v v
PHOTOSENSOR PROXIMITY
v v v v
ON/OFF | | LINEAR ON/OFF LINEAR
| [
y + *

CAPACITIVH|INDUCTIVH|ULTRASONIC

!

!

!

FIBER THRU.BEAM/
QPTICS SEPARATE

RETRO-
REFLECTIVE

DIFFUSE

REFLECTIVE
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7-1-6 Types of Omron Sensors

Vision Sensor

Thermacoupl

Rotary Encoder
Displacement
Sensor

¢V

Photoelectric Proximity Sensor

Sensor

Ultrasonic Sensor

Laser Micro Meter

Photomicro Sensor

Leve Sensor
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Sensors Section 7-2

7-2 Photoelectric Sensor (PES)

What is PES (Photoel ectric Sensor)?

An equipment which uses [Light] as signal media, to detect the changes of condition without
any contact, and then convert it to aelectrical output signal.

Concept
There will be little changes depending on the type. Basically detects through the following
concept.

_______ >

1. Usudly light emit out from .- transmitter will be
received _-|7 Dby receivel Light

:E Transmlttef _______ Recei verj:

2. If anobject passed through T the light
path, the light received wilPbe
interrupted. <objeet=7a medium>

3. Receiver will change the pass LT Light :Ej&t
information :E Transmitter | - eleqReceivey

""""" BN
Eg) Escalator
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Sensors Section 7-2

7-2-1 Photoelectric Sensing M ethods

Thru Beam Type (Separate/Thru-Beam Type) E3SAT
<Detection Theory>

Position the transmitter & receiver in a Face to Face position, usually light transmitted
out from transmitter goes into the receiver. If the object blocks the light, the volume of
light received by the receiver will be changed, and the operating mode will depend on
the light volume. Transmitter Receiver
<Diagram>

Application

-|: Transmitter ::\::\\\\ Receiver

Detection Object

Retroreflective Type
<Detection Theory>
The transmitter & receiver are in the same housing unit, usually light from transmitter

will be beam towards the reflector and then reflect back to the receiver. If object blocks Mark
the light, the volume of light the receiver received will be changed and the operating
mode will depend on the light volume.
<Diagram>
Application

Detection Distance

Part -
ol B
A %
Diffusereflective Type
<Detection Theory>
The transmitter & receiver are in the same housing unit; usually light is continuously
send from transmitter. It uses object, as a medium to reflect the transmitted light back to |  pMark

the receiver and the operating mode will depend on the transmitted light volume.
<Diagram>

Reflective Board

Detection Distance

Receive
Part

Pt | Object

Application
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7-2

7-2-2 Classification by Sensing Methods

TYPE DEFINITION FEATURES
sensing Longest Range
‘dlstancel
Separate B . Highest light/dark ratio
Type
] > -t} Not effected by target
light recaiver colour or surface
sensing
distance Long Range
Retro- High light/dark ratio
reflective {|-
Type Adhesive and sticker
light source/ reflector reflector available
receiver
sensing Detecting distance max.
distance 2M
Diffuse < >
reflective Easy installation
Type >
'[|- - Light/dark ratio is more
light source/ object critical than the above
receiver sensed
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Sensors Section 7-2
7-2-3 Typical Omron Built in Amplifier Photoelectric Sensors
E3SR E3V3 E3F2
TransparenF Object Vibration Resistance Cylindrical Size
Detection

| 13

E3J2

Low- cost

E3T

Mini-mini Sensor

iy

Standard Size

Compact Size

Heavy-duty Plug-in
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7-2-4 Optical Fiber Photoelectric Sensor
What is Optica Fiber Photoelectric Sensor?

In the earlier session the PES has a built in Amplifier and the Transmitter & Receiver utilises
lenses. And Optical Fiber PES actually replaces these lenses with Fiber Optics

[ Configuration Diagram |

| Fiber Part 11 Amp Part |

I
i
S
Stable operation Light
indicator (green) reception

Sensitivity volume
indicator

8 turn sensitivity —_—

Mode

{Application Example |

IC lead bent & slipped pin detection
(Use Diffuse Reflective)
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Sensors Section 7-2

7-2-5 Three Common Types of Optic Fiber

1 Separate/Thru-Beam

@ @ Single Core

Emitter Receiver
2 Retroreflective

Parallel Core

Emitter & Receiver (Operates with reflector)

3 Diffuse Reflective

Parallel Core
Emitter & Receiver Recaivers
- General used in most fiber sensors - High precision type

- Operating position is not affected by the
direction of target entering the detecting
area.
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Sensors Section 7-2

7-2-6 Operating principle

- The Optical Fiber consists of the Core and the Cladding.
- Thelight beam, which travels through the Core at a bouncing angle of approx. 60-degree, was
emitted to the target without any lossin light intensity.

Core (High Refractive Index)

Cladding (Low Refractive Index)

Target
7-2-7 Types of Fiber Optic

A) Plastic Filament Fiber
- TheCore of the plastic-fiber consists of one or more fibers 0.25 to 1.5mm in diameter,
encased in plastic or polyethylene sheath.
- Used in most of the optical fiber sensor
- Features: Light, flexible & cost-effective

B) GlassFilament Fiber

- Consists of glass fiber encased in stainless steel tubing.
- Bestto use at high operating temperatures(400°C).
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Sensors Section 7-2
7-2-8 Typical Omron Fiber Optic Photoelectric Sensors
E3X-N E3X
E3X-NT/NM E3X-NH E3X-A E3X-F E3X-VG
Shorter
Teaching Optica Fiber Fine Tuning Fiber General- Response Mark-Sensing
Purpose Time

-
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Sensors Section 7-3
7-3 Proximity Sensor
What is a Proximity Sensor?
Proximity sensor is adevice for detecting objects by making use of the changesin the
magnetic/electric field without any contact to the object.
There are basically 2 types of Proximity Sensor available:
1. Inductive
2. Capacitive
7-3-1 Inductive
. - - O/P (OUTPUT)
> Oscillator Rectifier Switching
circuit circuit circuit
? A
Power
Detecting Coil Supply
Power
Supply

- High Frequency Magnetic Field is Generated by the Coil.
- Metallic Target Approaches the Detecting Coil will Dampen the Oscillation Around the

Detecting Coil.

- The Changes of Condition Thus Causes the Switching Circuitry to Change State.

Familiar application

[Car Park Vehicle Detector]

In front of the entrance gate, a big proximity sensor
was set underground and it detect the on ground
vehicle by sending the signal to the closing gate
motor.

Note: Some car park uses PES
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Sensors Section 7-3

7-3-2 Typical Omron Inductive Sensors

E2E E2EC TL-W
Cylindrica Type Subminiature Flat Type
Cylindrical Type

ﬂgﬂ""'

TL-N TL-Q/TL-G
Square type Subminiature
Square Type
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Sensors Section 7-3
7-3-3 Capacitive
\i
Oscillator Rectifier Switching Outpu
Circuit Circuit Circuit
J J
Base
Electrode
Power
Supply
Circuit Power
Supply

- Approach of object will cause electrostatic capacitance of the base electrode to change.
- Electrostatic capacitance increases as the object approaches.

- Oscillator circuit changes the amplitude of oscillation proportionally.

- Increasein oscillation increases the output voltage of the rectifier circuit, thus causes the
switching circuit to change state.

Familiar application

Milk Detection (in carton)
The use of a capacitive proximity switch ensures
that the contents of opague containers are present.

Capacitive Proximity Switch
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7-3-4

Typical Omron Capacitive Sensors

E2K

E2K-C

E2K-F

Cylindrical Type

Square Type

&
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Sensors Section 7-3

7-3-5 Features of Inductive Proximity Sensors

- No Physical Contact.

- Reliablein Hazardous.
- Long Service Life.

- Fast Response.

7-3-6 Featuresof Capacitive Proximity Sensors

- Senses Almost Every Kind of Object, Metallic and Nonmetallic (Glass, Water, Qil,
Plastic, Etc).

- Indirectly Senses Object Buried in a Nonmetallic Wall or Placed in a Nonmetallic
Container.

- Protection Against Dust and Jets of Water.

- LED Ogperation Indicator.
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Comparison between PES and Proximity Sensor

It is because both PES and Proximity Sensor works on ”"NO CONTACT” detection method,
therefore both will have avery long life span, and fast response performance.

Features PES Proximity Sensor (Inductive)
Detection object Can detect almost/any Metal only (even conceal/hide also
object can be detected)
Detection distance Long Sensing Distance Short Sensing Distance
Protect structure Also provided with P67 Excellent

protection but generally
it is not so superior

(also excel in ail resistance)

Shock resistance Weak Strong
Vibration resistance
Price High cost Low cost
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7-5 Pointers of Selection
7-5-1 Photoelectric Sensor
1. Pointsfor good selection
Thru-Beam type and retro-reflective type Reflective type
Sensing object | 1. Size and shape Sensing object | 1. Size and shape
(length x depth x height) (length x depth x height)
2. Transparent ratio 2. Color
(non-transparent, half- 3. Materias (Sted, timber,
transparent, full-transparent) paper, etc).

3. Movement speed V (m/sor

4. Surface (rugged, luster)

pcs/min) 5. Movement speed V (m/sor
pcs/min)
Sensor 1. Sensingdistance (L) Sensor 1. Sensing distance (distance to
2. Restrictions on shape and object) (L)

size (@) Sensor
(b) Retro-reflector for retro-
reflective type
3. Useof severa sensors
(a) Quantity
(b) Installation pitch

2. Restrictions on shape and size
3. Useof severa sensors
(a) Quantity
(b) Installation pitch
4. Restrictionsoninstallation
(Install at certain angle to

(c) Alternate installation object)
4. Resdtrictions on installation
(Install at certain angle to
object)
Environment 1. Surrounding temperature Background 1. Color
2. Useof water, oil, chemicals 2. Materias (Sted, timber,
3. Others paper, €etc)
3. Surface (rugged, luster)
Application Environment | 1. Surrounding temperature
2. Useof water, oil, chemicals
3. Others
Retro-reflective type Application
o —
o
Background

Environment
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7-5-2 Proximity Sensors
1) Applications
Conditions Review Points
: : Flow of Intervals, speed, Detection distance
Applications object vibration Temperature voltage
Response (response
frequency)
Object Size, shape, plated or Detection distance
Pan non-plated, materials Shape of detection point
R (prism, cylinder, piercing
or gutter)
Detection Ununiform passing Temperature voltage
distance point Permissible error Surrounding metal (shield
or unshield type)
Shape of part detected Prism, cylinder, piercing
or gutter
Surrounding metal Distance to part detected, Surrounding metal (shield
vertical/horizontal material of metal or non-shield type)

(2)

Environment/installation

Conditions Review Points
Environment | Anti-environment feature of proximity switch is superior to other switches. However, enough review is necessary
for usein special environment.
Temperature/ Highest/lowest, direct Temperature, for high/low
humidity sunshine, etc. temp, sunshade needed
Surrounding Water, oil, steel chips, Anti-water/ oil/ explosion
specia chemicals, etc. needed
Vibration/impact Size/length (time) Rigid type needed,
installation method
| nstallation Installation method should be decided considering restriction from the machine, maintenance, and interaction with
other sensors. .
Wiring method/conductor surge Cable used, type of cable, length, anti-oil code,
shielded type.
Connection method Cable tube wiring, tact wiring Direct withdrawal,
terminal connection Easier maintenance
Installation method Metal fittings needed, direct installation Bolt
or screw installation Easier maintenance
Easier maintenance, Space for installation
Others Price . Duration of power-on
) Delivery Economical |: Frequency
Economi Standard item
Semi-standard
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Positioning

Detection of
Difference

Connector Type

7-6 Omron Models
7-6-1 Photoelectric Sensors
—
Short Distance and EXCNL7E2 151 |
Small Spot
Long Distance E3X-NL +E32-S15L -1/2
e P e TR AV | E3X-NL_/E3X+E32 fiber |
—| |
—_— ]
—[ E3vC ]
Detection of
RGB Colour

Minute Difference

|

IR

Long Distance

Small Size Type|

E3S-C[]-M1J
E3V3[]-M3J

Wire/Space Saving

Special Environment

Multi-4 Channels

QOil/Chemical

Diagnosis of
Breakdown

|

High Temperature]
Self-diagnostic
Function

E3SA
E3MC

—] E3X-NM+E32 fiber |
E3MC

— E3X-N_+E32-T12F/D12F |

E3S-C
E3SCL2

—{ E3X-N +E32-T51/T61/D51/D61/D73 |

b E3X-N_+E32-T84S |

= [ E3X+E32

{Esccar ]

External Diagnostic‘
Input Function

E3X+E32 fiber

E3SA
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LI RN

E3SA
E3S-B
E3V3

DC Power Supply |

General Purpose

Long Distance

AC Power Supply

Minute Obj ect

] E3X-N /E3X+E32fiber |
E3SA

Space Saving
Separate Type

Diffuse Reflective
Type

Transparent/
Translucent Object

|

E3T

Detection Distance
of 50cm or less

Immuneto
Background

Small Sizetype
(Small Spot)

High Performance | E3S-CL1

=] E3X-NH+E32-T17L |

3J IV

W

| E3X-N_/E3X+E32-T14/T14L/T24/T24S |

ye

—| E3X-N_/E3X+E32-DL 14L /D24/L 24L

E3C-DS
E3C-DS

Movement Dur ability

E3C-S30

Detection of

Liquid Level Liquid Contact Type

Pipe Installation Type

—l E3X-N/E3X+E32-T16P |
E3S-5E45-45

Area Detection

Liquid in Paper

i

—L 1

L |

Linear Displacement
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Proximity Sensors

Detection of
Presence Output

Ring Detection

Displacement
Detection

Detection of
Magnetic Metal

eg. Iron, Steel etc.

Detection of

Non-Metallic
Metal
e.g. Aluminium,
Copper etc.

all Metal

— Detection of
Metal/Non-metal

eg. Resin, Paper,
Carton etc.

Detection of === Small Size

Cylindrical Type

General

Environment

Adjustable

sensitivity

Cylindrical
Type

Fix sensitivity

Fix sensitivity

e [0t TYpe

Adjustable
sensitivity

Chemical

ON/OFF
Output

L ]
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General

Environment

I nsusceptical to
Cutting or Drilling
Chips Environment

High Temperature
Environment

Chemical
Environment

Strong Magnetic
Field Environment

e B |t-in Small
Amplifier

Small Size

Adjustable Sensing
Range | |

Flat Type

Square Type

Groove Type

Built-in Amplifier
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7-7 Application
7-7-1 Photoelectric Sensors

Distance M easur ement

(Upper/Lower Limit Detection)

Using E3SA and S3A2 medium range upper or
lower level distances can be detected.

E3SA-DS50C43A

Upper Level
4\~\_ ’
-

Liquid, Powder,
Granules, etc.

Detection Subject: Liquid, powder, granules,
etc.

IAnalog Photoel ectric Sensor E3SA, Linear Sensor
Controller S3A2

Capsule Length Judgement

Capsules and their contents come in many different
colors, including transparent. A wafer sensor type
is used to detect the capsul€e’ s length to decide if it
is Good or No Good.

Cﬂ:) Good
D

No Geod

Fiber Unit E32-L25A
Amp Unit E3XR-CE4

Transparent Bottle Detection

An exclusive optical method for the detection of trans-
parent objectsis used. This enables accurate detec-tion
of transparent bottles, test tubes, glass tubes, beakers
and other transparent containers as well as cellophane

tape.

Transmission Type Light passes through once.

L
Feedback Reflection Type Light passes through
twice making detection easier.

r':kjybﬁ

J

T

Internal Amp Photoel ectric Switch E3S-RS30E4-30

Water Level Detection (Inside Glass Pipe)

By dightly changing the individual angle settings of
the light emitter and receptor and using a lens only for
the light emitter, accurate determination of water level
within £ Immis possible

E32-TC200 +

E39-F1

Fiber Optic Photoelectric Switch
Lens Unit E39F1

E32-TC200/ E3XR-CE4
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7-7-2 Proximity Switch

Why the need for Proximity Switch?

e Nophysica contact (i.e. no wear and tear)

* Reliablein hazardous environment (e.g. mist and air)
» Longservicelife

* Fast responsetime

Tank Level Control
Thelevel of liquidinatank is
controlled by two proximity
switches. A glass bypass tube
isinstalled on the side of the
tank so that the proximity
switches can monitor the
liquid level in the bypass tube.

Programmable
Conlroller

Capacily Type
Proximily Switch
E2K-C25ME

for Upper Limit
Detection $ 3

E2K-C25ME2 tfor
Lower Limit Deteclion

.0
Tobe Tank @ Eject valve

Standard Value
Sensor E2CA

Grinding Amount

Detection

This system uses a standard reference
sensor and detection sensor in
conjunction to prevent temperature
and voltage drift. Accuracy iswithin
+0.02mm and it can be inspected on-
line.

Measurement
Sensor E2CA

Detection Subject: Drill Chuck (steel)
Linear Proximity Switch E2CA-X2A
Amp Unit E2CA-ALAD

Analog Signal Processor S3A2

./ Proximity Switch
E2E Metal Rod Work Piece Pallet é/ Cont r Ol WOI’ k

Detection
a - Piece Sorting
:., Metel Fod / o Work pieces are placed on
pallets, which are coded

according to metal rodsin

E2E
s\ /) W theedge Whenthe palets
R Switch pass the inductive proximity
|| i ﬂ sensors, they are sorted
according to the code.

Programmable
Controlier
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Temperature Controller Section 8-1

8-1 What is Temperature Control?

Control system can be classified into two types:
Feedback control systems and segquence control systems.
Temperature Control isactualy avariation of the feedback control.

*  Sequence Control Systems:

Sequence control is to perform control actions step by step according to some previously
determined sequences.

As an example of sequence control, an electric light can be turned on at the desired time in the
evening by atime switch. Even if the night falls early, the light will not illuminate until the set
time arrives.

In this example, there is no self-correcting action, which checks whether the lights are actually
on, or if the brightnessis appropriate.

Example of Sequence Control

Time Switch

* Feedback Control Systems

Temperature control is avariation of the feedback control. The principle of temperature
control is explained in the example of Furnace Control.

For example, to maintain the temperature in afurnace. Firstly, the temperature (Set point) on
the Temperature Controller (TC) must be set. e.g 150 degree Celsius.

The thermocouple (Temperature Sensor) relays the furnace temperature back to the TC asa
feedback. This feedback is compared to the TC setpoint.

If the furnace temperature falls below 150 C, the TC must turn on the heater to heat up the
furnace temperature to the set point.

In simplicity, the TC is use to raise or lower the furnace temperature to the setpoint.
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Electric
furnace

Temperature
controller

Heater -
Electro-
Power magnetic

source relay
for heater

%
-
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8-2 What is Temperature Controller?

Itisadevice usefor controlling or maintaining the setpoint Temper atur e of a Temperature
Related Control System.

Typical Omron Temperature Controller
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8-3 Temperature Control Methods

8-3-1 ON/OFF Control Action

The ON/OFF control action is to repeatedly turn on and off the controlled system according to the set point. For example,
in thisfigure, the output relay is operated (ON) when the temperature in the furnace is below the set point, and is released
(OFF) when the temperature reaches the set point.

ON/OFF
Thermocouple
]
e |
LIS
o e |
Electric
Themperature furnance
6 ) controller
Power
source
for Heater
heater
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The ON/OFF control action is also called “two-position control action” because two

manipulated variables (0% and 100%) are used in relation to the set point.

If the output relay is turned on/off at one set point, chattering of the output may occur, causing
the controlled system to be susceptible to the influences of noise. For this reason, ahysteresis
between the ON and OFF is usually provided to the output. This hysteresis

called “adjustment sensitivity” (also called “dead band (zone)” or “insensitive zone”). A
higher adjustable sensitivity is required for such adevice such asthe air compressor of a

freezer whose frequent ON/OFF operation must be avoided.

ON/OFF CONTROL

Hystersis

|

High
temperature
A Set
point
Input
4

Low temperature

Control ON
output OFF

8-3-2 Proportional (P) Control Action

Proportional (P) control action is an action in which the manipulated variable (control output

variable) is proportional to the deviation from the set point.

When the current temperature is lower than the lower limit of the proportional band, the
manipulated variable is 100%. When the temperature is within the proportional band, the
manipulated variable gradually decreasesin proportion to the deviation and decreases to 50%
when the present temperature becomes equal to the set point. Therefore, P action enables
smoother temperature control with smaller hunting than the ON/OFF control action.

ON

100%

50%

0%

OFF

Manipulated variable

Fig.1 Proportional Con-
trol Action

Set point

“Proportionall
band
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* Time-Division Proportional Control Action

A device that issuesits output in the form of pulsesindicating its ON and OFF states may be
used as the output device of atemperature controller. These output include relay output, SSR
(solid-state relay) output, and voltage output. The output device is repeatedly turned ON and
OFF in the proportional band at afixed cycle.

A cycle of ON and OFF operations of the output deviceis called “proportional period”.
¢ Offset

In aproportional control action, afixed deviation is created by the correlation between the
thermal capacity of the controlled system and the capacity of a heating device that remains
after the controlled system reaches a steady state. This deviation is called “ offset”. If the offset
occursin atemperature controller that performs only P action, it can be corrected with the
variable resistor on the temperature controller.

Actual temperature
Set point P>
The ON time became shorter as the temperature rises
ON
OFF |
T T T T
T: Proportional period (a) : Proportional period
‘yoportional band — — — Offset
Setvalue P~ ¢
- f
ON
OFF
(b) : Time-division proportional control action and offset
Fig.2 Time-Division Proportional Action
When the proportional band is narrow
Set poift Offset
> Yy v
P4 S y 4 AV -
\/ » T
Appropriate prop-
ortional band
When the proportional band is wide
Fig.3 Proportional Band Adjustment

145



Temperature Controller Section 8-3

Selection of Proportional Period

If the proportional band is short, the hunting amplitude of the controlled temperature is
narrowed and good results of the control action occur. Therefore, if an output device that can
frequently repeat is ON/OFF operations (such as an SSR or thyristor) is used, the proportional
band should be set to be short. However, isarelay is used. The proportional period must be set
to be long because too frequent operations will affect the service life of the relay.

8-3-3 Integral (1) or Reset Control Action

Offset islikely to occur in P action. To diminish and eliminate the offset so that the controlled
temperature agrees with the set point, the P action is used in combination with areset or
integral (1) control action. This combinationsis called PI action.

. O
Setpoint | m = = - —_— - -
= Proportional plus
Offset reset (PI) control

Proportional (P)

control action

only

Time
Step response
o
g 0
—-—
B
>
3]
&) [
[
[
e [
s () |
Q —
— QO |
=R |
ez 0
2 <
g5
>
Fig.1 Reset Control Action
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* Reset Time

Reset time is a quantity, which expresses the strength of reset action. Thisis the time required
for the manipulated variable of the integral to reach the same manipulated variable asin P
action when the change in the deviation takes place. Therefore, the shorter the reset time, the
more effective the reset action being performed. However, too short reset time may cause

hunting to occur.

PI Action

c
.9 0
e

.8

>

U

a

o]

2y
=2
2% o
é S

Fig.2 PI Control Action and Reset Time

| - >| T, : Reset time
Tl

8-3-4 Derivative (D) or Rate Control Action

Follow-up control of Por | action will be delayed because both actions use the manipul ated
variable related to the present or past deviation. Derivative or Rate Action isrequired to
compensate. It performs a corrective action with the manipulated variable proportionally to the
slope at which the deviation is generated. A large value of manipulated variableis given to
quickly reestablish anormal control state after arapid change caused by external disturbances.

Set point |

When proportional
plus reset control
action is performed.

disturbance When only prop-

ortional control ac-
tion performed
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Rate (Derivative) Time

Rate time is a quantity, which expresses the strength of rate action. Thisisthe time required
for the manipulated variable or the rate action to reach the same manipulated variable asin
proportional action when a change in the deviation occurs.

Deviation
o

N

Fig.1 Rate Control Action

Manipulated
variable
o

Deviation
o

PD Action

P Action
D Action

Iq— Td—>|
0 Td : Reset time

Fig.2 PD Control Action and Reset Time

Manipulated
variable

Differential Effect

In case a sudden deviation occurs in time-division proportional action, the first ON or OFF
time of the output relay is prolonged by performing a certain control to reach the set point (set
temperature) sooner. Thisreferred to as “differential effect”.

ON
OFF
Proportional
period
When temperature drops suddenly
ON
OFF
|-l——— |
Proportional
period
When temperature rises suddenly

Fig. 3 Differential Effect
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8-3-5

PID Control Action

PID Control Action isacombination of P, | and D control action. The best results of the
control can be obtained when the PID control action is performed on a controlled system
having along idle time. Of the three actions, the P action enables control to be performed free
from hunting while | action is used to automatically correct the offset. Additionally, D action
quickly corrects the change in the manipulated variable caused by external disturbances. This
interaction of the 3 control actions assures optimum control.

anipulated

Manipulated

Deviation

variable

Deviation

variable

ol

[}
' PID Action
I
i
__-- lAction
= - P Action
Ol Y 2 e e o — — — — - D Action
Fig. 1 Step Response of PID Control Action Output
0 —
PID Action
| Action
« P Action
= = = D Action
0

Fig. 2 Rampwise Response of PID Control Action Output

The strong and weak points of different control actions are summarized in the following table:

Control Action

Advantages

Disadvantages

On-Off

Control issimple
No offset occurs

Overshoot and hunting occurs

Proportional (P)

Overshoot and hunting are
small

A long timeis required until the
controlled variable is stabilized
Offset occurs

Reset (Integrate (1) )

Offset is eliminated

A longer timeisrequired than P
action until the controlled variable
is stabilized.

Rate (Derivative (D) )

The response is quickened.

This control action can not be
performed alone.

PID

The best control action can
be performed.

Setting the PID parametersis
necessary.
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8-4 Temperature Sensors

8-4-1 Thermocouples

The thermocouple is made of two different metals (element wire) whose ends are welded to
each other so that a voltage is devel oped when the two junctions are at different temperatures.
This developed voltage is referred to as “thermoel ectromotive force”.

Normally, a special conducting wire is used as substitute wire at the other end of the
thermocouple. That wireis called compensating conductor. A shielded type of wire should be
used to prevent noise induction. Also one of the edges of the conductor should be earthed.

Temperature controller normally has a built-in cold junction compensating circuit, which
develops an electromotive force between 0°C and room temperature.

Reference junction (cold
Temperature sensing e

junction -
Reference thermo-
electromotive force

---.--__ oy
]
Temperature_»:
i difference '

ey o o T
unelion Compensalng pirdion e

Compensalng conmaciar Temperahwe L%ive
;gg;f;} ________ Merer ;ﬁ;ﬂ:‘nﬂ _Mrmtﬁ

150



Temperature Controller Section 8-4

1. General Type Thermocouple

This type has a thermocouple element wire in a ceramic-insulating pipe enclosed in protective
tubing. The protective tubing is made mainly from stainless steel and must not be bent.

2. Sheathed Thermocouple

»  Exposed type: The thermocouple element wire is exposed, has fast thermal response and
short servicelife.

» Ungrounded type: The thermocouple wire is externally shielded. Thistypeiswidely used.

e Grounded type: The thermocouple wire is welded to the sheath, has faster thermal
response than the ungrounded type.

The protective tubing is a thin stainless steel tube and can be bent, so the thermocouple can be
inserted to hardly accessed places.

General Type Thermocouple

Terminal box

Terminal
Terminal cover

Gasket

Outlet of lead
wire (with
waterproof
cap)

Protective tubing
Mounting screw

Ceramic insulating -

J

Thermocouple element'wire
(hot junction)

151



Temperature Controller

Section

8-4

Sheathed Thermocouple

Y-Type solderless terminal for M4
Compensating
Red (+) conductor Sleeve Sheath

| m—
White ( - )

» Exposed type

Thermocouple element wire
Magnesia Sheath

R —
» Ungrounded type

& =

» Grounded type

——1 =

8-4-2 Resistance Thermosensor s

Because the electric resistance of some metalsisdirectly related to temperature, it is possible
to determine a temperature by measuring changes in the resistance of some metals. The most

popular metal used is platinum.

—>

P

300 ”””/7

S 1
g 200 /
& AN Platinum
R
(%]
T
o | 100
3
@
w 0
-200 0 200 400 600

Temperature (°C)
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Platinum RTD Sensors are divided into groups as follows:
1. General purposes:

Exposed terminal type
Enclosed terminal type
2. Sheathed type:

- Exposed lead wire type
Enclosed terminal type

8-4-3 Thermistor

A thermistor is atemperature sensor, which is metal oxide, and is aresistor element with a
negative temperature coefficient.

—

(—— 5 ¢

¢ C— W —3——¢
/ Interchangeable

Thermistor adaptor

Element interchanging type
thermistor

Thermistor
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8-4-4

Ther mosensor Selection

Selecting the right sensor for your control application assures reliable input to your Omron
temperature controller.

The decision to select thermocouple, platinum RDT (resistance temperature detector), or

thermistor is based on the optimum range, accuracy, and response time of the sensor.

Operating Temperature Range of Omron Temperature Sensors

Scale Thermocouples Platinum | Thermistor
°F °C TypeK | Typed | TypesR, RTD
S

2912 | 1600 T

1500 e

1400 S

1300
2192 | 1200 .

1100
1832 | 1000 r

900 %
1472 | 800 X

0 e
1112 | 600 — /

500 A 350
572 | 300 / !
392 | 200 / 100
212 100 A 0
32 0
-148 | -100 -50
-328 | -200

Legend:

Optimum
operating .
range

N

g

overheat [0

limit

FH
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e Comparison of Temperature Sensor Performance
Sensor type Thermocouple | Platinum RTD | Thermistor
Temperature | 0°to1,600°C | -100° to 400°C | -50° to 350°C
range
Accuracy Ordinary Good Fair
Advantage Good thermal Most accurate | Fast thermal
response Most stable response
Self-powered | Morelinear Small error due
Simple than to resistance of
Rugged thermocouple | conductor
Inexpensive
Wide variety
Wide
temperature
range
Disadvantage | Compensating | Likely to be Non-linear
cinductor affected by Limited
necessary conductor temperature
Non-Linear resistance range
Low voltage Slightly slow Fragile
Least stable thermal
Least sensible | response
because the
heat sensing
element islong
Expensive
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Temperature Controller

Section

8-4

8-4-5

Output Types

Selection of the output is made depending upon the type, capacity, and operation frequency of
the load. The voltage output is 5V DC (10 to 20mA); current output is continuous and in the

range of 4 to 20mA.
Control
Contact
Relay
Solid-state
SSR
Voltage
Current

Thisisthe most common type
of output and is best suited for
direct drive of the load.

Thisis suitable for control ac-
tion such as P action where
switching operation of the load

is frequently performed.
Thisissuitéble for driving an

external SSR used as an auxili-
ary output.

Thisissuitable for final con-
trolling elements reguiring
analog input.
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Temperature Controller Section 8-5
8-5 Omron Models
Classification Economical Temperature Controllers Genera Purpose
Temperature Controllers
ESEM E5C2 E5CS E5 W
Appearance
[ 1= 15} [ o-1=" 4]
(=] (=}
96x 48x 100 48x 48x 96 48x 48x 100 ESAW: 96x 96x 100
Dimensions ESBW: 72x 72x 100
(HxWx L)mm ESCW: 48x 48x 100
ESEW: 96x 48x 100
* Pcontrol * ON/OFF or PD control « PID or ON/OFF control « Automatic tuning PID
» Thumbwheel switch » Economical plug-inunit | ¢ Compact, panel mount or or ON/OFF control
setting * Panel adapter supplied socket mount unit * Selectable temperature
* Maximum heater « Large, easy toread LED ranges
current: AC 5A/20A/30A display « Displays Present Value
Features single phase (SW  Selectable temperature and Set Vaue
selectable) ranges simultaneously
* Deviation indication * Input shift * Input shift
(meter)/LED PV display + Sdlf diagnostics + Sdf diagnostics
« 8 dlarm modes « 8 alarm modes
* °C/°F selectable * °C/°F selectable

« Key protect function

« Key protect function

Model Variations

» Heater burnout alarm

* Digita indication

 Deviation indication
(meter)

* Heater burnout alarm

Indication Accuracy

+1.5% max. of full scale

+2% max. of full scale

+0.5% of full scale, +1

+0.5% of full scale, +1

(setting) digit max. digit max.
Control Modes P ON/OFF or PD ON/OFF or PID ON/OFF or PID
Type K Thermocouple: 0 e TypeK Thermocouple: 0 | « TypeK Thermocouple: 0 | » Type K Thermocouple:
t0 399°C to 1,200°C (7 scales) t0 999°C (6 ranges) 0t0 999°C (6 ranges)
e TypeJThermocouple: 0 | « TypeJThermocouple: 0 |+ TypeJThermocouple:
Temperature 10 400°C (3 scales) t0 500°C (5 ranges) 0to 500°C (4 ranges)
Sensorsand Input « JPt100; -50 t0 400°C (7 | » JPt100, Pt100: -50 to « JPt100, Pt100: -50 to
Ranges scales) 400°C (9 ranges) 400°C (9 ranges)
 Thermistor: -50 to 300°C | « Thermistor: -50 to 300°C
(5 scales) (10 ranges)
Supply Voltage 100/110 or 200/220VAC, 100/110 or 200/220VAC, 100 to 240VAC, 50/60Hz 100 to 240VAC,
50/60Hz 50/60Hz or 24VDC/AC 50/60Hz or 24VAC/Dc
« Relay: SPDT, » Relay: SPDT, 3A, * Relay: SPDT, 3A, » Relay: SPDT, 3A,
3A,250VAC (Resistive 250VAC (Resistive load) 250VAC (resistive load) 250VAC (Resistive
Control Outputs |oad)  Voltage: 12VDC, 20mA |oad)
* Alarm: SPST-NO, 1A, « Voltage: 12VDC,
250VAC (Resistor load) 20mA
* Alarm: SPST-NO, 1A,
250VAC (Resistive
load)
Weight (approx.) 340g 200g 170g 150 to 300g
Front Panel IEC IP50
Approval
Approved UL, CSA, CE UL, CSA, CE UL,CSA
Standards &
Markings
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Section 8-5

Classification Advanced Temperature Controllers Digita Controllers Specia Purpose Temperature
Controllers
E5 J E5 X E5 K E5 F
Appearance
Dimensions E5AJ: 96% 96x 98 E5AX: 96x 96x 89 E5AK: 96x 96x 100 E5AF: 96x 96x 100
(HxWx L)mm E5BJ: 72x 72x 98 E5BX: 72x 72x 89 E5CK: 53x 53x 100 ESEF: 96x 48x 100
E5CJ: 48x 48x 100 E5CX: 48x 48x 87.5 E5EK: 96x 48x 100
ES5EJ: 96x 48x 98 ESEX: 96x 48x 89
*  Fuzzy advanced self-tuning. PID « Advanced PID control with two « Modular structure « Improve response to
control with two degrees of degrees of freedom improves « Fuzzy self-tuning, advanced PID disturbance through Fuzzy
freedom or ON/OFF control stability and response speed or manual control logic
«  Selectable temperature inputs « Select from 7 temperature sensors | « Auto/manual operation * Hybrid Fuzzy-PID control with
¢ Plug-in output modules (except for atotal of 14 temperature « Heat & cool control auto-tuning
E5CJ) ranges « Selectable temperature & analog « Selectable temperature inputs
« Sdlf diagnostics « 8alarm modes input *  Plug-in control output modules
* 4-event inputs (E5AJ, ESEJ) * °CI°F selectable « Multi-set point, SPramp function | < Displays Present Value and Set
« Heater burnout alarm * Key protect function « Eventinput Value simultaneously
Features « 9aarm modes « Plug-in control output & optional | * Input shift
* °CI°F selectable units  Self diagnostics
« Key protect function « Transfer output » Two aarm outputs with 9
« 11 dlarm modes modes each
« Key protect function  Easily adjustable Fuzzy
parameters
* °C/°F selectable

Key protect function

Model Variations

Communication options
(E5AJESEJonly)  RUN
/STOP operation (E5AJ, ESEJ
only)

+ Position-proportional control

* Heat & cool control

« Communication options (ESAX,
E5EX only)

.

Position-proportional control
(E5AK, E5EK only)

Heater burnout alarm (E5AK,
E5EK only)

Communication options
Remote set point (ESAK, ESEK
only)

Loop break alarm (ESAK, ESEK
only)

.

Communication options
8 memory banks (ESEF-B
only)

heater burnout alarm

Indication Accuracy

+0.5% of set value or +1°C, +1 digit
max.

+.0.3% of set value, 1 digit max.

+0.3% of indication value, +1 digit
max.

+0..3% of set value, +1 digit
max.

24VACIVDC

Control Modes ON/OFF or PID ON/OFF or PID ON/OFF or PID ON/OFF or PID
« TypeK Thermocouple: -200 to « TypeK Thermocouple: -200 to « Thermocouplestypes: K, J, T, E, « TypeK Thermocouple: -200 to
1,300°C 1,300°C L,U,N,R, S B,W,PLI(-199.9 1,300°C
« TypeJ Thermocouple: -100 to + Type JL Thermocouple: -100 to 10 2,300°C) « TypeJ Thermocouple: -100 to
850°C 850°C « Platinum RTD: Pt100, JPt100 (- 850°C
« TypeT Thermocouple: -199.9 to « Type T/U Thermocouple: -200 to 199.9 to 650.0°C * TypeT Thermocouple: -200 to
Temperature Sensors and 400.0°C 400°C « Current: 4to 20mA, 0to 20mA 400°C
Input Ranges + TypeN Thermocouple: -200 to « Type E Thermocouple: 0 to « Voltage: 1t05VDC, 0to 5VDC, |« TypeN Thermocouple: 0 to
1,300°C 600°C 0to 10VDC 1.300°C
« JPt100, Pt100: -199.9 to 650°C + TypeR/S Thermocouple: 0to « JPt100, Pt100: -99.9 to
1,700°C 450.0°C
« JPt100, Pt100: -99.9 to 450.0°C * TypesE, R, Sand B aso
applicable
Supply Voltage 100 to 240VAC, 50/60Hz 100 to 240VAC, 50/60Hz 100 to 240VAC, 50/60Hz, 100 to 240VAC, 50/60 Hz

Control Outputs

Plug-in Control Output Modules:

* Relay: SPDT, 5A, 250VAC
(Resistive load)

¢ SSR:SPST-NO, 1A, 75-
250VAC

« Voltage: 12VDC, NPN, 40mA
24VDC, NPN/PNP, 20mA

* Linear: 4to 20mA/0 to 20mA

* 0to10VDC/0to5VDC

Plug-in Control Output Modules:

* Relay: SPDT, 5A, 250VAC
(Resistive |oad)

* SSR: SPST-NO, 1A, 75to
250VAC

« Voltage: 12VDC, NPN, 40mA
24VDC, NPN/PNP, 20mA

« Current: 4to 20mA DC

Plug-in Control Output Modules:

« Relay: SPST, 3A(5A*), 250VAC
(Resistive load)

* SSR: 1A, 75to 250VAC*

« Voltage: 12VDC, NPN, 40mA*
24VDC, NPN/PNP, 20mA
12VDC, NPN/PNP, 20mA
(E5CK only)

« Linear: 0to 10VDC, 4 to 20mA
0to5vVDC*, 0to 20mA

« E5AK/ESEK only

Plug-in Control Output Modules:

* Relay: SPDT, 5A, 250VAC
(Resistive load)

* SSR: SPST-NO, 1A, 75to
250VAC

« Voltage: 12VDC, NPN, 40mA
24VDC, NPN/PNP, 20mA

« Current: 4 to 20mA DC

Markings

Weight (approx.) 170 to 360y 160 to 400g 170 to 450g 310 to 430g
Front Panel Approval IEC IP50 IEC IP50 |EC IP66 IEC IP50
Approved Standards & UL, CSA, EN/IEC,CE UL, CSA, SEV UL, CSA, EN/IEC, CE UL, CSA
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E5CN/E5GN (Multifunctional Temperature Controllers)

Industry’s smallest model (48x 24x 100mm) offers high functionality for awide variety of
temperature control applications

E5CN/GN Standard M odels

Size Power supply No. of alarm Output Thermocouple model Platinum resistance
voltage points thermometer model
E5CN (note1 & 2) | 100to 240VAC Relay E5CN-RMTC-500 E5CN-RMP-500
1/16 DIN Voltage output E5CN-QMTC-500 E5CN-QMP-500
48(W)x 48(H)x (for driving SSR)
78(D)mm 2 Relay E5CN-R2MTC-500 E5CN-R2M P-500
Voltage output E5CN-Q2MTC-500 E5CN-Q2MP-500
(for driving SSR)
24VAC/VDC Relay ES5CN-RMTC-500 ES5CN-RMP-500
Voltage output E5CN-QMTC-500 E5CN-QMP-500
(for driving SSR)
2 Relay ES5CN-R2MTC-500 E5CN-R2M P-500
Voltage output E5CN-Q2MTC-500 E5CN-Q2MP-500
(for driving SSR)
E5GN (note 3) 100 to 240VAC Relay E5GN-RTC E5GN-RP
1/32 DIN Voltage output E5GN-QTC E5GN-QP
48(W)x 24(H)x (for driving SSR)
100(D)mm 1 Relay E5GN-RITC E5GN-R1P
Voltage output E5GN-Q1TC E5GN-Q1P
(for driving SSR)
24VACIVDC Relay E5GN-RTC E5GN-RP
Voltage output E5GN-QTC E5GN-QP
(for driving SSR)
1 Relay E5GN-RITC E5GN-R1P
Voltage output ES5GN-Q1TC E5GN-Q1P
(for driving SSR)
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Temperature Controller Section 8-6

8-6 Application

Cylinder

* | njection Molding Machine /Mot
To dissolve the raw materia (i.e., plastics) from the hopper,
the respective parts of the cylinder are heated by a band
heater. At the most, 15 temperature controllers are employed ,

to change the temperatures of the respective parts of the g I;I
cylinder in stages. The dissolved raw material isin-jected

-
Q i

into a mould and made into the end product. Band heater

The set temperature generally ranges from 200 to 230°C. As k; =

the temperature sensor, CA is usualy employed but IC is ARRNY o
p y employ /o E}_

also employed in many cases.

Screw

* Extrusion Molding Machine

L ong-shaped products such as pipes, sheets, wire sheaths
are molded by extruding raw material from the nozzle by
the revolving screw.

Usually, 4 to 6 temperature controllers are used for con-
trolling cooling fans and heaters at the respective parts of
the cylinder.

* Compression Molding Machine

Compression molding is performed by oil pressure with a
mold placed between the movable and fixed heating plates.
Usually, 2 to 4 temperature controllers are employed to
keep the temperature of the metal mold constant. In

addition, the temperature controller is also used to turn on
or off the cooling water pump for the mold heated by the
dissolved raw material.
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Temperature Controller Section 8-6

* Constant Temperature Humidity Oven /
This machine is employed in laboratories, etc., for the equal- g E E oo
ity testing of electronic parts, precision parts, etc. //_L“

Two temperature controllers are used for drybulb and wet-
bulb temperatures respectively to control the freezer, heater,
and humidifier.

* Commercial Electric Oven

A temperature controller is used to keep constant the
temperature within a cooking oven. Thisinternal
temperatureis held at about 250°C with a heater load of 10
to 70kW.

* Qutdoor Liquor Storage Tank

To prevent the temperature of liquor within the tank from
abnormally rising due to sunlight, etc., water is sprinkled
against the tank with the use of atemperature controller.
The set temperature is usually 25 to 30°C and the
temperature sensor is puttied to the outside wall of the
tank.

000

Liquor tank

162



Temperature Controller Section 8-6

* Automatic Washer oy bt

Shown below is an example of hat water temperature con- fﬂ‘

trol. For washing the empty bread pans of the baking ma- T‘Q\\\\g Mﬁ\ - N {\\\,\“)OQ
chine, the hot water temperature is maintained at 80°C to maowey g W Y

facilitate washing the dirt off.
In this case, atemperature controller is used for pro-
portional control of the pipe heater (3kW).

Radiator Refrigirator-

* Cold Storage for Apples —_—
Apples harvested in autumn are kept in cold storage for
supply at any time in winter, spring and summer. The
temperature within the cold storageis set to -1°C with a
temperature controller for ON-OFF control of the com-
pressor.

* Sizing Machine i
Asthe auxiliary pre-processing machine for aweaving ma-
chine, this sizing machine is employed to size and dry warp.
Since the workmanship of awoven cloth depends upon the
sized condition of warp, atemperature controller is em-
ployed for control of the sizing and drying temperatures,
respectively. The temperature of the sizeis set to 98°C, while
the temperature of the drying roller is set to 130 to 150°C.

) // ) X0
. ”///////////// .
e

f

; /
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* Dye Testing Machine

The dye testing machine for yarns, cloths, knits, etc., is
available in two types: steam heating type and electric
heating type. In either type, the heating-cooling control is
effected with atemperature controller.

* Smoke-consuming Type I nciner ator

In incinerators such asin factories, schools, housing de-
velopments, etc., low combustion temperatures cause smoke
to occur excessively, thus resulting in environmental pollu-
tion. To avoid this problem, complete combustion is made
possible by control of the burner with atemperature
controller so that the temperature within the incinerator can
be maintained at 800°C. The automatic control of this
temperature enables oil saving.

* Temperature Control of Motor Bearings
Temperature are detected at the four respective points to
prevent the motor bearings from overheating, and water-
cooling control or motor stop is effected with temperature
controllers through the valves. The set temperatures differ
with the temperature detecting sections and are usually
within arange of 150 to 550°C.

Burner
J ‘iﬁ

1

ICombustion
chamber

Sk

—— — ]

gy
(5

A CA CA
0~1000_0~400__(~400

?E 200

3
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Food processing

Semiconductor Manufacturing

Assembly Line
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| SP/DPM

Section 9-1

9-1

What isa Intelligent Signal Processor (I SP)/Digital Panel
(DPM)

1. A (DPM)isadevicethat displays various values (eg. Length mm, speed rpm voltage volt)
measured from the input, for easy readability and monitoring purposes.

2. A (ISP)isadevicethat is similar to the DPM, but it is equipped with an Intelligent Signal
Processor that can process the Input (read in value) and then make decision to generate a
required output.

The ISP/DPM of Omron are designed to solve many advanced and complex applications. They
are types available for measurement and control of current, voltage, load cell signals,
temperature, standard analog signals and pul ses.

Typical view of | SP/DPM

Sl Wk LD Kincks

The rzwhesl Swilchua Madel
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| SP/DPM

Section

9-2

9-2

Features

»  High accuracy/high speed processing

* Excdlent water & dust protection |P66 (NEMA-4) front panel
»  Can beused under hard Industrial conditions

e Highvisibility 14.2mm high, five digit display

e Minimum & maximum storage of measured values

»  Wide selection of plug in output boards

* Relay, Transistor, BCD, linear, or communication board and |abel
(Combine board also possible)

»  Enhanced programming features allow easy setup & calibration

»  Programmable viafront panel or by means of serial port RS-232C, RS$485, or RS-422
*  Programmable decimal point selection

* Single & dual display models available

e Scaling function to easily adjust display range

» Field calibration (for the K3NX/K3NV/K3NH models)

e EN/IEC conformity with CE marking and UL/CSA approval
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| SP/IDPM Section 9-2

Communications, Output Options & Output Cards

Serial communication

The serial communications boards allow easy datalogging and remote setting/monitoring
functions.

e Communication to PC: By plugging a communication card in the K3N ISP’ s a network
can be created so connecting the ISP’ s to apersonal or central computer system.

e Connection to PLC systems. When the Sysmac C200H PLC’s are used data can easily be
exchanged between the ISP’'s and PL C directly from the ladder instructions, using the
Protocol Macro Function.

Easy to use plug-in output options and communication boards

The above mentioned ISP’ s can be equipped with one of the following boards to output alarm
signals, linear transfer signals, or to add communication functions:

* Relay output boards

e Transistor output boards

e Linear output boards

*  BCD communication boards

e Serial communication boards (RS232/R422 or RS485)

*  Also combined boards are available, to suit your applications in the best way

Available output cards for above K3N models

By means of output cards the above mentioned ISP’ s can be equipped with relay, transistor or
linear outputs. Also serial communication boards are available. Combined output cards are
also available; for example 5 Transistor outputs can be combined with a serial port.
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| SP/DPM Section 9-3
9-3 Pointers of Selection (DPM)

Digital Panel Meter is mainly utilise for various Monitoring and M easurement purposes.

The selection of a DPM, depends also on what measurements the application requires, whether
itisalinear input, Temperature input, AC voltage Input, AC current input or DC voltage
input.

Below isaquick guide for selecting the appropriate OMRON DPM.

: K3TJ K3TG K3TF K3TL
N e 1-5v » DCvoltage « ACvoltage » Thermocouple/
P e 0~5V miniature e AC current K,JL type
« 0~10V size  Platinum
U « 4~20Ma Resistance
T JPT100/PT100
All'in One
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| SP/IDPM Section 9-4
9-4 Omron Models (DPM)

Easy-to-use, L ow-cost Digital Panel K3TE
Meter that Accepts DC Input

=  Compact DIN-size (96 x 48 (W x H)) body.
= Mounting thickness of only 3.5mm required.
= Highly visible display with 14.2-mm-high LEDs.

= Easy-to-mount snap-in construction.

=  Water-resistance (IP51) construction (optional)

L ow-cost, High-quality Digital
Thermometer with Built-in Microcomputer K3TJ

=  Compact DIN-size (96 x 48 (W x H x D)) body.
= Mounting thickness of only 3.5mm required.
= Highly visible display with 14.2-mm-high LEDs.

= Multi-temperature range incorporated.

= Upper or lower limit selectable (models with alarm
output). Q)
= Water-resistance (IP51) construction (optional).

Highly Functional Scaling Meter with Versatile,
Easy-to-read Red or Green Display

= Red or green display color available. K3TL

=  Widerange of scaling settings, including negative
scaling.

=  Simple average and movement average processing
methods allow 4 s max. to display the process value,
thus reducing display blinking and making it easier to
read the display.

= Step display setting adjusts the step of the displayed
rightmost digit to 2, or 5.
It is possible to fix the displayed rightmost digit to O.

= Zero limit setting enables the K3TJ to display zero for
any value less than the set value and is ideal for water

depth display.
= Display brightness can be adjusted.
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Pointers of Selection (1SP)

Each ISP model is dedicatedly built for a specific function, for example K3NH isfor

Temperature Processes.

Below is aquick selection on the appropriate OMRON ISP Model.

Input signal

Measurement/Available Intelligent Signal
Processor:

Current, Voltage, or Standard analog signals

l iy Wy
[

Analog Process Meter: K3NX series

e For measurement and control of Voltage or
current, AC or DC.

e Also equipped with inputs for standard
industrial analog signals, like 4-20mA, 0-
10VDC, 0-5VDC etc.

»  Easy to scale the measured values to your
standard needs.

Load cell signd

r_;

”L_J

Weighing Meter: K3NV series

»  For alarge variety of weighing applications.

e Easy set-up and calibration.

e Tarefunction alows zero adjustment at the
reference position.

e With built-in 10V DC loadcell power supply.

Thermocouple, Pt100, or standard analog signals

{? ‘ﬂ"f
Vs T8

Temperature Meter, Analog Process Meter: K3NH

series

*  For accurate measurement and control of
process temperatures.

»  Multifunction input can accept signal from
Pt100, basically all thermocouples and also
the standard industrial analog signals, like 4-
20mA, 0-10VDC,
0-5VDC etc.

Pulses, NPN/PNP or open collector signas

Freguency/Rate meter: K3NR series

e Multifunction processor for the measurement
and control of rotation speed, flow rate, ratio
or passing time.

Time/Period meter: K3NP series

e Advanced processor for the measurement and
control of interval time.

Up/Down counting meter: K3NC series
e High speed Up/Down counting processor

Output Modules

Easy to use plug-in output options and communication boards.

The above mentioned ISP’ s can be equipped with one of the following boards to output alarm
signals, linear transfer signals, or to add communication functions:

* Relay output boards « Transistor output boards « Linear output boards « BCD communication
boards ¢ Serial communication boards (RS232/RS422 or RS485) « Also combined boards are
available, to suit your applications in the best way.

Available output cards for above K3N models.

By means of output cards the above mentioned ISP’ s can be equipped with relay, transistor or
linear outputs. Also serial communication boards are available. Combined output cards are
also available so that for example 5 Transistor outputs can be combined with a seria port.
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| SP/DPM

Section 9-6

9-6 Omron Models (I SP)

Process Meter

+0.1% rdg 1 digit max. accuracy
Wide selection of DC/AC voltage
ranges and DC/AC current ranges
Scaling

Forced-zero

e 80mA at 12 VDC sensor load

Weighing M eter

sl © £0.1% rdg +5 digit max. accuracy
o °© Connectable with load cell sensor
inputs up to 20mV/V
e Scding
*  Forced-zero
e 100mA at 10 VDC sensor load

Temperature Meter

Thermocouple, RTD, and analog
inputs available in one model

°F or °C indication

100-ms sampling for analog input
e Input shift

K3NR

Frequency/Rate M eter

Up to 50-kHz input
+0.006% rdg+1 digit accuracy
Prescaling

Four bank settings for set values and
linear output ranges

u . 80mA at 12V DC sensor load

K3NP Period Meter

Up to 50-kHz input

+0.08% rdg+1 digit accuracy
Prescaling

Four bank settings for set values and
linear output ranges

« 80mA at 12VDC sensor load

Up/Down Counting M eter

Up to 50-kHz counting

Prescaling

Up/Down counting mode

Four bank settings for set values and
linear output ranges

* 80mA at 12V DC sensor load
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| SP/DPM Section 9-7
9-7 Application (ISP/DPM)

Detecting A Leakage Current

The K3NX can be used as a monitoring device for | ndustry' Construction
alow-voltage power panel at a construction site. '

Combined with lamp and voice alert systems, it can

be used to inform the workers of aleakage for

accident prevention at the construction site.
Dversollaga
undersaliage dalaclion
Leakage currenl debection

Circuil Breaker
e .
A
|
!j LI iy Violce alerl system
OTGE-L
||

EANX

1 Seto ovarsitagn
undervolage value.
—ﬂ ' Sals leakape current level
Load

EINX

Example: Mounted in a cranefor use at a construction site.

Detecting The Fluid Level Of A Tank

The K3NX converts the fluid level of atank in food . essi
processing by scaling, and displays the level. At the ! ndUStry' Food Proces ng

same time, the meter sends upper-limit or lower-
limit signals to the controller.

RAMNK

Lirmar input

14 1 20 mAj
Leved sl =

Upperdimil  Lowerdimg
indicglion  ndication
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| SPIDPM Section 9-7

Beer Brewing System

The K3TJ monitors the pressure of carbon dioxide | ndustry' Food pr ocess ng
in a beer brewer. ’

Prossung Senson

Linear Input
(4 b 20 ma)

RIT.I

4 Monitoring The Pressure Of Gasln A Gas Supply System For A
Semiconductor Production Line

The K3T_J constantly monitors the pressure of gas I ndustr y: Semiconductor
in aspecial gas supply system for semiconductor .
production. manufacturing
- o -
(- Load »

L. 1 4 Contactor

o Indicator

OIOFF

{4 b0 20 ma)

Linaar inpat

Fressure s&nsor .
(0 to 200 kglem?) K3TJ
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Measuring The Weight Of A Liquid Nitrogen Tank

The weight of aliquid nitrogen tank isfirst . easuri i

measured with aload cell. The measured valueis Industry. M ring Instruments
then converted to the amount of fluid (weight)
using the scaling function of K3NV.

= RANY
PASS
Linear imput
19t 10 W
LICAW
Load cell
ﬂ Measuring The Fluid Level Of A Tank
interlocked with afloat that resets on the surface of ’

the fluid.

i

LAl

Pobanliomie e

24 VDC
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Monitoring The Fluid Surface Condition Of A Tank

The K3NX performs constant linear monitoring of | ndustry' M easur i ng instruments
thefluid level position using a pressure sensor for '

level detection.

Al auiput

LOY

Linear input
4 fo 20 mA)

Prasaure sansof

E Monitoring The Fluid Level Of A Tank And Displaying Its Flow Rate

The K3NX measures the flow rate of fluid being . easuri i
exhausted from the tank, and displays the measured Industry. M ring Instruments

flow rate using its scaling function. The K3TX can
aso be used to measure the flow rate of coolant and
for other controlling processes.

e {1 |Highiai
—h i

— 055
e |1
- || Lcvear
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n Detecting The Cylinder Position Of An Injection Molding Machine

The K3NX converts the amount of movement of I ndugry I nJ ectl on mol dl ng machl ne
the injection cylinder in an injection molding

meachine and the resistance of the potentiometer to

voltage values (or current values) so that the

injection cylinder can be moved according to the

preset values.

// Folenbomeiar

."
[ S EL AT -.\.-\...
I
! :
1 .21- L L.l'_- ||
1 I Jll.'
\—L
Sy ___.-"f

Determining The Height Of A Trivet In A Gas Heater

The K3NX measures the height of atrivet using the | ndustry' Testi ng GJIL“ pment
linear sensor to determine the acceptance /rejection ’
of each heater product.

Lin@ar auip

ol A
! proximity switch I_m ) Ampiifies unil
-~

Linaar inpai
4t 20 mA)

RANK
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Discrimination By Height

Pallet counting application. Industry: Various

PLC

Displaying The Rpm Of A Servomotor

The K3NX measures and displays the motor rpm I ndustry' Various
and sends the upper limit signal to an alarm system. !

=

DRIVER | |

ALARM
SYSTEM
Normal v
NPN/PNP
Sensor
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Interfacing L arge External Display

Temperature
input

@ BCD output

———

O cr| el
LAYV N AV

Large display

Centralized Temperature Monitoring For Industrial Furnaces

Industrial furnaces Computer

— ] Cemputer

Communication output
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I ntroduction to Vision System Section 10-1

10-1 Introduction to Vision System

How can Vision help you?
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Why Use Vision System

Section 10-2

10-2

10-3

Why Use Vision System

1. Replace Human Inspection

v
v
v

v
v

Human visual inspection is proneto error

Human visual depend on physical condition of the workers

The constant repetition of simple operations and the need to concentrate for long periods
can cause fatigue

Safety condition

Speed

1-1-2 Wide Application

v
v
v

is part of the CIM application
Stand-alone System
Robotics Guidance

1-1-3 Visual Inspection Requirements Are Getting Tougher

v
v

Due to the Demand for higher quality products
The need for more precise inspections

What IsA Vision System

4 ~
CAMERA
RTCHNT T R .
f ,
CONTROLLEER
Ty
THAG
+ %ﬁ 4
. ’/_,."'
TN
C— AJ
10
R=232"
" J
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What isa Vision System Section 10-3

1. Human Vision
Human Eye a Analog image
Brain a Process the analog image

Parallel Processing O To see an entire scene
O To form an immediate impression

2. Visual Inspection System
Camera a Digital image
Microprocessor / Controller

O Process the digital image processing
O One bit at atime

3. Visual Inspection Process

IMAGE IMAGE
FORMATION PREPROCESSING
IMAGE IMAGE
INTERPRETATION ANALYSIS

3-1 Image Formation

> Illumination

» Camera
O Photosensor in two dimensional arrays format
0 Create two dimension image

» Output : voltage signal
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Components Of A Vision System Section 10-4

3-2  Image Preprocessing
» A/D converter

» Produce an array of digital numbers which represent the light intensity distribution over
the image area.

» Onepixel isalow up to 256 different values
» Histogram & Thresholding
» Output : digitized image
3-3 ImageAnalysis
»  Windowing
» Measureitem
» Template Matching & position compensation
» Output : image description
3-4  Image Interpretation
» Decision making
»  Inspection result
0 OK
O NG
» Measurement result

O position
O dimension

10-4 Componentsof a Vision System

In summary the physical components of a machine vision system can be considered to
comprise of the following:

1. Illumination, Illumination Control and Scene Structuring Elements.

2. Optics, Imaging Sensors and Cameras.

3. Frame Grabbers/Image Digitizers, Scanners, and Video Multiplexers.

4. Image Processing Computer or Vision Computer/Processor.

5. Externa Process Coupling: Interfacesto PLC's Robots, XY -Table, Parts Indexer etc.

6. Development Patform: PC's, Workstations, Software Development Environment
including Image Processing Tools and Software Libraries.
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Components Of A Vision System Section 10-4

1. Camera

The camera forms an important equipment in a Visual Inspection System. There is a wide
range of Cameras to select from depending on the Application requirements.
Important Points to take note when selecting acamera: 1. Picture Element

2. Effective Pixels
3. Synchronization
4. Shutter Speed
5. LensMounting
v |®y i
I F200-S Cameral I F300-S Camera I F300-S3DR F300-S2R F300-$4R Frame) @
Compact, high- Compact, high- Shutter Camera Shutter Camera Shutter Camera Lens
resolution (250,000- resol ution (380,000- .
pixel) CCD camera pixel) CCD camera. Separate amplifier
Can be used for alowsusein
simultaneous monitor- confined spaces
ing from two directions.

* Camera with Light Source

F150-SL20

(20-mm field of view)

F150-SL50 * Camera
(50-mm field of view) F150-S1

186
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2. Lighting (Illumination)

The importance of [llumination

Needs:

Object illumination plays a key role in the machine vision process. The purpose of imposing
controlled constant illumination is to enhance visually the parts to be imaged so that their
flaws, defects, and other features are highlighted and so that their identification and
classification by the vision system becomes somewhat easier.

Good image quality is the result of proper illumination, lens selection, camera and lens
placement, and object positioning.

¢ Remember the first law of machine vision:

“If you can’t seeit clearly in the video monitor, you can’t inspect it with the vision
system.”

To operate the vision system most effectively, a well-formed image must be received by the
vision system. A well-formed image is easier to process and is less likely to create future
analysis and interpretation problems.

You must select the type of illumination that best suits your application. Evaluate the object’s
features, color and reflectivity as well as the color of the background in order to determine
which type of lighting works best. It may require as much as 30% of the application effort.
However, it isfar easier to control the illumination in order to attain a good quality image than
to process and filter a poorly illuminated object. So there are no genera lighting for every
applications, i.e., need to customize the lighting for each application (or application-
dependent).

It is recommended to have light shield to prevent environmental lighting from affecting the
image quality. Other factors affecting the lighting are:

» Voltage change resulting from activation of nearby equipment.
* Change of room temperature.

It is necessary to continue monitoring light level to ensure smooth running of vision
processing.

* Toovercomefluctuationsin ambient lighting conditions.

* Toprovidesufficient contrast in theimage so that features can berevealed.

* A key parameter affecting theinput to a machine vision system sinceit directly
affectsthe quality of theinput data.

* Toreducetheamount of image processing significantly.

When light strikes a surface, it can be:

*  Absorbed
e Transmitted
* Reflected
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Components Of A Vision System Section 10-4

Absorbed, dark objects absorbed great deal of light. Light objects absorb very little light; most
of itisreflected.

Transmitted, light passes through many types of glasses and plastics. The light path is often
radically modified by this transmission; thislight is called transmitted light.

Reflected, light that is not absorbed or transmitted is reflected. The 2 types of reflected light
are: Specular, and Diffuse. The figure below illustrates both type of reflection.

Light source

Light source O

Specularly

O reflected light ray
R

|4 Diffusely
; -"' reflected light ray

Mirror or glossy object

Mirror or glossy object

Figure 1. Types of reflected light.
Light Sources

Ambient Light, too uncontrolled for available technology to work reliably. Usually a source of
noise.

Types of Light Sources: SPOT Sources
* Incandescent — halogen, vacuum
e Strobe Lamp
e Laser
e Light Emitting Diode (LED)

EXTENDED Sources
*  Fluorescent

e LED array
*  Fiber Optics
* Neon

Incandescent, light is obtained from a tungsten metal filament heated to 2000-2500K by
passing an electrical current. They are economical and their intensity can be easily adjusted.
However, ordinary incandescent lamps are not recommended since they exhibit a constant
degradation in light during their operating life.

Quartz halogen bulbs contain a small amount of halogen gas, generally iodine. The iodine
combines with the cool tungsten on the inside of the wall. This allows the tungsten to be
operated at a higher temperature, resulting in a more efficient source with more white light
emission. Care must be taken with bulb, it must not be scratched or handled.
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Fluorescent, for most machine vision applications, a diffuse source of light is the most
suitable. Diffuse lighting is non-directional and produces a minimum amount of shadow.
Fluorescent lighting is the simplest and most common method of obtaining diffuse
illumination. It produces much less heat than an incandescent lamp yet produces the same
amount of light. Fluorescent lamps, in multiple lamp fixtures, provide large, diffuse Strobe
lamp, when an object is moving past the camera, the strobe lamp can ‘freeze' the image so
processing can be done. The strobe produces a high intensity light for a very short time. The
timing of the flash must be synchronized so that the part is present when the camera scans the
area. It reduces the effects of image blur that occurs while photons are accumulated by the
vision sensor during its finite scan period as the object moves through its Field-of-View
(FOV).

Light-Emitting Diode (LED), semiconductor LEDs emit light in a rather narrow band of
wavelength in the IR, red, yellow, and green. The total energy is low. This is not a
consideration in backlighting arrangements.

Laser, lasers are monochromatic and coherent sources and they produce a spectrally pure light
useful for illuminating small areas. The beam can be focused to a very small spot with
enormous energy density and that it can be perfectly collimated. They are used for special
imaging applications, such as structured light, or as a means of measuring the distance to an
object. Severa types of lasers have been developed: gas, solid-state, injection, and liquid
lasers. The most popular one is the He-Ne gas, it provides very bright points or lines of
illumination that are visible to the eye.

< Laser Diode Modules

Fiber optic, a bundle of such thin fibers made of glass or plastic provides a channel for
convenient trandation of light to small constricted areas and hard-to-get-at places. The source
of light is typically a small quartz halogen bulb. It should coupled efficiently to the entrance
end of the bundle and the bundle exit end efficiently coupled to the illuminated.

<& Fiber Optic System

Others, Polarized, ultraviolet, and arc lamps are also occasionally used.
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3. Lens
FA Lenses-High Resolution/L ow Distortion
S20HC S21HC

25mm F1.6 2/3” w/lris’/Focus

50mm F2.8 2/3” w/lris/Focus

—— 385 ——={17 52(:;'-»

SIAIHB

H1212B(C61215)
12mm F1.2 1/2" c-m w/Iris’/Focus

1
kS ! |
355 17508

B2514D(C22525)
25mm F1.4 1" c-m w/lris/Focus

B2518(C22516)
25mm F1.8 1" c-m w/lris/Focus

OM35NC
35mm F1.4 2/3" c-m w/lris/Focus

=

@35 o

HE35A-2
35mm F1.7 2/3" ¢c-m w/lris/Focus

FI7.92BCIN AIRY

B5014A(C25011
50mm F1.4 1" c-m w/lris/Focus

pag i I !
: = [
: =l 0
%
13

: |
B
o 4B =} 752
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Fixed / Zoom L enses

B7514C(C27509)
75mm F1.4 1" c-m w/lris/Focus

S1253
12.5mm F1.3 1" c-m w/lrig/Focus

; 247
w62 T 1
S$2509 S2514

25mm F0.95 1" c-m w/lris/Focus

25mm F1.4 1" c-m w/lris/Focus

S5013 S5018
50mm F1.31" c-m w/lris/Focus 50mm F1.81" c-m w/lris/Focus
»32 042 E
262 =
=
i =
S7513 S12575K

75mm F1.3 1" c-m w/lris/Focus

260

12.5~75mm F1.8 2/3" ¢-m w/6X Zoom/Iris/Focus

ase l ?54.4

T
Il

=
i

l— 1005
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Attachment Accessoriesfor Zoom / Fixed L enses

PM-5 PM-4R/4L{not shown

g—
i

. S,
[ 18 J
=C-Mount Lens” Relay Lens Adapter for Scalss
. Special-made Sceles o avaliobls
- S42)- RA
238 {-Mount C~Mournt. ‘//__‘_\\\
\
i
[Fedel TG TLemgth] )
7,
Relay Lens Adapter for Scales &1y A
]IS l 15
. » I

Co-Axial Lighting System (Filter-Insertion Type)
Wide-Field Half Mirror Box o

Field Half Mirror Box
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4. Monitor

PM -509 (5-inch)/PM -909 (9-inch)/PM -129 (12-inch)
PM Series Black and White Video Monitors[EIA/CCIR]

B Specifications

PM-509 PM-909 PM-129
Picturetube S1402PS20N1W1 S2311PS20N1H34 S3112PS20N1L 21
or equivalent or equivalent or equivaent
Video input level VS 1.0Vp-p Video:0.7Vp-p (positive)/Sync.:0.3Vp-p (negative)
Video output level 25Vp-p | 30Vp-p | 30Vp-p
Sync. input level 4.0Vp-p (negative) |: 4.0V p-p(negative) :|
[EIA:Option/CCIR: Standard] [Option]
Sync. input impedance High or 75 Q Switchable I: High or 75 Q Switchable
[EIA:Option/CCIR: Standard] [Option]
Video frequency response 60HZz~80Hz + 3dB or less (100kHz reference)
Horizontal resolution 700 lines or moreat center | 700 lines or more at center | 750 lines or more at center
SN ratio Hum noise:- 60dB or less/ Sync noise:- 40dB or less
Video amp linearity 10% or less (by the DG method)
Scanning system ElA:525/60Hz / CCIR:625/50Hz"
Power requirement EIA:AC120V/60Hz / CCIR:AC230V/50Hz
Environment temperature -10 C~+45 T
Dimensions (WHD) 1470153.50221mm 219.500217.500240mm 304028501305mm
Weight (Standard Type) Approx.3kg Approx.5kg Approx.9kg
Power consumption 16W or less 20W or less 25W or less
Rack mount (option) XRME-7069 (Triple type) XRME-7079 (Dual type) XRME-7099 (Single type)

o Non switchable

[IControls 0 Dimensions
* Power Switch & PM-509

® V. hold control

® H. hold control

® Brightness control

Unit: nny

&
FAONT VIEw §IDE viEw

® Contrast control ® PM-909 Lo mes e
. ‘ e

® \/ideo termination switch T
(75Q / HIGH) '

® AFC mode switch i A
(FAST-SLOW) S |k
® Sync. termination switch L

(Only PM-509[CCIRY])
(75Q / HIGH) ® PM-129

¥

NGt VI

L.

® Sync. mode switch T e
(Only PM-509[CCIRY])

(INT-EXT) [{r
“—~ e — : | g ﬁ_,

=

T LR 1+3 091. P
= = - <1

ey
S0 VIEW REAR ViEW

g e
FRONT vigw

193



Basic Vision Sensor Configuration

Section 10-5

10-5 Basic Vision Sensor Configuration

bMainUnit u “ muﬁ

Sample

[ 1]

Camera
lens

E Detection timing

Television monitor

Control 1/0

Recognition

Binar and
H discrimination

l !

Referencevalue |

Datal/O

>

O

Console

=

keyboard

Sync Sensor (STEP signal)

Called the
“Input Interface.”

=

(|

External device
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10-6 OMRON Family of Vision System

F10 Pattern Matching Sensor

Industry’s first in high speed pattern detection
The low cost F10 pattern matching sensor bridges
the gap between vision systems and photoelectric
sensors. The F10 can recognize patterns instead of
simple spots and may be used in applications
previously requiring multiple photoelectric sensors.
The guide light and one push “Teach” button makes
the F10 extremely easy to set up while fast and
precise detection make it suitable for the most
demanding of applications.

Key Features * 4 easy stepsto inspection with guide light and “ Teach” button
« Detects patterns instead of spots
* High speed pattern matching in 3.6ms

Easy Setup

Guide Light

g’ a

T

Focus guidelight Press Teach
on object. button to

Just press

the button!

Easy-to- . Ha
seedouble =&

indicatogs="

Press Select
buttons to adjust

Start inspection.

register pattern. threshold.
Pattern Matching Principle
Registered pattern
.-__,a—-__;l__- _.-"'._--_' -
& '-_;. A B
;’f ;, ;.r ;’f
sdny V Ll
i
& T r
/o / £
il rd e _
T =4 - '—\.-".
O K Sensing object N G

The F10 checks the degree of conformity of the sensing object pattern to the registered pattern.
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2. F30Vision Sensor

Compact vision sensor redefines “easy to use” The
low cost and easy to use F30 vision sensor offers a
vision solution to a whole new range of users. It
offers the function of high end vision systems but
does away with difficult lighting adjustments by
combining the camera, light source and controller
into one compact unit. The F30 also eliminates time
consuming programming thanks to its easy to use
“Auto Teach” function which memorizes image data
and automatically sets high/low limits. In sum, the
low cost and ease of use make the F30 an effective
vision solution possible for users previously unable to
invest the time or money in one.

Key Features « Easy instalation with array camera, light sourc
(70 x 72 x 139mm)

e FEasy setup with “Auto teach” function which memorizes image data and
automatically sets high/low limits

e Stable sensing with Omron’s unique optical construction makes it possible to detect
glossy objects

Easy Setup

2 Press Enter when 3 Begin inspection.

1 Choose Auto in

Teach menu. inspection areais
Simple System Configuration Identified.
Programmable Controller
R o s s e
LB
Monitor
1/0 and power
— " supply cable
1l "',
Synchronous sensor ,— F30 Console
Power Supply

F30 Vision Sensor
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3. F150 Vision System

High performance, low cost vision system

The F150 vision system is a sophisticated vision solution that through its low price and ease of
use provides significant cost reduction to users. The system’'s 3 step “Auto Menu” function
makes it easy for user’s to register up to 23 images in memory for more accurate inspections.
The “Expert Menu” unleashes the full power of the F150 for multiple and complex inspections.
The F150 is also easy to install with its compact body and camera with built-in light source and
lens. The F150 is the best solution for vision applications where high function is necessary but
high priceis not.

—d
Key features “Auto Menu” enables 3 step setup while “Expert Menu” enables complex and
multiple inspections
. Large CCD (1/3 inch) with built-in lens and LED lighting in compact body for easy

mounting
. Fast and precise gray scale processor highlights defect area and stores up to 23 images
in memory

Simple System Configuration

Power Supply  Synchronous sensor

T

] e I-‘- F150 Console
_ R e
]

F150 controller — —

, Ll
E 1 Programmable Controller

F150 camera

]._l

D Monitor
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Automatic and Expert Menus

AUTO MENU FUNCTION

REGISTER IMAGES INPUT “OK” AND 3 BEGIN

Register up to 23 sample “NG” INFORMATION INSPECTION
images to automatically set Register “OK” or “NG” The F150 is ready
measurement parameters. for each sample image. to begin inspection.

EXPERT MENU FOR MULTIPLE AND COMPLEX INSPECTIONS

POSITIONING CALCULATIONS AREA IDENTIFICATION

Ability to capture measurement  Calculations using Inspection results

values makes F150 ideal for measurement values makes obtained by region

positioning applications. F150 ideal for dimension enable quick identification
measurement applications. of failed area.
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10-7

Application Examples

1. Application of F10 (Gray Scale Pattern Matching)

Printed Date Detection CD Jacket Direction Check

NG OK

[, {Upside-down Labeal)

Thiz aperatian of the Sensar inwide mode is recommended

Battery Rotation Position

NG OK
- - @ i
x'\. ! ¥ . ’ ) _ '_.-'
= e
- : E

-
. A = e
B |
--:I __.-'".-‘:-'\- i
Pl
— A S N ,.e,-*
’ . o, .
B - R
e =0 > .
: =gl
-'"-...--.

lsa of the F10-C11 is recommended
#|deal pattem can be easity egsered Thia ='|:l-_IZLI 1 is available for sensrg objects
=Mark posifioning wailh o wiihown P T,

*Dicrminalon of fomign pats Raler 1o page 24 lor detsls,
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2. Application of F30 (Binary Processing of Inspection Area)

LABEL DETECTION SEALISTAKAF DATICTION ORI TAT HOK IHSPECTRON SDATING BY FATTIRK
. - . = Il
g o - - - L
e iiead e 2 ~)
II' ~ = T :\h"""‘-\. T ';- J
3. Application of F150 (256 L evel Gray Scale Processing)
BETECTHIN OF RELAY MARHINGS INEFRCTION OF PILLS

IREPECT IO OF 10 DIRECTION
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SECTION 11
Programmable L ogic Controller

(PLC)
What 1S CONtrol SYSLEM?......ccieieece ettt re e s re e e e sreennesreenes 202
What isa Programmable LogiC CONtroller? ........cuoeeieiieie e 204
Mechanical & Electrical Field INpUt DEVICES.......ccccoviieveiieie e 207
Conventional Control Panel and [tSDIiffiCUltieS ... 210
What a Programmable Controller can do?........cccveiiiieeieiinie e 214
OMRON MOGEIS ...ttt e bttt e bbb e bbb e s s 215
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11-1 What isa Control System?

In general, aControl System is a collection of electronic devices and equipment which arein
place to ensure the stability, accuracy and smooth transition of a process or a manufacturing
activity. It takes any form and varies in scale of implementation, from a power plant to a
semiconductor machine. As aresult of rapid advancement of technology, complicated control
tasks accomplished with a highly automated control system, which may be in the form of
Programmable Controller (PLC) & possibly a host computer, etc. Besides signal interfacing to
the field devices (such as operator panel, motors, sensors, switches, solenoid valves and etc.),
capabilities in network communication enable a big scale implementation and process
coordination besides providing greater flexibility in realizing distributed control system. Every
single component in a control system plays an important role regardless of size. For instance,
as shown in Fig 1.1 the PLC would not know the happenings around it without any sensing
devices. It is also unable to activate any moving mechanism if there is no motor installed. And
if necessary, an area host computer has to be in place to coordinate the activities in a specific
area at the shopfloor.

Process Control
Cﬁ&r
—== 18| AreaHost
—m 2| Computer

Network

Touch Parel Touwch Parel

@ 5 B

Limit switch Sensor Motor Solenoid Lights Buzzer

Control Comporents

It could also be an application as small as a single PLC controlling a single or some output
devices.
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Gantry Robot Control System
(Courtesy of Gintic)

Typical Programmable L ogic Controller-based Control System

This pictureis atypical application of a Gantry Robot Control Machine. It isused in apick
and place operation. The whole process sequence is controlled by a PLC. The various input
devices such as selector switches, push buttons, toggle switches, sensors are connected to the
input of the PLC viathe input terminal block. The output devices such as the revolving light,
indicators, relays, contactors and solenoid valves are connected to the output terminals of the
PLC. Thewhole processis controlled by aladder program loaded into the PLC CPU memory.
The program will execute a sequence automatically according to the pre-defined sequence of
operations. Manual operation are also provided to allow operator to activate the machine
manually by the switches, emergency push-button for the purpose of safety in case you need to
stop the operation abruptly. In this application, the control system operates as a stand-alone
operation.
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11-2

What isa Programmable L ogic Controller?

1. A Typical Control System

INPUT DEVICES CONTROLLER OUTPUT DEVICES
Pushbutton Relay Motor 4@7
o o _
o Coil Soleroid
Limit Switch O—/
%(3 Latching Coil /_O
Thumbwheel Sw I ) 4@7 I::>
=== LED Display
H H H Timer Coil H H
Level Switch Clock; Heater
CNOIQ Counter
Lamp N7
Flow Switch o—o—
c\g Reset N
Electronic Cards
PROGRAMMABLE
INPUT DEVICES CONTROLLER OUTPUT DEVICES

Pushbutton
1

Limit Switch

7

Level Switch

7/

Flow Switch

7

— M
: Solenoid

0000 0001

— |—/|/r_TIM 0 50sec

o001
——— 10000

Software Circuit

Motor
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2. PLC
A PLC consists of a Central Processing Unit (CPU) containing an application program and
Input and Output Interface modules, which is directly connected to the field 1/0 devices. The
program controls the PLC so that when an input signal from an input device turns ON, the
appropriate response is made. The response normally involves turning ON an output signal to
some sort of output devices.
Programming
—— Console
Power Supply
=]
/Efil 5 .
| Fuunm —E
O —
Computer Printer
Signals —p —> Signals
from Ceﬂtl’al To
Switches Input Processing Output .
Sensors > | Interface Unit (CPU) Interface » Solenoids
Motors,
etc > Etc.
> Memory

Central Processing Unit

The Central Processing Unit (CPU) is amicroprocessor that coordinates the activities of the
PL C system. It executes the program, processes I/0 signals & communicates with external
devices.

Memory

There are various types of memory unit. It is the area that holds the operating system and user
memory. The operating system is actually a system software that coordinates the PLC. Ladder
program, Timer and Counter Values are stored in the user memory. Depending on user's need,
various types of memory are available for choice:

(a) Read-Only Memory (ROM)
ROM is a non-volatile memory that can be programmed only once. It is therefore
unsuitable. It isleast popular as compared with others memory type.

(b) Random Access Memory (RAM)
RAM is commonly used memory type for storing the user program and data. The data in
the volatile RAM would normally be lost if the power source is removed. However, this
problem is solved by backing up the RAM with a battery.

(c) Erasable Programmable Read Only Memory (EPROM)
EPROM holds data permanently just like ROM. It does not require battery backup.
However, its content can be erased by exposing it to ultraviolet light. A prom writer is
required to reprogram the memory.

(d) Electrically Erasable Programmable Read-Only Memory (EEPROM)
EEPROM combines the access flexibility of RAM and the non-volatility of EEPROM in
one. Its contents can be erased and reprogrammed €electrically, however, to a limited
number of times.
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3. Programmable Logic Controller

In the present state of intense industrial competition, production efficiency is generally
regarded as the key to success. Production efficiency covers awide field such as:

a) The speed at which production equipment and production line can be set up to

manufacture a product

b) Lowering material and labour cost of a product
¢) Improving quality and lowering rejects

d) Minimizing downtime of production equipment
€) Low cost production equipment

The Programmable L ogic Controller meets most of the above needs and is a key factor in
furthering production efficiency in the industries.

Traditionally, automation is only applicable to single item high volume production. It is now
necessary to automate production of multiple variety of goods, in moderate quantity, as well as
achieving higher overall productivity and requiring minimum investment in plant and

equipment.

The Flexible Manufacturing System answers these needs. The system includes such automatic
equipment as NC machines, industrial robots, automatic transports and computerizes control of
production. Y ou will find the Programmable Logic Controller in the use of automated

production equipment.

4. Background and Development

Before the introduction of Programmable Logic Controllers, there have been many sequence
control devices, including those using cam shafts and drums. When electromagnetic relays
appeared, relay control panels become the mainstay of sequence control. When transistors
appeared, they were also applied in fields where el ectromagnetic relays are inadequate, such as

high-speed control response.

Nowadays, the control field is expanding to include the complete factory and total control
systems combined with feedback control, data processing and centralized monitoring systems.

Conventiona wired logic control systems cannot perform total control and Programmable
Logic Controllers or microcomputers are necessary.

Let us make a comparison between wired logic and Programmable Logic Controllers.

WIRED LOGIC

PROGRAMMABLE
CONTROLLER

Controlled Device (Hardware)

Specific purpose

General purpose

Control Scale

Small and Medium

Medium and Large

Change or addition to specification Difficult Easy
Delivery period Several days Almost immediate
Maintenance (by makers and users) Difficult Easy

I Depends on design and ;
Reliability manuf acture Very high

. . Advantage on small scale Advantage on small, medium
Economic efficiency ; i
operation and large scale operation
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11-3 Mechanical & Electrical Field Input Devices

1. Input Devices

FIELD DEVICE
CONFIGURATION

DESIRED CIRCUIT
CONFIGURATION

PROPER PLC
INSTRUCTION

T~

N

A B

Normally Open Normally Open Normally Open
Normally Open Normally Open Normally Closed
held closed
- e | e o
Normally Open Normally Open Normally Closed
held closed held closed
4" _ -
—~—y [ ] 4.‘ o— [ ‘ “.
NormaIIAOpen NormaIIAOpen Normally Open
held closed
—~—
—Nofrekygfgjo®t—— —Nofnally Clod—— .Wﬁrﬁ%lly%pm—.
Normal Nosed NormallyjClosed Normall\y/cised
held open
NormallykClosed Nornﬂ“osed Norrnejﬂy{k)sed
held open

Normally Closed
heldtpen

Normally £losed
held

oo
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2. Output Devices

coi CONTACTS
= —&— —
LATCHING
CoiL CONTACTS
= —©o— A

TIMER
TIMER COIL CONTACTS

woocs RS

COUNTER
COUNTER CONTACTS

g

OUTPUT
-y

SOLENOID >
'.E: _ N\
oo O = o5
| o
LED DISPLAY B MOTOR
‘ = STARTER
=22 L ww
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3. Conventional Circuit
START PB1 -
PB2 CTR1
STOP —oJ_o oloO— M O BEGIN CYCLE
5 CR1 237
||
[
3 CR1 MTR
{1 O CONVEYOR
N/
RUN LIGHT
/N
6INCH 4 LSL CR2
SWITCH OO O SORTING & COUNTING
5 CR2
| /V CYLINDER
LOWER 6 LS2
SWITCH [0 | CTR COUNTER
7 PB2
—3 O
8 CTR1
iy EI_ END CYCLE BELL
PB1
1
S O @ CONVEYOR
. % CYLINDER
e SOLENOID
o PROGRAMMABLE
o CONTROLLER 52 COUNTE
PB2
1
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11-4 Conventional Control Panel and Its Difficulties

In the beginning of the Industrial revolution, especialy in the 1960 & 1970, automated
machines were controlled by electromechanical relays. These relays were all hardwired
together inside the control panel. In some cases, the control panel was so huge that it could
cover the entire wall. Every connections in the relay logic must be connected. Wiring is not
always perfect, it takes time to troubleshoot the system. Thisis a very time consuming affair.
On top of that, the relays have limited contacts. If modification is required, the machine has to
be stopped, space may not be available and wiring has to be traced to accommodate changes.
The control panel can only be used for that particular process. It cannot be changed
immediately to a new system. It has to be redone. In terms of maintenance, an electrician must
be well trained and skillful in troubleshooting the control system. In short, conventional relay
control panel are very inflexible.

o !wqu-r TR T e ————
g I 1 B TR Ei

1o i r!'.‘:’!

Typical onventional Control Panel

Disadvantages of Conventional Control Panel

In this panel we can observe the following points

* There are too many wiring work in the panel

» Moadification can be quite difficult

» Troubleshooting can be quite troublesome as you may require a skillful person

» Power consumption can be quite high as the coil consumes power.

e Machine downtime is usualy long when problems occur, as it takes a longer time to
troubleshoot the control panel

» Drawings are not updated over the years due to changes. It causes longer downtime in
maintenance and modification.
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Programmable Controller Control Panel and Their Advantages

With the arrival of programmable controllers, the control design and concept improve
tremendously. There are many advantages in using the programmabl e controllers.

-’ EF I.E I!E Im
o TR T '-
g I8
ST MW !

-1.1. _E ll‘

Typical PLC Control Panel

Advantages of PLC Control Panel

Here are the mgjor advantages that can be distinguishably realized.

The wiring of the system usually reduces by 80% compared to conventional relay control
system.

The power consumption is greatly reduced as PLC consume much less power.

The PLC self-diagnostic functions enable easy and fast troubleshooting of the system.
Modification of control sequence or application can easily be done by programming
through the console or computer software without changing of 1/0 wiring, if no additional
Input or Output devices are required.

In PLC System spare parts for relays and hardware timers are greatly reduced as
compared to conventional control panel.

The machine cycle time is improved tremendously due to the speed of PLC operationisa
matter of milliseconds. Thus, productivity increases

It cost much less compared to conventiona system in situation when the number of 1/Osis
very large and control functions are complex.

The reliability of the PLC is higher than the mechanical relays and timers.

An immediate printout of the PLC program can be done in minutes. Therefore, hardcopy
of documentation can be easily maintained.
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Conversion of Conventional Control Circuit to PLC

Example 1. Starting and Stopping of a 3-phase motor.

TS o S
R @50 i gr © Motr (15 k)
~ : : Y
vy @50 i E ©
A~ i ) w
B ©—9 X ar ©
Mg
Circuit
Breaker

N @

PB2
ole @—m—o
™

Start
> Push-button

T
1o
:
:

When the push-button PB1 is pressed, current | will flow through the circuit and energize
magnetic contactor Mg which in turn closes the Mg contacts. The contact Mg parallel the
push-button PB1 is for self-holding so that PB1 can be released. The other Mg contacts closes
to switch on the 3-phase motor.

To connect the above circuit in a PLC system to PLC wiring circuit, we need to identify the
input and output devices. The input devices are start push-button (PB1) and stop push-button
(PB2) and the output device in this case is only one magnetic contactor that controls the 3-
phase motor.
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Cirauit
Breaker Th U
R @ 510 i M @ Motor (1.5 kw)
' E E v
vy ©@—6% i ; ©
o~ | | w
B @©—95:0—¢ I} s © L
' Mg ' Motor Circuit
N @7
_l_Slart Push-button
E @j- O O
PB1
= _1_ Stop Push-button
O O
- PB2 Assignrent
DC 24V
+
FUSE -
Inpuit = Chanrel 00
5 cgm Output = Chanrel 10
INPUT
Son I B
;M“.ﬁ:_ Ak ERLELD
OUTPUT
s Th
Magnetic Cortactor
Fig. 1 Hard Wire Circuit for PLC Connection
PB1 (0000) PB2 (0001)
T I 1000
Start Push-button Stop Push-button
Control
Mg
Il
"
1000
= END;Oli |
Fig. 2 Ladder diagram
Fig 1. Shows the wiring circuit of the I/O devices.
Fig 2. Isthe ladder diagram for the conversion. It must be programmed into the PLC.
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CONTROL TYPE

What a Programmable Controller can do?

FUNCTIONS

Sequence a
Control b

0

Corventioral Relay Control Logic replacer
Timers/Counters
P.C.B. Card Controller replacer

d  Auo/Semi-autoManuel control of Machine
and Processes
Sophisticated a8  Arithmetic operatiors (+, -, X, +)
Control b)  Irformation Handling
¢) Arslog Control (Temperature, Pressure etc)
d  P.1.D (Proportional-Integral-Derivation)
€)  Servo-motor control
f)  Stepper-motor coritrol
Supervisory a  Process Monitoring and Alarm
Control b  Faut Diagnosis and Monitoring
¢ Interfacing with Computer (RS-232C/RS 422)
d)  Printer/ASCII Interfacing

Factory Autormetion Networking
Local Area Network

Wide Area Network

F.A., FM.S, C.I.M etc
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11-6 OMRON Models

_!lilllilq_‘!ll‘llqil
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CPM 1A Programmable Controllers

Suitable asa Relay Control Panel or Sensor Controller

CQM1-PROO01-E Programming Console

OMRON'’s new CPM 1A Micro PCs offer the ultimate in
speed, functionality, and compact size. It offers powerful

control features, host computer connectivity, and is

expandable from 10 to 100 I/O points.

« Available with 10, 20, 30, and 40 I/O points
Expands to 100 I/O points when used in combination
with Expansion 1/0O Units (20 points)

e User memory of 2,048 words and data memory of
1,024 words

«  Configurable input interrupt response modes:
immediate, high-speed counter, quick response, and

scheduled

»  Builtin 5-kHz high-speed counter
e Pulse output of up to 2 kHz (transistor output type)

Two analog setting controls to fine-tune timer and

For arelay output model conforming to the EC Directives,
usethe CPM1 Series.

CPU Units Conformity to EC Directives
Number of 1/0 AC power supply DC power supply DC power supply
points Relay output models | Relay output models Transistor output models

101/O points

CPMTA-TOCDT-DA(SinkTypar

CPM1A-10CDT1-D (Source Type}
201/0 points

CP;\U.’H; 2565+1UDT§;u;ce Type)
301/0 points

CPM1A-30CDT1-D (gourégType)
40 1/O points

CPM1A-40CDT1-D (gourg'éc?ype)
20 Expansion
I/0O points

CPM1A-20EDT {Sink Type)

CPNTAZ0EDT T (Source Type)
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CQM1 Programmable Controllers

Suitable for Controlling Small-scale Machines
Number of I/O Points Increased from 192 to 256

Innovative packaging, high-speed response, and awide variety of high-function I/0 make
OMRON’'s CQM1 PC’ s the ideal solution for small machine control applications with up to
256 1/0. The unique, rackless connect-and-lock design allows configuration of a PC that meets
your exact application requirements. Choose from seven CPU Units and more than twenty
Standard and Dedicated I/O Units including those for analog 1/0, temperature control, and
communications. All CPU Units feature a built-in 5-kHz high-speed counter and accept
quadrature inputs. Higher performance CPU Units feature dual absolute encoder interfaces,
dual high-speed (50 kHz) interfaces with pulse outputs for two-axis position control
applications, or built-in analog 1/0.

e Compact, connect-and-lock design

*  Wide variety of CPU Units, Power
Supply Units, and discrete, analog
and special 1/0 modules

*  Four built-in hardware interrupts for
managing high-priority signals

e 137-instruction set for sophisticated
programming

Power Supply Units CPU Units

IO Units

Power Supply Uniis are
availabte in AC or DG. The' AC
Units take 100 to 240 VAC
and come with or without a
built-in 24-VDC service power
supply.

high-speed counter input.

.

o2

COM1-GPUT1-E
High-performance,

CQM1-PAZDE,
COM1-PA203,
COM1-PA216

{with High-speed {with ABS

High-capacity Models (256 Points Max)

The CQM1 CPU Units have 16 buili-in DC
Inprts. Four of these mputs can be used as
interrupt inputs and one can be used as a

Standard Models (128 Points Max.)

COM1-CPU21-E

GAOM1-CPU&41-EV1 COM1-CPU42-EV1
(with Analog Setting)

COM1-CPU43-E¥1 CQOM1-CPU44-EV1

Input Units

Input Units with DG inputs or AC
inputs and capacities from 8 to 32
points are avallable.

comM1 COM1
-lB212 -D;

Cam1

CQamM1
1A121/221

-D213  -ID112

Output Units

Cutput  Units  with  contact,
transistor, and AC outputs, and
capacities from 8 to 32 points are
available

camt
-0D213

-DAZ21/222

Dedicated IO Units

Cami

CQmM1

CQM1-FDO26

Pulse Input |/F) Encoder I/F)
Memory Cassettes (optional)

EPRCM

Clock Function

Calendar and clock data can be used on the pro-
gram by mounfing a Memery Cassetie with clock
funetion,

EEPROM

CQMT

-3RM21 -DRT21 -AD04 -DAG21 APS01/02
CompoBus/S  CompoBus/D Analoy Analog Power
Master Unit 1/0 Link Unit Input Unit Cuiput Unit  Supply Unit

SO t-BFACED CQMT-SENGT CAMI-TCO0O, COM1-LSEDOD
BYA Interiace Units  Sensor Unit CQM1-TC100 Linear Sensor
Temperature Conlrol Unils  Interface Unit
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High-end Performance and Connectivity for Advanced
Machine Control and Data Management

OMRON's new SY SMAC a C200HX/HG/HE PCs offers the advantage of large PC
performance and 1/0O versatility in amid-sized package and price range. It is the flagship of the
OMRON line of PCsand is the most advanced of along line of C200H models with more
memory, more powerful instruction set, faster processing speeds, and more communications
options for more integrated control. New features that include the Protocol Macro Function
and optional PCMCIA slotsfor direct Ethernet connections make the SY SMAC o
C200HX/HG/HE PCs a powerful on-site data processing system and help turn your
manufacturing site into a highly responsive information-based operation, of course, the
SYSMAC a C200HX/HG/HE PCs can be programmed, set up, and debugged using

OMRON'’s easy-to-use Windows-based programming and documentation software.

Memory Cassettes

EPROM

Memory Cassettes
C200HS-MP 18K

(18K words/32K words)

EEPROM

Memory Cassettes
C200HW-MEOHK (4K words)
G200HW-MEQSK {3K words)}
COO0HIN-METEK {161 words)
CEO00HW-MESZK {32K words)
C200HW-MEBK (54K words)

CPU Units

C200HE
-GPU11/32/42(-ZE)
C200HG
-CPU33/43/53/63(-ZE}
G200HX
-CPU34/44/54/84(-ZE)
G200HX
-OPUGS-2E/85-ZE

Communications
Boards

C200HW

) -COMO1

Sgd  02-V1/03-Vi
C200HW
-COMO4-EVi
f056-EV1/06-EV1
{with Protecol
Macro function)

Power Supply Units

C206HW
~PAZ04
/2045
/PA204R/
PDO24

{except [DD01/1D002)

32 points

16 points " .
(Special KO Unit}

3 nts
Output Units  $200H-00000
o T e

T ETERTT

18 points 12 peints

5 points 32 points

8 points (Spesial

. 140 Unit)
Mixad /O Units

C200H-MDOOO
16 inputs/16 outputs
(Special 110 Unity

C200H-B7ALOO

32 points
64 points
(Group 2 Unit)

C200H-TMOD1T

C200HW-CLK21

PG Card Unit
C200HW-PCLO1
Ethemet Set
C200HW-PCS01-EV

CompoBusiD
(DeviceNet)
Master Unit
C200HW
-BRM21-V1

Host Link Units

C200H-LK202-V1 (for RS5-422;,

C200H-LK101-PV1

{for APF/PCF Optical Fiber Cable)
. C200H-LK201-V1 (for RS-232C)

&
- q
| |
| 4
| F
/0 Units B7A Communications Units
Input Uniis Interface Units ink Uni i ik Uni
Co00R-0000 Controller Link Unit SYSMAG LINK Units ~ SYSMAC NET Link Unit

CompoBus/S
Master Unit
GCZO0HW-SRM21
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Power and Modularity for Improved Application Flexibility

Choose from eleven CPU Units that support up to 1,184 /O, 32K words of user memory, 24K
words of data memory, or that feature a built-in real-time clock, RS-232C port, and expanded
communications. The SYSMAC a C200HX/HG/HE PCs accept al C200H-series Standard
and Special 1/0 Units, and now can accept up to sixteen Specia 1/0O Units per CPU Unit.
Versatile communications options allows the PC to connect to supervisory to MES computers

viathe host link or Ethernet, or directly to any of OMRON’ advance control or I/O bus
networks.

Enhanced Serial Device Communications

OMRON'’s unique Protocol Macro Function provides built-in protocol support for many

common seria devices or alows customization of one of your own for RS-232C, RS-422, and
RS-485 communications.

CPU /G Backplanes Expansion I/O Racks 1/Q Connecting Cables
Maximum of two (three for CPUE4-Ef€4-E Units) Connects the CPU Rack ta an
10 Racks can be connected to one CPU Unit. Expansion HO Rack,

«‘ ") caooH-oNDDH
(30 cm, 70 om,
2m, 5m,or 10 m}
Power Supply Units

=

C200HW-PA204/2043/PD024

C200HW-B1031/051/081/101

(For G200HX/HG/HE)
i
Interrupt Input Unit Special I/C Units
The In1errup1'lnput Unit = Analog Input Analog Analog Temperature
can be used in the CPU = uni " i N
Backplane only. o nits | Qutput Units 1O Units Sensor Units
) C200H C200H C200H C200H
-ADO001 I -DAOC1/DAOC2 -MADO1 -T800080
{ fADOQ2 /DAQO3/DAOCS
/ADO03
Fuzzy Logic Unit | 2-axis Cam ASCII Unit
C200HS-INTO1 C200H-FZ001 High-speed Positioner C2C0H-ASCO02
Counter Unit Unit
High-density /0 Units (Group 2) C200H-CT021 %2310:14
Input Units  G200H-1D0000C
&5
2-axis Temperature PID Units Position
Motion Gontrol i Gontrol Units C200H il Control Units
Unit ;| C2eoH-TCOOO -PIDOO C200H-NCOOO
] 4 point C200H-MC221 1 C2e0H-TVOLIDY 3
32 points 2. X points
Qutput Units  C200H-O0I0O0O
1D Sengor Units 1§ Voice Unit
C200H-IDSOO C200H-0V001
32 points -4, 64 points
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CV/CVM1 Programmable Controllers
Ideal for Improving Productivity of Factories Manufacturing
Diversified Products at Various Production Rates
With High Data Processing Requirements

e |/O capacity: 512 to 2,048 points

*  Programming capacity: 62K words max

e Basicinstruction execution time: 0.125 to 0.15us

*  Applicableto any network with Ethernet for data
processing systems, SY SMAC LINK Units and
Controller Link Units for networks between PCs,

S AT TR R 7

R

Special IO Units

16-point
Analog I/O Unit
C500-ADS501

Cam Positioner
Unit
C500-CP131

Analog
Qutput Unit
C500-DAS01

Position Control
Units

| C500-NC211
(2-axis)

] C500-NC113
{1-axis)

8-point

C500

GPIB
Interface Unit
| C500-GPI01

Temperature
Sensor Units

-TS501/502

High-speed
Counter Unit
| C500-CTO21

ASCII Unit
C500-ASC04

Motion Controt Units
(4-axis/2-axis)
C500-MC21

{D Sensor Units
C¢500-1DsC0

O Units

| 8G2As-IDINC]

Contact Output

| 3G2A5-0C22

DC Input Units

Units

{16732 points)

| sG2as

.| 3G2A5-0DO

TTL Input Units |

-ID501CN
(32 points)

Transistor
Output Units

(16/32/64 points

TTL Qutput Unit
| C500-0D501CN [l 7
o (32 points) =

AC Input Units

{16/32 points}

k'
8 | aciDC
#| 3G2As-IACCD |

{16/32 points

Triac

Input Units
3G2A5-IM21

~ O

Cutput Units

o| C500-0ALCICT
(16/32/64 points) |t

Interrupt Input Unit |}

3G2A5-1D216
(8 points})

DC Input

fTransistor

o Output Unit

3G2A5-MD211CN
(16-point input

J + 16-point output)

Dummy /O Unit
3G2A5-DUMO1

Power
Supply Unit
CV500-1IPS01
{Not allocated
words)
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CPU Rack
Mount up to 8 Special I/C Units.

CPU Backplanes

' CVM1-BC103/BC053

CPU Units
CVM1-CPUO1-EV2
CVM1-CPU11-EV2

| CYM1-CPU21-EV2
GV500-CPUQ1-EV
CV1000-CPUOT-EV1
CV2000-CPUO1T-EV1

Power Supply Units
Cv500-PS221/211
CVMI1-PAZ208

Cv500-BC101/BC0O31/BCO51

1/Q Control Units
CV5Q0-1C101/201/301

Memory Cards

HMC-ESTII (RAM type)
HMC-EECTH (EEP-ROM type)
HMC-EPLICN (EP-ROM type)

Expansion Data Memory Units
CV100-DMOLCH

Expansion CPU Rack

Required when mounting
more than 11 Special Units.

| Backplane

Mount up to 8 Special 1/0 Units.

Power Supply
Units

CVM1-PA208

CV500-P8221/211 Py Bus Cable

Expansion CPU

CV500-BI111

1/O Cables
CV500-CNO2

CV500-CNCIH

Expansion I/O Racks
Required to increase number of 170 Units.

{li| cvsoo
-B1112/B1062/81042
CVM1-Bi114/Bi064
(I/Q Backplanes)

Power Supply

Units 1/0 Cables
CV500-PS221/211 CV500-CNOO2/3
CVM1-PA208

1/O Interface
Unit
CV500-11201

CPU Bus Units

BASIC Units
CV500-BSCL1

Personal Computer
Unitg
CVS00-vP2CITE

A Temperature
Controller Data Link Unit

Unit

[| Controller
M Link Unit

| Power
SYSMAC Feeder Unit
LINK Units
C1000H
jovseo -APSO01
1 -SLK11 (optical) {for optical

[ cvsoo

-8LK21 (coaxial) 4 SYSMAC

LINK Unit)
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Peripheral Devices Supporting SYSMAC Units

General-pur pose personal computer

Desktop type

/ﬂnnu

Notebook type

JUSLUUO JIAUS SMOPUIAA

SYSMAC Controller Programming Tool

cvM1
CV500

CV1000
C200HX/HG/HE(-ZE)
CV2000

CPM1A

SRM1

SYSWIN VER 3.3

sppow uolreolddy

CV Support Software (CVSS)

CvM1
CV500
CV1000
CV2000

CV500-ZS3AT1-EV2

sppow uolealjddy

JUSLULO JIAUG SOA-S N

SYSMAC Controller Programming Tool

CPM1A
SRM1
CPM1
com1
cVM1
C200HX /HG/HE(-ZE)

C500-ZL3ATI1-E

>
o
=
Q
S
=}
Q
o
[0R
(2]
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Programming
Console

(Handheld Type)

CVM1-PRS21-EV1

Programming
Console

(Handheld Type)

C200H-PRO27-E

CQM1-PROO1-E (with cable)

CV Series

CV500/CV1000/CV2000

e
A T
o TR,
» !
o ———— ,
Wl )

T AT
i

TR

PN R AREIT S A AN |
o T

AR

Lt b kS L L EEI I

RN el

SYSMAC Support Software cannot be used with the CV500/1000/2000 PCs.

C Series

C200HX/HG/HE

CPM1A
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11-7  Application

Programmable Controller Applications

There are so many applications that you can find PLCs use in the various industries. Here are

thelist of applications.

Material Handling

Conveyor system

Packaging Machine

Pick and Place Robot Control
Pump Control

Swimming Pool

Water Treatment

Chemical Processing Plant
Paper and Pulp Industries
Glass Manufacturing

Precast Concrete Industries
Cement Manufacturing
Printing Industries
Electro-plating Plants

Food Processing

Machine Tools

Tobacco Industries

Plastic Moulding Machine
Semi-conductor Manufacturing Machine
Sugar Manufacturing Plant
Palm QOil Manufacturing Plant
Air Condition Control

TV Manufacturing Plant

Power Station Plant

Process Monitoring Control
Electrical/Electronic Appliance
Manufacturing

Disk Drive Manufacturing

Petrol Chemical Plant

Traffic Light System

Train Control Station System
Plastic Manufacturing Industries
Car Manufacturing Industries

Iron and Steel Mill

Dairy Product Manufacturing Plant
Building Automation

Tyre Manufacturing

Integrated Circuit Chip Manufacturing
Sewage Treatment Plant

Security Control System

Lift Control System

Generator Control System
Amusement Park Control
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Programmable Terminal (PT) Section 12-1

12-1 WhatisaPT?

A Programmable Terminal has aclear EL (Electro Luminescense) display or LCD (Liquid
Crystal Clear) panel that provides a graphic display and input functions.

A PT performs various activities in production fields, such as displaying information in the
factory and communicating information to the PLC.

1. Monitoring of Production Line Operation Statuses

A PT displays information sent from the PLC on areal-time basis.
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Programmable Terminal (PT) Section 12-1

2. Instruction to Factory Workers

By displaying on the screen or giving the alarm, a PT notifies workers of various information
such as work procedures and system or equipment failures in order to prompt
the appropriate work or remedial action.

3.  Switch Function

A PT sends datainput from touch panels or expanded /O unitsto the PC. It may be used as an
operating panel or an outside unit control terminal.
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Programmable Terminal (PT) Section 12-2

12-2  System Configuration

This section gives the basic configuration of a system, which uses an NT31/31C. Use an RS-
232C cable or an RS-422 cable to connect to a PC. Refer to the manual for individual device
for information on the equipment other than the NT31/31C in the system.

OMRON’sPLC

Controls NT31/31C as required while controlling machines and

monitoring the production line.

Host link: CQM1, CVMY/CV series PC, CSl series, C200HX,
CPM1A , NT31/31C can be connected directly to the
CPU unit.

RS-232C cable

(for host link)
(Max. 15m)  or
B7A 1/F unit RS-422 cable

type NT-B7A16 (for host link)
(Max. 500m)

Support tool
. E;ﬂ H

Gives displays of production line
monitoring and instructions to the Computer (support tool) _
operation site and notifies the switch Connected to NT31/31C as required and used to transfer the

ON/OFF status and numeric valueinputs NT31/31C screens and make settings for the NT31/31C.
to the PC. Computer:  IBM PC/AT or compatible
Support tool: NT series support tool ver3.0.

B7A unit
A BT7A unit can be connected
as an expanded 1/0O unit.
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12-3 Communications

Host Link

The Host Link communication

method is built into our full line of NT Series
Omron NT Series Terminals. Com- O PT
munication baud rates range from

9,600 to 19,200 bps with a typical CPU unit

response speed of .5 seconds. With i :

Host Link, you can connect multiple
terminalsto asingle PLC (up to four i

on the C200HX/HG/HE system) NI Series BT Sencor
gaining greater accessibility and
multiple views of your larger
applications.

[Temperature  Temperature
[Control 1 Control 2

SYSMAC
CQMI

v - v

Application o - s - M

SYSMAC N ]
CVMYCV Saries (EV1, 2versonsonly) L~~~ S — =]

C200HX/HG/HE (excluding C200HE-CPU11
COM 1 (except CPU11)

C-Series
CSl Series Heater
CPMIA
SRM1
NT Link
Omron’s NT Link communication
NT Series  method can rapidly transmit large
m| PT amounts of data. With response
RS-232C port—— speeds of up to .2 seconds, NT Link

displays important information fast.
i . When you need a guarantee of high
speed data delivery on your time
NT Series PT critical applications, use NT Link,
Omron’ s fastest communication

method for operator interface

terminals.
Driver Applicable PLC's
lﬁ SYSMAC-
, — [P CVMI17CV Series (EV1, 2
CSl SeriesPLC I|:I 0™ sevomotor vororaony (

. C200HX/HG/HE

Quiver CQM1-CPU4 -E
. D—[I:P' CSl Series CPMIA, SQM1
Relay unit Servomotor

229



Programmable Terminal (PT) Section 12-3

1: N Connection
1:NNT Link
=  Example of a Maximum 8 Connection Configuration

The number of connections possible varies depending on the model of the SYSMAC PLC's
CPU.

C200HE(model other than CPU11) : 4 units per port
D.. : C200HX/HG : 8 units per port

O || Type NT-ALODY

SYSMAC «

RS-422A

RS-232C |_|
RS-232C

*When connecting the C200HX/HG/HE and an RS-232C/RS-422A converter unit, use a
converter until whose number is 15Y5 or higher. Converter units previous to 15Y S cannot be
connected.
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Programmable Terminal (PT)
12-4  Support Tool

Section 12-4

NT Support Tool : NTSS Ver 3.0

Combined with the Excellence of Windows 95

= Drawing, copying, pasting, and drag-and-drop editing
can al be done on screen, thus ensuring versatile

image crestion.

OMRON'’s unique zoom function enlarges images

from 100% to 800%, thus allowing easy drawing or

editing of images

= The undo function can be used a maximum of 10
times continuously.

= Window 95’ s unique and convenient right click
operation is available for frequently used functions.

e S| af ] = o
[ zljo|e|aje]sjs| Se@| spojn

r—

Bar graph

o) B

Application Manager Maintains

. R —— ; e E———
Screensand Tables Visually R - -
] . e T B b s |
= Screen and table files can be easily O o] EIETTTT
stored in folders. i = |
= Screens can be easily copied and pasted :'_-“': 4 .,._
visually. i -

o ke
Pt BT e

11 e k]

B = e werpaar—|
B e e vy e v

=

231



Programmable Terminal (PT) Section 12-4

Symbol Manager

Registersthe Element

You Made

= Allows drag-and drop registration.

= Registered and saved graphics can be
used for other screen data whenever
necessary.

= The CD-ROM version is provided with
template data approximately 1,200
1SO7000 parts.

fana m miacyra 0w — e ——
skl ML A A T
Lo L L F e [

e

Error Log Viewer

Automatically Detects =3}

Errorsin Screen Data -

= Allows data checking for both whole
screen data and each screen.

= By double-clicking on the error message,
the error can be tracked down on screen.

All PLC Addressesare

Managed in the /O

Comment Table

= While numerica or character-string tables
are edited, addresses are automatically
allocated in sequence and registered.

» Parts, such aslamps, are available for
referring to PLC addresses and vice versa.

Operating Environment

User -friendly Online Help Functions Computer: IBM PC/AT or compatible computer
= ClicktheHelpicon when you are not with Windows 95

sure how to proceed. The information
you need will appear by touching the
elements on the screen.

Memory: 16 MB min.

Hard Disk: 20 MB min. or the program itself
OS: Windows 95 (see note)

Package: CD-ROM or FD

Note: This application is not compatible with
Windows 3.1 or Windows NT.

232



Programmable Terminal (PT) Section 12-5

12-5 Omron Models

Appearance
“ ! ﬂ
MODEL NT11S NT20S NT30 NT30C
Display
Size 4 line x 20 character 5 "diagonal 5.7" diagonal 5.7 " diagonal
Type Backlit LCD Backlit STN LCD Bicolor backlit STN LCD 8-color backlit STN LCD
Resolution 160 x 64 pixels 256 x 128 pixels 320 x 240 pixels 320 x 240 pixels
Interface Alphanumeric Touch screen Touch screen Touch screen
Touch cells O 72 per screen 192 per screen 192 per screen
Features
Large characters Slim profile Bicolor display 8-color display
Contrast control Easy to configure screens | Full graphic capabilities Full graphic capabilities
Password protect screens | Replacement backlight Replacement backlight Replacement backlight
Memory
Type Flash memory Flash memory Flash memory Flash memory
Size 32K 64-92 K 512K 512K
Max. # of screens 250 screens 250 screens 2000 screens 2000 screens
Graphic Capabilities
Freeform drawing | ] |
Bitmap ] |
Tiling u u
Bar graph | : :
Linetrending = =
Thumbwheel switch u - -
Text and numeric u u
Real Time
Clock n n
Printer Port n u u
Communication
Host link/NT Link Host Link/NT Link/ Host Link/NT Link Host Link/NT Link
C200H Interface
Overall Dimensions
218,y%x113;;%38.2p mm 190w*1101%58, mm 195,y%x142,%55.6p mm 195,y%x142;,%55.6p mm
8.58yx4.45,%1.50p mm 7.48yx4.33,%2.28p mm 7.68wx5.594%2.19p mm 7.68wx5.59%%2.19, mm
Environmental
Ratings NEMA 4 NEMA 4 NEMA 4 NEMA 4
Approvals UL/CSA/CE UL/CSA/CE UL/CSA/CE UL/CSA/CE
Accessories
O Backlight Backlight Backlight
Chemical resistant cover Chemical resistant cover Chemical resistant cover
Protective sheet Protective sheet Protective sheet
C200H Interface B7A Interface B7A Interface
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Programmable Terminal (PT)

Section 12-5

Appearance

Model NT600S (LCD) NT600S (EL) NT620S NT620C

Display

Size 9" diagona 9" diagona 9" diagonal 9" diagonal

Type Backlit STN LCD Electroluminescent Electroluminescent 8-color backlit STN LCD

Resolution 640 x 400 pixels 640 x 400 pixels 640 x 400 pixels 640 x 480 pixels

Interface Touch screen Touch screen Touch screen Touch screen

Touch cells 128 per screen 128 per screen 512 per screen 768 per screen

Features
Large screen Clear EL display Clear EL display 8-color display
Slim profile Extra-wide viewing angle | Full graphic capabilities Full graphic capabilities
Replaceable backlight Slim profile Extra-wide viewing angle | Replaceable backlit

Memory

Type Flash EPROM Flash EPROM Flash EPROM Flash EPROM

Size 128K 128K 512K 1MB

Max. # of screens 500 screens 500 screens 2000 screens 2000 screens

Graphic Capabilities

Freeform drawing | | | |

Bitmap u u

Tiling u u

Bar graph : =

Linetrending = =

Thumbwheel switch u u - -

Text and numeric u u

Real time

Clock L L]

Printer Port L L

Communication

Host Link/NT Link/
C200H Interface

Host Link/NT Link/
C200H Interface

Host Link/NT Link

Host Link/NT Link

Overall Dimensions

275w% 1924x71p mm
10.83wx7.561%2.80p mm

275w% 1924 71p mm
10.83wx7.561%2.80p mm

275yx1921x71p mm
10.83yx7.561%2.80p mm

275y %1961%76.8p mm
10.83wx7.721%3.02p mm

Environmental

Ratings NEMA 4 NEMA 4 NEMA 4 NEMA 4
Approvals UL/CSA/CE UL/CSA/CE UL/CSA/CE UL/CSA/CE
Accessories
Backlight Chemical resistant cover Chemical resistant cover Backlight
Chemical resistant cover Protective sheet Protective sheet Chemical resistant cover
Protective sheet C200H Interface Protective sheet

C200H Interface
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Programmable Terminal (PT)

Section 12-6

12-6

Application

Eervi 1

Production Monitoring

Production or assembly operations can be
monitored with a quick glance using the
graphic capabilities of the NT Series
Terminals. In this example screen, the
graphic representation provides an
assembly line overview. Lamps simulate
motion and can also be used to show
errors, quickly alerting your operators to
problems in production. And error
messages provide the information
necessary to fix these problems fast.

Timers, Counters, Thumbwheels
Replacing or adding timers, counters, and
thumbwheel switches has never been easier.
With the NT Series Terminals you get a
complete selection on asingle screen. And
because there's no costly hard-wire redesign
considerations, you have the flexihility to
choose from avariety of thumbwheel
switchesin two, four, or eight digits and you
can set high/low limits for each.

Pop-up Window Function

A pop-up window function is available on the
NT30/30C and NT620S/620C terminals. Save
on va uable screen space while you input
numbers or characters to change set points,
production targets, lot codes, or product types.
Pop-up windows can a so be used for error
and help messages which means you won't
have to switch off your main screen for
monitoring.
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Section 12-6

FROCESS

Process Monitoring

The graphic capabilities of the NT Series
Terminals make processillustration simple.
On this display screen, bar graphs are used to
simulate tank levels, and lamps show on/off
value or motor status. Combine these graphic
images with the variety of touch switches and
error messages available and you have a
detailed process monitoring application.

Temperature Monitoring

With the NT Series Terminals, you can
easily consolidate many separate gauges,
thumbwheels, and panel metersinto one
convenient control center. Here, temperature
values are monitored on the display using
graphs and thumbwheel switches. Y ou can
set high/low limits on the thumbwheel
switches and use them to quickly change
temperature set values.

Production Monitoring

Track real production levels against target
projections with the NT Series Terminals.
Monitor multiple lines from a single point
and change target values with a quick touch

[=An]n

|

i
750
§ 450
i

o el f':-: |I§
1200
== B0

=1L

[sR=10) -]0]0]

=

of the screen. ——
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Programmable Terminal (PT) Section 12-6

Pushbuttons, Lamps, Switches
These display screens show how the
NT Series Terminals replace hard-
wired pilot lights and pushbuttons with
realistic graphic icons. Saving on
valuable panel space and wiring
expense, additional pushbuttons and
pilots lights can be added easily — just
change your program. Y ou won't need
to endure the costly redesign of hard-
wire devices. A variety of pushbuttons
including: standard, momentary, and
set/reset are available. And with the
NT30/30C and NT620S/620C
terminals, you can use bitmap images
to create ultra-redlistic switches and
lamps.

Custom Graphics

With all the graphic possibilities of the
NT Series Terminals, you can custom
design dynamic application screens for
your plant operation. Freeform drawing
capabilities allow you to accurately
illustrate each stage in the production
process. And bitmap images can be used
with the NT30/30C and NT620S/
NT620C models, alowing you to include
realistic graphic representations of
anything from lamps and touch switches
to company logos. Here, process statusis
monitored using bar graphs to track
actual production valuesto target
projections.
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I nverter Section 13-1

13-1 Whatisan Inverter?

A Inverter isaDevice that converts the incoming AC Voltage Supply into a Controllable
Variable Frequency AC Voltage output for driving an AC Induction Motor.

Typical View of A Omron Inverter
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I nverter Section 13-1

[Conventional Method Over Inverter

3-Phase Input 3-Phase Input

MCCB
Current E— _
Sensor Breaking
L. Resistor

Contactor

hY
e

>

= Overload Inverter
[E=2 rdy

Current |
Transformer E:EEEJ—E

Amphere Display —

Induction = = Induction
Motor Motor

#)
™
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I nverter

Section 13-2

13-2

Basic Function of I nverter

Why do you think Inverter is needed?
There are many and diverse reasons for using Inverter. Some applications, such as paper
making machine, cannot run without them while others, such as paper centrifugal pumps, can
benefit from energy savings.

In general, Inverter areused to :-
»  Match the Speed of a process requirements
» Match the Torque of aprocess requirements
e Save Energy and improve efficiency

Basic Function of Inverter
The Main Function of an AC inverter isto control the speed of an AC Induction Motor.

How?
By supplying a variable frequency current to the motor.

Inverter
— Variable
mp = () Spesd Oviput
L | Variabl
] araple 77—~
50 Hz Fixed ]
Incoming Supply Frequency

The 2 Speed Motor/DOL SPEED

PROFILE
Advantages
e Cheaper than inverter solution
¢ Easytoinstall
*  Fully regenerative
¢ Reduced EMI MOTOR

SPEED
Disadvantages L,_.\
e Large starting current 400 to 500% of 500 %
motor nominal current i
* Highjerk at start and stop
¢ No speed control
e Longer down time to change speed
100 % /\ — \
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13-3  What isPWM?

Itisadigital Pulse Width Modulation signal which is modulated by a reference sinewave.

Modulating
sinewave

Carrier —= /

Controller

Inverter

P WM

Motor Current

(PWM) AC drives use a fixed diode rectifier to provide a fixed DC voltage to the Inverter

Bridge.
Then, in the inverter bridge, high speed power transistor control both voltage & frequency to
the motor.
Intermediate
. circuit
» Rectifier Inverter
Mains —=— o
—i/ Motor
* ~
— 1
| CONTROL & REGULATION |
Reference t ‘Display
RUN / STOP FAULT MONITORING
50 Hz AC Rectification Smoothing PwWM Motor Current

W Variable Freq
- T 29 %

242



I nverter

Section 13-4

13-4

IGBT

m What IGBT can do?
Omron’sinverter employed state-of-art Insulated Gate Bipolar Transistor (IGBT) which

provides precise waveform control that coupled with the high performance of IGBT provides
outstanding benefits that cannot be achieved with conventional inverters.

B High Speed Switching and Quiet Operation

Current Wave Example At 10Hz

HOISE LEVEL [dE)

FREVICLE Fasd INVERTER

L 1 T
PATRCRAAL. P R 530 1500 T 10
o SPEED { rpm )

Employing our original asynchronous high-carrier.... technique for sine wave PWM control,
we have succeeded in eliminating the motor noises that plagued conventional PWM inverters.
Running noise has been reduced by approximately 20dB as compared to conventional PWM
inverters. This quiet operation assures a more comfortable working environment.

B Areawherelnverter can be used

Lifter & Conveyor Packaging Pumps
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13-5

Features of Inverter

B EasytoUse
Constants for basic operations such as frequency setting and accel eration/decel eration time
setting are displayed on dedicated indicators. Therefore, constant numbers can be confirmed
easily.

[ | Eag/ to Install
Very small and Lightweight
The 3G3EV Inverter is approximately half the size of our Low-Noise General Purpose Invertersin
terms of volume and weight percentage. Thisimproves space efficiency and operating efficiency.
e Optional DIN Track
An optional DIN is available. The DIN track enables the user to mount the 3G3EV Inverter on the
DIN trace with a one-touch operation.

] Eagl to Wire
Easy wiring without having to open the front cover
Thisinverter can be wired just by opening the terminal block cover.
e Separatelnput and Output Terminal Blocks
Power input terminals are located in the upper sections, while motor output terminals arein the
lower section.
In thisway, the input and the output terminal blocks are separated according to the contactors.
e Soldering no longer necessary
*  No connector meansno soldering

u Easy to Operate
Switching the operation mode with One-Touch Operation
Theinverter can switch from Digital Operator to a production run using control terminal
switch a one-touch operation

. Checking a test run with various monitors

Output frequency, output current, and direction of motor rotation appear in the display section
of Digital Operator so the mechanical system can be easily monitored during atest run. Multi-
function analog output is also available, which can use for output frequency or current
monitoring.

B Fine Setting Allow Smooth Machine Control
Voltage and frequency fine-tuning, frequency jump, and S-shape acceleration and deceleration
functions are available and ideal for controlling machines that cannot be controlled by conventional
standard inverters.

B Multi-step Speed Selection
Speed selection with a maximum of eight stepsis possible.

B Low Noise
An insulated gate bipolar transistor (IGBT) power element has been adopted to eliminate metallic noise.

B High-torque Operation Even in Lowe Speed Range
A torque rate of 150% can be achieved even in low speed range where output frequency isonly 3 Hz.
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13-6 Omron Models

3G3EV MODEL

3G3XV MODEL

3G3HV MODEL

3G3FV MODEL

i

3G3EV-A [I[][][] / M-E

will F

o

3G3XV-A (Il -E

1

3G3HV-[I[1[1[] -E

3G3FV- (1M1 -E

V/F or Flux Vector

V/F Control V/F Control V/F Control
Control
200V SERIES 400V SERIES
M odel KW Inverter Type M odel KW Inverter Type
01 3G3EV-A2001/M-E
0.2 3G3EV-A2002/M-E 02 3V3XV-A4002-E
3G3EV 04 3G3EV-A2004/M-E 04 3G3XV-A4004-E
0.75 3G3EV-A2007/M-E aG3XY 0.75 3G3XV-A4007-E
15 3G3EV-A2015/M-E 15 3G3XV-A4015-E
22 3G3XV-A4022-E
22 3G3XV-A2022-E 37 3G3XV-A4037-E
3GV 37 3G3XV-A2037-E
37 3G3HV-A4037-E
55 3G3HV-A4055-E
37 3G3HV-A2037-E s 3G3HV-AJOTS-E
1 3G3HV-A4110-E
55 3G3HV-A2055-E
15 3G3HV-A4150-E
75 3G3HV-A2075-E
185 3G3HV-BA4185-E
11 3G3HV-A2110-E
22 3G3HV-B4220-E
15 3V3HV-A2150-E
185 3G3HV-B2185-E 30 3G3HV-BA300-E
3G3HV : 3G3HV 37 3G3HV-B4370-E
2 3G3HV-B2220-E
45 3G3HV-BA450-E
30 3G3HV-B2300-E
55 3G3HV-BA550-E
37 3G3HV-B2370-E
75 3G3HV-BA750-E
45 3G3HV-B2450-E
110 3G3HV-BALIK-E
55 3G3HV-B2550-E
e ey 160 3G3HV-BA16K-E
185 3G3HV-BA18K-E
220 3G3HV-BA22K-E
300 3G3HV-BA30K-E
04 3G3FV-A4004-E
075 3G3FV-A4007-E
04 3G3FV-A2004-E 15 SG3FV-A40IS-E
22 3G3FV-A4022-E
0.75 3G3FV-A2007-E
37 3G3FV-A4037-E
15 3G3FV-A2015-E
55 3G3FV-A4055-E
22 3G3FV-A2022-E
75 3G3FV-A4075-E
37 3G3FV-A2037-E
1 3G3FV-A4110-E
55 3G3FV-A2055-E
15 3G3FV-A4150-E
75 3G3FV-A2075-E
0 Ay AP0 185 3G3FV-BA185-E
3G3FV 3G3FV 2 3G3FV-B4220-E
15 3G3FV-A2150-E
30 3G3FV-B4300-E
185 3G3FV-B2185-E
37 3G3FV-BA370-E
2 3G3FV-B2220-E
45 3G3FV-BA450-E
30 3G3FV-B2300-E
55 3G3FV-B4550-E
37 3G3FV-B2370-E
75 3G3FV-BAT50-E
45 3G3FV-B2450-E
110 3G3FV-BALIK-E
55 3G3FV-B2550-E
e SOy D270 E 160 3G3FV-BA16K-E
185 3G3FV-BA18K-E
220 3G3FV-BA22K-E
300 3G3FV-BA30K-E

Note:  3G3EV-A [][1[1[]-E (Standard Type)
3G3EV-A [][I[I[I/M-E (Multi-Function Type)
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Inverters

Product M odel

3G3XV

3G3HV

3G3FV

-
PR

i

CE"
Frg

_

* Simple operation, with
LED display for
rotation, frequency &
amphere

» Compact insize

e IGBT switching

« Highly compact and
fully silence

« Brake sequence control
frequency or torque
detection

¢ Motor Thermal

 Special indicator for
basic parameter
constants

* Energy-saving control
function

* PID control

Manualess digital
operator panel

True flux vector control
allows DC performance
or higher with a standard
AC induction motor

Features « Low speed high torque Protection for standard | « Effective harmonic * PID control, droop
and smooth shaft and special motor counter measure for control, torque limit &
rotation at low speed « Stall prevention & three power supply ZEro-servo

« Automatic torque boost programmed S-curves * Built-in auto-tuning
» Optional card for close
loop flux vector control

Capacity (kW) 0.1to L5 kW 0.1t0 3.7 kW 3.7 to 300 kW 0.4 to 300 kW

200VAC-230VAC, 200VAC-230VAC, 200VAC-230VAC, 200VAC-230VAC,

Supply Voltage (VAC) 3 Phase/1 Phase 3 Phase/1 Phase 3 Phase 3 Phase

pply voitag 380VAC-460VAC, 380VAC-460VAC, 380VAC-460VAC, 380VAC-460VAC,
3 Phase (Available Oct’ 97) 3 Phase 3 Phase 3 Phase

Supply Frequency (Hz) 50/60 Hz

Allowable Voltage -15% to +10% +10% -15% to +10% -15% to +10%

Fluctuation (%)

Frequency Control Range 05— 400 Hz 0.1-400 Hz

(H2)

Output Frequency Resolution 0.1Hz 0.01Hz

(H2)

Micro-processor 16 bits 32 bits

. 15Fixed V/IF01 / Open/Close
. 15 Fixed V/IF ;
if |
Voltage Frequency Curve Configurable V/F 01 Configurable Configurable / I\_/thp0 lr:qu
Carrier Frequency (kHz) 25-10kHz 25-15kHz 25-15kHz 0.4-15kHz
_— Compo Bus/D

Communication Sysmac Bus - Modbus Sysmac Bus

Standard *No
Analog Output (0-10 VDC) Multi-Function Y es Yes Yes Yes

Standard = 2

Pre-set Speed Multi-function > 8 4 4 8

0-+10VDC

Frequency Setting Signal 04__1200le1(: 0-10VDC

4-2mA
Acceteration/Deceier ation 0.0t0 999 sec. 0.1 t0 600 sec. 0.1 t0 3600 se. 0.1 t0 6000 sec.
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Application
Simple General Difficult Very Difficult
. Tension Control
e Conveyors * Hoist -
Application Eﬁ?j < * Lifters * Low Speed Eilf%g Speed
Examples mp * Grinders * Elevators e
Mixers « Indexer . Extruder Positioning
Load Sharing
3G3HV 3222'@’
M odels Used/ 3G3EV . 3G3EV . 3G3FV 3G3FV plus
Recommended (standard) (multi-function) PGB2 card
3G3XV . 3G3XV

General Machinery Elevators
Machinery with Varying L oads

» Speed/Torque control ensures the stable operation of cutting
machines which have load that can change suddenly.

» High starting torque shortens the positioning time of stacker
cranes.

e The Pulse Generator ensures high holding capability at 0 Hz
and precise positioning.
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i
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Fan Pumps
Air Flow Control Current Control

» The optimum air flow control can be found according to the

room temperature.

* No contact air flow control improves safety and reliability
compared to control based on the tuning ON and OFF of
contacts. And finding the optimum air flow aso cuts down on

energy usage.

* More efficient current control saves energy compared to

controlling the amount of current by adjusting valves.

» Even during momentary power interruptions, the speed search
function continues operation without stopping the motor. This
eliminates problems caused by motor stoppage.
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Servo Section 14-1

14-1 What isa Servo System?

Servo derives form the Greek word call Servus (Servant).

The system is called a Servo System because it responds faithfully or precisely to positioning
commands.

Strictly speaking, it is a system to control mechanisms in compliance with the variation of
position or speed target value (designated value, command value).

Typical example of a Servo System

IBM PC/AT or
compatible

1BM PC/AT or
Peripheral compatible

bus

External

Power Supply Unit input
CPU i

Control cable

Servodriver Servodriver
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14-2  How does a Servo System work?

Command pulses  +

(Positioncommand)  — I

The Servo System uses a feedback loops. In a feedback loop, the response value is feed back
after the command so that the difference between the response and command values will be as
close as possible to zero.

A Servo System consists of 3 feedback |oops (i.e. position loop, speed loop and current loop).

Position gain Speed gain Current gain Motor
+ +
Deviation counter —— M

Current feedback
Speed feedback
Speed detection
" Feedback pulse (position feedback) - Encoder
or resolver

| ' .
| ! i
| i |
Position Control Unit with analog output ! _ Servo Driver with analog input i Servomotor !

| |

i |

Position Control Unit with ! |

pulse-train output o Servo Driver with pulse-train input o

Position L oop

The position loop is used to let the rotation angle of the motor reach the desired position
(i.e. the desire rotation angle) that was externally designated.

The speed command is output from the position loop to the speed |oop.

The position loop feeds back the position data (i.e. the information on rotation angle) of the
encoder or resolver.

Speed L oop

The Speed Loop is used to let the motor rotate at the speed designated by the external analog
speed command or the speed command that is output from the position loop.

The current command is output from the speed loop to the current loop

The speed loop feeds back the speed data of the encoder or resolver.

Current Loop

The current loop provides the motor with the current designated by the current command that

is output from the speed loop.

The current loop feeds back the motor current value.
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14-3

Positioning M echanisms

The servo system is not the only aternative to control positioning and feed speed of
mechanical facilities. Beside simple mechanical devices, however, the servo system is now the
major control system to positioning and feed speed.

Simple mechanisms
Low cost
) Available high
lind <1 :
einder T ﬁm speed operation
Stopper
<>
Simple Camsysen <) )
positioning
Clutch
& brake
Clutch
& brake of]
Precise.
Position High speed.
Controller| | EGSY 1O chgnge
target position and
feed speed.
Semi-closed Position
) loop Controller
Flexible
positioning by
servo motor v
'I:gg:l osed Servo motor Position
Controller
No maintenance.
v High speed
Change to AC servo motor response.
Simple mechanism.
l No backlash.
Linear motor A/ No trouble about
Position gear life.
I . controller
Rotor
. . Direct drive
Direct driving ~ Position
system . controller
~ A
Stator (coiling side)
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14-4

Three Typesof Control Systems

At present, there are three mgjor control systems: 1) open loop, 2) semi-closed loop, and 3)
full-closed loop systems.

System Configuration
Open log
P P (Reduction gear)
[ fane | .__‘} Position
£ ] = Stepping Controller
Ball screw ! motor (NC Controller)
Semi-closed loop
- —
= 2 | motor controller
Ball screw'_I o (NC Controller)
(Reduction gear) T Rotary encoder I
Full-closed loop I
# Table Position
C— | Requction gem) controler
| | el Seon (NC Controller)
(777 [
Ball screw —

Features of each system

Open loop Semi-closed loop | Full-closed loop
Control system Simple Little complicated | Complicated
Detection method None Not required as Required
installed in motor
Against load Week Strong Strong
fluctuation
Precision Mechanical Mechanical By precision of
difference difference detector
Difference Difficult to correct Correction Correction not
(backlash pitch available required
difference)
Motor Stepping motor AC sarvo AC servo
DC servo DC servo
Feed rate Low High High
Cost Chesp Little expensive Expensive
Complicity of system | Simple Little complicated | Complicated

configuration
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14-5

Servo Motor

1. Difference with Other Conventional Motor

Basic construction and operation principles of the servo motor are the same as general
conventional induction motors. But they have been redesigned to meet high precision, high
speed, high frequency positioning and speed control of mechanical facilities.

2. Typesand Features of Servo motors

Servo motors are classified into DC servo motors, and stepping motors. There are two varieties
of AC servo motors; synchronous servo motor and induction type servo motor.

Classification of servo motor

Servo motor

Synchronous servo (brushless DC servo motor)

Induction type servo motor

motor

Features of each servo motor

Thisis OMRON AC servo

Stepping motor DC servo motor | Synchronous Induction type
servo motor servo motor
Capacity Lessthan 100W | Lessthan 500W | 100 to 2kW 2kW or up
(watt)
Compact and Smaller outside | High speed and High speed and
high output. dimensions and high torque. high torque.
Cheap. large torque. Good operation No need
Advantages Good operation | efficiency. maintenance.
efficiency. No maintenance Durable.
Good required. Large peak
controllability. torque.
Cheap.
Out-of-stepand | Limit at Expensive. Bad operation
magnet noiseat | rectification. efficiency with
low speed Low reliability. medium capacity
operation. Requires models.
Disadvantages mai ntenance. Complicated
control circuit.
Expensive.
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3. Construction of AC servo motor

jul

Hereafter, synchronous
servo motor referred 1o as
AC servo

()

Magnetic encoder

Armanzre iron core
Pemmanent magnet

e Features of AC servo motor compared with DC servo motor
Permanent magnet is built-in the motor...Rotating field type.
Coils are provided on the stator..... ... ......... Static armature.

In other words, electrical functions of rotor and stator are reversed.

AC servo motor does not have the commutator and brushes which DC servo motor has.
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4. Comparison Between AC & DC Servo Motor

AC servo DC servo
Life <Bearing life> <Brush life>
20,000 h or up. Normally, 3,000 to 5,000 h
Varies considerably due to
load and environmental
conditions.
Maintenance <Not required> <Required>
No mechanical contact. Required periodical check
(No brushes, commutators) | and replacement of
brushes.
Sound nhoise <Quiet> <Noisy>
Due to brush contacting
noise.
Electrical noise <None> <Exist>

No noise as no brushes.

Noise occurs due to
actuation of brushes.

Efficiency <Excellent> <Good>
Good cooling efficiency as | Rectification loss occurs.
heat radiates from stator. Bad cooling efficiency due
to rotor heat.
Against overload <Good> <Medium>
Large thermal time constant. | Small thermal time
High speed and large constant.
torque. Limited current dueto
brush flashover.
Response characteristics <Very quick> <Quick>

Large power rate.

(Small rotor inertia and
large torque until high speed
range.

Small power rate.
(Largerotor inertia.
Decrease torque at high
speed range.)

Cleanness

<Good>
Clean as no brush powder
OCCUrs.

<Bad>
Brush powder occurs.
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14-6  Servo Driver

A Servo Driver isapower device use to drive a Servo Motor. It consists mainly of Power
Transistors & Diodes that are constructed in a Dartington Power Transistor Bridge
Configuration.

Transistors are turned on/off in pair, that means either Transistor A & D are on for the
Clockwise direction or Transistor B & C are on for the counter-clockwise direction.

1 Typical Servo Driver

L et us become familiarized with the circuit and operation of PWM transistor driver, whichis
one of major drives for servo motors.

Transistor PWM
An example of main circuit

Operation

Comparator j&
Tr

Command voltage % ~|.| >| Trs
Standard triangle wave 7AVAYAVL ZS FT"“

Trs
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W AC Servomotors Conforming to EC Directives (Incremental Encoder)

B AC Servo Drivers Conforming to EC Directives

*1. The motor shalt must be straigl
*2. Hefer to the Catalogs for OMM

ht with a key groove.
LG U Sertes or Ui-series UE Models

for specifications and functions of the above models.

Speclfizations Madsf Specifications Model
30W | RGBM—U03020VA-S1 30W | RBBD=UAQ2Y
50W | RBEM-UD5030VA—S1 50W | RBSD—UAO3V
100W | RE8M-LI10030VA-51 ‘Singlephase |4 pow/| REBD-UAOSV
200W | RBEM ~)Z0030VA—51 = 200VAG - T 500uy | RBBD-UADBY
400W | R85M-U40030VA—S1 2 input A00W | R8BD-UATZY
200-VAC | J50W | R38M-U7S030VA-81 4 FEOW | RBBD-LAR0Y
2 inpul 1KW | RBEM-UTKD30V-51 ® 30W | RESD—-UAQaW
£ 1.5kW | RBBM -U1KE30V—81 < | Single-phase | 50W | R8BD-UADAW
2 2k | REBM-U2K030V—51 100-VAC | 100W]R8BD-UAIOW
= 3KW | AeaM —U3K030V—51 Input 200W . RB8D—-UATZW
H Ak | ABBM-U4KO30V—51 " 300W | R8BD-UATSW
SN | B8N _USKO30Y-51 2 30W | RegD—UP0ZV
30W | FiBaM-U0a030WA-S1 @ ) BOW | R88D-UP03V
100-VAG 50V | A88M-LI05030WA-S1 = = S‘gg'g“l?f‘gse 100W-| R88D—-UPO4Y
nput 100 [ A28M_U10030WA_S1 a input 200W | REBD-UP0aY
” 200W | RBAM =U20050WA—S1 = 200W| RBBD-UP12V
§ 300W | R88M-U30030WA-S1 s 75OW | RBBD—UP20V,
» 30W | ReaM~103030vA-5851 3 30W | RBBD-UP0ZW
2 50W | ABSM—U05030VA-BS1 7 | Sindeshase [ sow]| FsgD~uPgaw
100W | R88M-U10020VA-BS1 100-VAC | 100WY | Re8D—-UP10W
200W | R8BM-LI20030VA-BST input 200W | R86D-UP12W
400W | R8sM-1140030vA-BS1 300W | R8BD-UP16W
200-VAG | 750W | RBSM-UJ75030VA-BS1 kW | RBBD-UT24Y
- inpt 1kW | RBBM— L KO30V—BS1 1.5KW | R88D—UTA0V
3 1.5KW | RBBM - K530V-B51 >3 2kW | REB0=U TG0V
3 2kW | RBEM -URK020V-BS1 EE o 3KW | RE8D-UT20V
£ BKVY] RBBM-U3KOA0V -85 1 g § [Sndlephase —o
E 2 | RaBM-USKO30Y—65 1 E g EOQ-VAC SR R88D-UT110¥ {586 notes 1 and 2}
GkW | RBSM-USKOB0V-BS1 § E input kW | RBBD-UT24V—RG {ste note 1)
30W | RB8M—U03030WA-BS1 S E 1.5KW | R88D—-UT40Y-Ra {see note 1)
SO0VAG 50W | R88M—U05030WA-BS1 kW | RBBD- UT60V—RG (see note 1)
" 100W | R88M—U10030WA-BS1 KW | RBBD-UT80V-RG (see note 1)
Thput Z00VY | RBSM —UZ0030WA-BS1 2 = | Singisiass |I00W] REBD-UERGSY
300V | Ra8M-UB00B0WA—BS1 3 a ’;gmf.’xc 200W | RBSD-LEPDaY
100W | R88M - UE 0030V —51 = b input 460W | RBBD—UEP 15V
2 200-VAC | 200W | R83M-UE20030V-51 5 k| 750w | R88D-UEPZOV
g input 400W | R86M-UE40030V~S1 B @ | Single-phase. |_100W | RBBD-UEP10W
B 2 750W | R8BM-UE75030V—51 g & 100VAG | “200W RaaD-UEP12W
§ s 100VAG 100N REEM-UET0030W=81 E) irtput 300w | RESD-UEP15W
= z input 200W | REEM ~LIEZ0030W - 51 Mote 11 Modsals requiing extsmal regenstative rasistors. Se sure 1o connect
E S00W | RBSM ~UES0000W 51 external regenerative resistors.
] 100W | REBM-UE 0030V -BS1 Note 2: The initial parameters of the REBD-UT110V are set lo the settings
2 ® 200-VAC | 200W | RBEM-UE20030Y-B51 for the 4-KW motars.
3 & input 400 | REEM—UE 40030V —BS1
= = 750W | R88M-UE75030V—BS1 B External Regenerative Resistor Conforming to EC Directives
E 100 | REEM-LIE10030W~B51 F
g g X [ Specifi Model |
T e | o = |
. OW—B31
B AC Servomotor Conforming to EC Directives (Absolute Encoder; B Encoder Cables Conforming to EC Directives (For 30- to 750-W Models)
Specifications X Model peci i Model
J0W | RasM-UI03030XA-51 3in | R&8A-CRUDODAC
50W i Ré3M-~U05030XA-31 & | REBA-CRUDDOSC
100W | RaeM ~UT0030XA—51 . "'Drmof-TsWﬂll 100 | RBBA—CRUDOTOG
 [Faoow| Resu-usoaaoiaces e 15 | A53A-GHUDO 50
200-VAC [ 750W ] RBSM-U75030XA-51 20m | Rosh-CRUDCZ0C
i input TV | RABM-U1K030X—51 S | R8SA-CSUDO03C
5 1.5KW | RBBM-U1K530%-51 For motors with Sm | REBA-CSUDO0SC
I 2KV | RBBM-U2K0B0X 51 Bsol 3 10m | R3BA-CSUDOT0C
& 3kWW i RBBM~U3K030X-S1 15m | REBA-CSUD01EC
z kW | R8BI ~U4KOB0X-S1 | 20m [ResA-csupozoc
5KV | DM -USK030X-51
30W { RBBM-U03030YA— 51
50W | R8aM-U08030YA—S1
HOVAC ™ how | ReBH-U10030YA-S1
2 et 1 200w | ReaM-U20030YA 51
H 300W | RESM-U30030YA-S1
@ 30W] R8BM-UD3030XA—BS1
= 50V | R8aM-U0B030XA-B51
100W | RgM=-U10030%A-BS1
200W | R88M—-U20030XA—BS1
400W | R88M-U40030XA-551
200-¥AG | 750W| R8BM-U75030XA-BS1
input XV RBBM-U1K030X-BS1
3 1.58W.| Rash-1J1K530X-BS1
z 20N | R8BM-U2K030X-BS1
= 3| R8BM-U3KO30X~BS1
z 40M | RESM-U4K030X~ES1
SEW | REBM-USKOZ0X-ES1
30W | R8sM-UG3030YA-B5 1
50V [ REBM-UG5030YA-BS1
WOVAG o | ReeM-U10080Y A-BST
Pt 200w | RBGM-U20030YA-BS1
300V | RBSM-U30030YA-BS1
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Conform o E
S
Tha Telicwing 2 )
erectives and Im-mhuﬁ fives (LVO]
= Sorndrnr mm.‘ E 1
MD o : EmE
& Baremolors | : Er-ﬂ:rl
The : m_. )
i =, -\._.I'
et iy ﬁ g -‘""'-J;.-'--,RL'.,"
A Wide : Rl
The LI sarnies
rcdels.
Series Supply woltage |  Driver | Servomabor
o 200 VAL 12 models | 12 models
100 WAL 10 madels | 10 models
-y | 200 WAL 4 rmdols B mesdols
UE Models | o0 s Amadels | & madels

System Configuration

el by E A
"2 The oo e i requined ko ducng rens hsmrasicr.

1. o ecpresansd iy e Dewe Dedsz roma B inire isble sa fai ha ryren

B Mazisa Fillar Meatling BEC Directives
(Dkaya Electric indusirios Co, Lid ]

0 V: For 30 w0 100 W

100 V: For 30 and 50 W | e bnieERE A
Foar Driake gerwer supphy.

HO0 W For 208 and &0 W

100 '¥: Fer 140 W G|~ B4
W For 75 W

08 ¥ o 200t 300 LB IOH-EPR-4

Flpy W S e T

Applicable Series

OMMNUC U Series
& Compact moels with powerful functions.
# High-spesd, high-grecision contral.

OMNUC U-series UE Models

& Easy-1n-use with simglilied funclicns,
W Exeellen cosl perioemance.

'ﬁf-—’ | suppiy s, appiiatie mator capao Sarodivar | el
i& # FRE WAL R = Anakog, pubm mn rcramanial
i‘“’ﬁ" 100 VAT S ——————— | Amalog pobwmem rcrwrmanial
| EE AT ' O R T S Pokei v WaroTiaal
Imhﬁ“' 100 WA S Pukhs wins L
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14-7 Omron Models

e AC Servomotorsand Servo Drivers
Omron Mechatronic System Components

OMNUC U Seriesand U-series UE Models

New Models Conforming to EC Directives for OMRON'’ s Popular AC Servomotors and Servo
Drive 1- to 5-kW models have a so been added.
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Servo

Application

14-8

OMRON Servo Drivers & Servo Motors are used in various precision demanding

Applications. There are some examples listed below.

2. Auto Assembly Line

1. Automatic Storage & Retrieval System
(ASRS)

3. Feeding System

4. Glue Dispensing System
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