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1. OUTLI

NE

1-1 TYPES OF STARTER, CONTACTOR AND THERMAL OVERL@ARELAY
The types of starter, contactor and thermal ovetloalay are listed below.

Table 1. Applications and types

{
{

- With push-button (with enclosure)

Reversible type
- Without enclosure Non-reversible type
Reversible type

- With saturation reactor

- With mechanical interlock

- DC operated type { Direct input coil type
Double-coil type

- With latch

- With twin contact

- With latch

- DC operated type

Starter Contactor Contactor relay Thermal overload
relay
Application | Start, stop and Start, stop and Used in operating Protection of motor
control of motor. control of motor. circuits of starter, from overload,
Protection of motor Used as starter in com- | contactor , electromagnet restriction and
from burning due to bination with thermal and solenoid valve, and | single phase failure.
overload and overload relay. sequential control of
restriction. automatic operation,
etc.
Types - With enclosure Non-reversible type - Standard type - 2-phase type

(1E thermal over-
load relay)

- 3-phase type
(1E thermal over-
load relay)

- For protection of
overload and single
phase failure
(2E thermal overload
relay)

- With saturation
reactor

- Quick response type

- Quick response type
2E

1-2 STANDARDS FOR STARTER, CONTACTOR AND THERMAL (BRLOAD RELAY
The main standards for starter, contactor and thedranerload relay are as follows:

(1) General st

andards

Table 2. General standards

Name of Name of standard Necessity of
country approval
International IEC 60947-4-1 | Low-voltage switchgear and control gear None
- Part 4 : Contactors and motor-starters,
Section 1-Electromechanical contactors and motartgrs
Japan JIS C8201-4-1 Low-voltage switchgear and raargear None
- Part 4 : Contactors and motor-starters,
Section 1-Electromechanical contactors and motartgrs
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Japan JEM 1038 AC Electromagnetic Contactors None

JIS C8201-5-1 Low-voltage switchgear and control gear None

- Part 5-1: Control circuit devices and switchiglgments
- Electromechanical control circuit devices

JEM 1356 Protective Relays of Thermal type and Electromagnet None
type for Induction Motors
Electrical Appli- | Ac Electromagnetic Switches Necessary
ance and
Material Safety
Law <PSE>
U.S.A. NEMA ICS Industrial Controls and Systems None
UL 508 Industrial Control Equipment Necessary
Canada CSAC22.2 Industrial Control Equipment for Use in Ordinary Necessary
No. 14 (Non-hazardous) Locations
China CCcC China Compulsory Certification Necessary
GB14048.4

(2) Standard for vessel
Table 3. Standards for vessel

Name of Name of standard Necessity of

country approval
Japan NK Regulations for Steel Ships, Nippon KKijokai Necessary
U.K. LR Lloyd's Register of Shipping Necessary
France BV Bureau Veritas Necessary

1-3 SERVICE ENVIRONMENT
The performance of starter, contactor and thermarioad relay is guaranteed under the following mat service
condition. Therefore, if they are compelled to bged under an adverse service environment diffefesrh the normal
service condition, it is necessary to take intosideration the conditions given in paragraph (2).

(1) Normal service condition

(a) Ambient temperature: °6 to 40C (Usable up to 5T without enclosure)
(b) Relative humidity: 45% to 85%
(c) Altitude: 2,000m or lower
(d) Conditions free from abnormal vibration and sko
(e) Conditions free from risk of water or oil spkas
(f) Atmosphere free of corrosive gas, combustibde gdust, vapor, salt, etc.



(2) Adverse service environment

(a) High ambient temperature:
When the starter and contactor are used at an amkiemperature higher than the temperature of tloemal
service condition, it is necessary to take into gidreration the reduction of load current lest themperature
(ambient temperature + temperature rise) of the dadl part and terminal exceed the maximum allowable
temperature and use of heat-resisting wire.

- Maximum allowable temperature
Phenol-resin molded part : 135
Terminal: 108

(b) Low ambient temperature:
The tripping characteristic of the thermal overloaelay cannot be guaranteed at a temperature lovhem
-5°C and the performance of starter and contactor ieatéd by cold brittleness of metals and insulating
materials at such a temperature. Therefore, it écessary to take into consideration heating by ftiog the
inside of the board with a space heater to enshag¢ the temperature there does not fall belo%¢-5
However, when the starter and contactor are exposedporarily to a low temperature during transparbda
to a cold area, even such low temperatures ofG3® -40°C are no cause for concern. It is necessary, though,
to take measures against deformation due to revéeseding of bimetals and brittleness of insulatimgterials,
thus when placing an order, please inform us ihgportation to a cold area is involved.

(c) High humidity:
In case of high humidity, there is the danger ofvdoing of insulation and decrease of the electriealdurance,
etc. Accordingly, it is necessary to adopt an appi@te protective structure and perform sufficiem&aintenance
and inspection.

(d) Adverse atmosphere:
If the starter and contactor are used in an atmesphcontaining much dust, corrosive gas, combustipas,
salt, etc., it is necessary to provide a protectsteucture which is dust-proof, corrosion-proof,péosion-proof,
etc.

(e) Places where vibration and shock are great:
The starter and contactor should not be installeceatly to a machine, equipment, etc. producing tparlarly
great vibration and shock. If it is unavoidable itostall in such a condition, a vibration isolatirdevice should
be provided.



2. CONTACTOR

2-1 STRUCTURE AND OPERATION
2-1-1 Standard Type Contactor

(1) Structure

The contactor is roughly composed of the followihgarts.

(a) Part of contact:

(b) Part of electromagnet:

(c) Part of frame:

(Case and cover)

table.

Part through whichuarent passes, and at which a circuit is opened doskd.

Part of power whichveothe part of contact.

An external frame hougihe contact and the electromagnet to constitupeotective

structure for improving gafety, such as insulation, etc.
Moreover, the structure consists of the horizomlainger and the link structure types as shown ia fdllowing

Table 4. Horizontal plunger and link structure

Outline

Features

Frame used

Horizontal plunger

- Working directions of the moving

- Simple structure

- Movement of the moving core is

vertical.

- Compact and
light weight.

contact and moving core are 8C ~ 250C
horizontal.

Link structure - Movement of the moving contact - Light shock to
is horizontal. mounting board . 300C~ 600C

The exploded view of H35 as an example of the hmrial plunger type, and that of H300C as an exanople

the link structure are shown in Fig. 1 and Figr&spectively.




{ Contact part) { Frame Part)

"] e
Aux.fixed contact < ——— =% Cover
& Insulated cover
Fixed contact ® Insulated crossbar
‘Aux.moving contN
Aux.spring holder_ | — B
Aux.contactspringl g
- '
Contactspring—— 8 & ! |
Spring holder ] 3 - (Electrom_agnet part) .

Moving contact =, 1~ Moving core

a8
Buffer spring

~Holding plate |

\ leed core
I Q Buffer gum

" Return spring

{ Contact part)

| - Fixed contact

( Frame part)

Insulated Terminal
cover
| Insulated _______h' ! .
base ]
7 Aux.contact block
Insulate ' |-
crosshar < Sprin -
' | Spring suppo
and ' Spring holder L
Case,Holding plate -
] | Moving contact
| Contact spring

Moving core

Core guide |

Pin — |

Coil

'Fixed:frame'

Fixed core

Helding
plate

Buffer gum

Fig 2. H300C (Link-structure)
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(2) Operation

Moving contact

\ |/

Fixed contact Moving core Coil
)
4

]

Contact spring

: g
10 9 | =1
A ]

Fig. 3

Fixed core

When applying voltage to the coil, the electromatgn® excited and the moving core is attracted te tfixed core,

then moves in the direction of the arrow. The mayiocontact linked to the moving core comes into @mttwith

the fixed contact and closes the circuit. Then,teat pressure and contact over travel are appliedhte contact

by means of the contact spring.

When releasing the excitation of the coil, the mmayicore is separated from the fixed core, and thavimg contact

parts from the fixed contact, and opens the circuit

The above movements are shown in Fig. 4: operadiagram.

Operational
switch

Coil voltage

Coil current

Main contact

Aux. NO contact
Aux. NC contact

Gap between
moving core and
fixed core

Over travel of
main contact

Contact pressure

ON
OFF

ON

OFF:

ON

OFF

ON

1

/ANEYANERVA

NV

Rush current

LN Pl

: V\ Surge voltage

/ Contact bounce

IL/

4

[
—
\

/

d

Fig. 4 Operation diagram



2-1-2 Features of Link Structure
When using the link structure for a large-capadcitgdel,
- the shock to the mounting board given by the opieraof the contactor becomes small;
- compactness and light weight can be realized;
- contact bounce produced when closing can be deedka
(1) What is the link structure?
The link structure is shown in Fig. 5, and is délsed below.
- A link connection is made so that the contact parfaible to operate horizontally by keeping the king direction
of electromagnet in parallel with the mounting bdasurface. (Thereby, reducing the shock to the ntmohboard).
- Compactness and reduction in weight is achieveglhging the electromagnet just under the contact.
As a result of adopting such a structure, contastince produced when closing is decreased, thus etHykim-

proving the performance of large-capacity models.

Fixed core

Contact B

a

Coil

'
/////j/ 77

|__ PO— \\\ Moving core

Fig. 5 Link structure

(2) Shock of link structure products to mountingabd
Shocks in the case of horizontal plunger type (domtact and the moving core move horizontally inethame
direction) of small- and medium-capacity models aindthe case of link structure of large-capacity dels are as
shown in Fig. 7. It can be seen from the graph ttle¢ shock even in the case of large-capacity modelless than

6 times that of H20.
6_
700 3.2t (Iron plate) _r
u = 4
RIS
o = g
S
O
— =
Shock recorder
0 | | | | | | | |
20 35 65C 80C 150C 200C 300C 600C
25 50 100C 250C 400C
125C
Contactor Horizontal plunger |Link structure
Fig. 7 Ratio of shock
Fig. 6 Measurement of shock (assuming that the shock of H20 is 1)

applied to board by operation of contactor



2-1-3 Latched Contactor

Closing electromagnet
A,

- Al
. . Closing coil ' e
Fixed contact Moving core e Fixed core Releasing coit

Release electromagnet
P

Fixed core

Moving core
/

Concave parts Rod .
Return spring

Fig. 8 Open condition Fig. 9 Closed condition

Latched contactor has two coils, one is for closimgd the other is for releasing. The structure loé ttatched con-
tactor is shown in Fig. 8 and Fig. 9. When the klgscoil is excited, the moving core is attracteal the fixed core
so that it moves in the arrow A direction, and theving contact linked to the moving core comes ircantact
with the fixed contact, then closes the circuit. te same time, the rod linked to the moving coreves in the same
direction as the moving core and the concave of thé moves to point(a), then the moving core of the release
electromagnet moves in the arrow B direction sotasngage with the concave part. In this state, ohaving core
of the closing electromagnet is mechanically hetdthat even when resetting the excitation of thesitlg coil, the
contactor is still in closed condition.

When the releasing coil is excited, the moving caferelease electromagnet is attracted to the fixede so that it
moves in the direction of the arrow D shown in F&y.and the moving core disengages from the conaafvehe rod.
Then, the moving core of closing electromagnet nsove the direction of the arrow C by the force dfet return
spring, and the moving contact linked to the moviagre separates from the fixed contact, and simudtausly
the circuit opens. The operating circuit is shownFiig. 10.

(Explanation)
ON: Closing by means of excitation of CC, which cde held me-

gl_o,, L OFE o —‘]}0” chanically. After closing, contact NO is in "ON" ste, and

For
(T% (i\ . contact NC is in "OFF" state.
c cC
T, z/ OFF: Releasing by means of excitation of TC. Aftealease, contact
NC _{ NO Mc,— --—no " " "ON"
s 7 NO returns to "OFF" and contact NC, to "ON". Contac
NO and NC are built in. The explanatory figure shsow case

Before After close
close (in a latched where the power sources of ON and OFF are the sakhawv-
state) ever, even if they are different, the same ON/OFpemation
Fig. 10 Operating circuit is possible.

(Note) ON and OFF contacts should be interlocked.
Remarks: CC: Closing coil
TC: Releasing coil (Tripping coil)



Fixed ‘contact Fixed contact Closing coil

Moving contact : \ Coil \

Moving contact | f j Holding coil

N

N\ W —lr7 Y

! |

RSSO N

|
!
N

fESSS

AN

LLLLLLL

/ Z f///i]]T/ [r o A a2
4
%
/ L
-/- 1 A4 \ \
I “ i
- Fixed I
Moving core 1xed core Movi/ng core Fixed core
Fig. 11 Direct input coil type ig- 12 Double coil type

(1) Direct input coil type
Because of the temperature rise of the coil, DCctetemagnet is larger than AC one, thus DC operatedtactor
is higher than AC operated one.
(Operation)
When the coil is excited, the moving core is attesicto the fixed core, and the moving contact lidk® the moving
core comes into contact with the fixed contact, nthadoses the circuit. When the coil is releasedmfrexcited condi-
tion, the moving core separates from the fixed caredl the moving contact parts from the fixed contaben opens
the circuit.

(2) Double coil type
The dimension of double coil type DC operated camda is the same as that of AC operated one. Thebko coil
is a coil which has 2 coils, closing coil and haldicoil wound on the coil bobbin.
(Operation)
When a voltage is applied to the coil, a currerowB only to the closing coil, the moving core idratcted to the fixed
core, and the moving contact linked to the movirmyeccomes into contact with the fixed contact, thadoses the
circuit. A current flows to both the closing coihd the holding coil just before the moving core @sminto contact
with the fixed core; the current is reduced by agkresistance of the holding coil, and as a restiie temperature
rise of the coil is controlled. The operating ciitcis as shown in Fig. 13.



H80C-G ~HI25C-G

(Explanation)

(1) When BSa is closed, current flows a4)(— BSS — BSa
— 52b — (CC) — (—) and is excited only at (CC) coil and
picked up.

(2) When picked up, the changeover 52b contact spearrent flows
as (+)— BSS — 52a— (HC) — (CC) — (—) and is excited at
both coils HC and CC. After pick-up, the internasistance of
(HC) is large in comparison to that of (CC) so amt decreases
and heat loss of the coil is reduced.

©)
Remarks : CC: Closing coil

Fig. 13 Operating circuit HC : Holding coll

2-2 PERFORMANCE
The performance of the contactor is guaranteed dayying out a test under the testing conditions feeth according
to the standard and satisfying the value specifiedrein. The testing conditions vary with the typafsloads, which
are classified into categories from AC1 to AC4 aseg in Table 5.

Table 5. Utilization categories (IEC 60947-4-1)

Category Typical applications
AC1 Non-inductive or slightly inductive loads, resist@nfurnaces.
AC2 Slip-ring motors: Starting, plugging.
AC3 Squirrel-cage motors: Starting, switching off maauring running.
AC4 Squirrel-cage motors: Starting, pluggi®ginching?.

1) By plugging, is understood stopping or reversihg motor rapidly by reversing motor primary
connections while the motor is running.

2) By inching (jogging), is understood energizinghator once or repeatedly for short periods to
obtain small movements of the driven mechanism.

The major test items to determine the performarfade contactor are as follows.

- Temperature rise test

- Making and breaking capacities test

- Mechanical endurance test

- Electrical endurance test

(1) Temperature rise test
When the temperature rise becomes constant afterrahed operational current or rated thermal cutrieas flowed
to the main circuit and auxiliary circuit, the teemature rise of each section should be measured. t€mperature
rise mentioned above must not exceed the spedifieids given in Table 6 and Table 7.
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Table 6. Temperature-rise limits for insulated soil air (IEC 60947-4-1)

Class of insulating material Temperature-rise limit
(measured by resistance variation)
85 K
100 K
110 K
135K
160 K

I M @ m >

Table 7. Temperature-rise limits for the variousteraals and parts (IEC 60947-4-1)

Type of material Temperature-rise
Description of part limit (measured by
thermocouple)

Contact parts in air (main, control and auxiliagntacts):

- copper uninterrupted duty 45 K
{ eight-hour, intermittent , or temporary duty 65 K
- silver or silver-faced 1)
Bare conductors including non-insulated coils 1)
Metallic parts acting as springs . 2)
Metallic parts in contact with insulating materials 3)
Terminals for external insulated connections 70 K

1) Limited solely by the necessity of not causingyalamage to adjacent parts.
2) The resulting temperature shall not reach a galuch that the elasticity of the material is invgai For pure
copper, this implies a total temperature not exoegd-75C.

3) Limited solely by the necessity of not causingyalamage to insulating materials.

When no current is passed to the main and auxil@rguits and opening and closing operations in [Eabcorre-
sponding to the intermittent duty class are perfednthe temperature rise of the coil shall not exicehe limits
as given in Table 6.

Table 8. Operating condition (IEC 60947-4-1)

Intermittent duty One close-open Interval of time during
class of the operating cycle which the supply of the
contactor every control coil is maintained
0.1 300 s 180 s
0.3 120's 72s
30s 18s
12s 48s
10 3s 1.2s

The class of insulating material of coils is A oraBd contactors satisfy the requirement of ClassflDable 8.
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(2) Making and breaking capacities
The contactor is defined by its making and breakioagpacities in accordance with utilization categerispecified in
Table 5.
The tests concerning the verification of the makiagd breaking capacities of the contactor are idexhto verify
that the contactor is capable of making and bregkihe currents stated in Table 9, and not to vethg contact
wear over long periods of operation.
The verifications of making capacity and breakimgacity are madeas separate tests.
1 . Making capacity
The number is 100:50 operationaf which are made at 85% and 50 operations at 1aD#e rated coil voltage.
2. Breaking capacity
The total number of opening operations to be mad25i
During tests within the limits of specified makirend breaking capacities and with the specified nambf opera-
tions, there shall be no permanent arcing, no ftaweh between poles, no blowing of the fuse in theeth circuit and

no welding of the contacts.

Table 9. Conditions for making and breaking corrasging to the several utilization categories (IE@087-4-1)

Category | Value ofthe rated Make Break
operational current
I/le U/Ue cosp (1) Ic/le Ur/Ue cosp (1)
AC-1 (All values) 1.5 1.1 0.95 1.5 1.1 0.95
AC-2 (All values) 4 1.1 0.65 4 1.1 0.65
les 17A 10 1.1 0.65 8 1.1 0.65
AC-3 17 A< le= 100 A 10 1.1 0.35 8 1.1 0.35
le >100 A 8 (2) 1.1 0.35 6 (3) 1.1 0.35
le=17A 12 1.1 0.65 10 1.1 0.65
AC-4 17 A< le= 100 A 12 1.1 0.35 10 1.1 0.35
le >100 A 10 (4) 1.1 0.35 8 (2) 1.1 0.35
le; Rated operational current U; Voltage before make
Ue; Rated operational voltage Ur; Recovery voltage
I; Current made Ic; Current broken.
1) Tolerance for cog: £0.05
2) With a minimum of 1000 A for | or Ic.
3) With a minimum of 800 A for Ic.
4) With a minimum of 1200 A for |I.

(3) Mechanical endurance
With respect to its resistance to mechanical weae contactor is characterized by the number oload operating
cycles (i.e., without current on the main contgctshich can be made before it becomes necessargetoice of
replace any mechanical parts.
The contactor shall be installed as for normalvsés; in particular, the conductors shall be contedcin the same
manner as for normal use.
The coils of the control electro-magnets shall siepplied at their rated voltage and, if applicabdd, their rated
frequency.
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The tests are carried out at the frequency of opgena corresponding to the class of intermittentydu
Following the tests of mechanical endurance, thatactor shall still be capable of complying withettoperating
conditions. There shall be no loosening of the parsed for connecting the conductors.

(4) Electrical endurance
With respect to its resistance to electrical wetlre contactor is characterized by the number oflcad operating
cycles, corresponding to the service conditionsgiin Table 10 which can be made without repaireplacement.

Table 10. Conditions for making and breaking copmsding to several utilization categories (IEC 60941)

Category | Value ofthe rated Make Break
operational current I/le U/Ue cosp (1) Ic/le Ur/Ue co (1)
AC-1 (All values) 1 1 0.95 1 1 0.95
AC-2 (All values) 2.5 1 0.65 2.5 1 0.65
AC-3{ le < 17A 6 1 0.65 1 0.17 0.65
le > 17A 6 1 0.35 1 0.17 0.35
AC-4{ le = 17A 6 1 0.65 6 1 0.65
le > 17A 6 1 0.35 6 1 0.35
le ; Rated operational current U ; Vgeabefore make
Ue ; Rated operational voltage Ur ; Resgvvoltage
| ; Current made Ic; Curtéaroken
1) Tolerance for cog: *+0.05

After the test, the contactor shall fulfill the o@ging conditions and withstand the dielectric tesltages.

2-3 CHARACTERISTICS
2-3-1 Voltage Allowable Range of Coil
When the power-source voltage of the operatinguitr¢emporarily varies within a range of -15% to0Orf4 of the
rated voltage of coil, the contactor operates with@any trouble. However, when the voltage constaridécomes
higher or lower than the rated voltage, the follogifailures may occur, so be sure to use the cdotaat the rated
voltage .
(1) Where the power source voltage is higher thiae tated voltage

(a) As the coil becomes overheated, its life mayshertened and it may be burnt. The electrical loshe operating
coil increases in proportion to approximately thg@uare of the applied voltage, while the temperatuise of the
coil is approximately in proportion to the electalcloss. Accordingly, if the power source voltage 110% of the
rated voltage of coil, the temperature of coil dsapproximately 20%. As a result, there is a pdfisybthat the
life of the coil may be shortened and the coil nmeeyburnt.

(b) The shock on closing becomes great and the mmichl endurance is shortened, or the contact jumapsa result,
there is a possibility of increased contact wead atcurrence of welding. The higher the voltage laggh to coil,
the greater the attraction. When the voltage insesaby 10%, the attraction increases by about 2Bé&cause of
this excessively strong attraction,
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(i) the iron core of the electromagnet is damagegdabstrong shock, and the fatigue of molded pansl @ressed
parts becomes greater, with the result that the maeécal endurance of the contactor is shortened by
approximately 50%.

(ii) the contact increasingly jumps due to the stgshock and there is a possibility of abnormal waad
contact welding due to making and breaking of siregtcurrent of the motor.

(2) Where the power source voltage is lower thae tated voltage
When the power source voltage is low, it nears tlosing voltage (lower than 85% of the rated voka@f the con-
tactor. As a result, a case occurs wherein thetedatagnet is not attracted to the fullest extentahese of variation
of voltage, voltage drop due to rush current ofl,caind the like, so that the contact flutters amdutles may be
caused including abnormal contact wear and conteelding, or burning of coil (because the rush cutref coil
flows for a long time).
Moreover, the motor may incur failures such as hogncaused by continuous flow of starting current.
The starting current of the motor causes voltagepdif the wire of the main circuit is long or finsp the voltage of
coil becomes lower than 85% of the rated voltaged ahe same phenomenon as above may take placeentédn
should be paid to this point. The causes of voltagep of power source at closing are shown in Table, so that
they should be investigated and measures agairesh ttaken.

Table 11. Causes of voltage drop of coil power seur

Class Causes

Main circuit - The wire of main circuit is fine, so the voltagedropped by the starting current
of the motor.

- The wire of main circuit is long, so the voltagedropped by the starting current
of the motor.

Operating circuit - The wire of operating circuit is fine, so the \affe is dropped by the rush current
of the caoill.

- The wire of operating circuit is long, so the \aife is dropped by the rush current
of the caill.

- The capacity of power source transformer for opergcircuit is short, so the
voltage is dropped by the rush current of the coil.

Power source - The voltage regulation of power source is large.

2-3-2 Operating Time
Cited below are the items to which attention shobkl paid when handling the closing and releasimget of the
contactor.

(1) Closing and releasing time

The closing and releasing times of the contactoryviiom 10 to 50 ms as shown in the catalog. Ttisdue to the
phase and value of voltage applied to the coil and friction of the mechanical section. Examplestloése variations
are as shown in Fig. 14.
Where it is not desired that two electrical signale sequentially lapped, the contactor is plagedhe other circuit
to create a time lag. However, this time lag is @mostrict time difference, but one which is usedagpropriate when
an approximate time lag is wanted.
While, if this closing or releasing time is used pihace of a timer to get the accurate time lag,degree of accuracy
can be expected because of the above-mentionedatiami from 10 to 50 ms. Attention, therefore, shtblde paid
to this point.
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Fig. 14 Example of closing time

(2) Difference between AC and DC operations
The closing time of AC operated contactor and theilde coil type DC operated one is short, and tbathe direct
input type DC operated one is long. This is becatlse former flow a large current at closing and fpemn attraction
with a strong force, and after closing, the largerrent is changed to a small current. The releastiimge of DC
operated contactor is longer than that of AC opedadne.

2-3-3 Suppression of Coil Surge Voltage

Generally, in the semi-conductor circuits, an ext@&r noise generated near them may cause an unegaectlfunc-
tion. When operating the contactor, especially whariting off the exciting current of coil, the cojenerates a
sharp surge voltage with the result that the pealkage may reach higher than 4kV and the frequehéyher than
5kHz. This is radiated as noise to the outside, &nid difficult to prevent such noise even if agbective element is
placed in the semiconductor circuit. Thereforejsitnecessary to take measures against occurrenoeisé from the
coil. Connect coil surge absorber including condanand resistor in series to the coil of the cohbadn parallel.
Then, the noise generated from the coil when cgtaff the exciting current can be reduced Coil supsorber is
shown on catalogue page 42 and 43.
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2-3-4 Power Consumption
When calculating the in-board temperature rise loé tcontrol board, switchboard, etc., the power conption of
the equipments used must be considered. The poaresuen ption of the starter and contactor is giveMable 12.
Table 12. Power consumption

Frame Contact Power consumption (W) Condition of current
resistance contactor starter (Rated operational
(mQ) current)
H8C~12
HS8,HS10 3.8~ 8.1 6 10 12
H20,HS20 3.6~ 5.2 10 14 20
H25,HS25 2.9~ 4.3 13 16 26
H35,HS35 1.7~ 25 14 22 35
H50,HS50 1.6~ 2.2 23 30 50
65C 0.6~ 1.2 22 37 65
80C 0.6~ 1.0 29 44 80
100C 0.6~ 1.0 40 55 100
125C 0.6~ 1.0 57 72 125
150C 0.3~ 0.6 48 63 150
200C 0.2~ 0.5 57 61 180
250C 0.2~ 0.5 95 99 240
300C 0.2~ 0.4 118 122 300
400C 0.2~ 0.4 202 206 400
600C 0.2~ 0.4 446 450 600

Remarks: 1. The contact resistance was measuredeleetthe terminals of the power source and
the load sides after the 50 thousand cycle eleateadurance test.
2. The power consumption of the contactor represéhte sum of power consumption
of the current-flowing section and the coil, anctmower consumption of the starter
represents the sum of power consumption of theactor and thermal overload relay.

2-3-5 Endurance to Over-current
When the squirrel-cage motor is direct-on-line $¢dr a starting current of 5 to 6 times the ratedrent flows for 1
to 2 seconds, and in some of the load types, sucuraent may flow for longer than 5 to 6 second$.eTthermal
overload relay works at overload and the circuitbidken, during which an over-current exceeding théed current
flows. Accordingly, it is necessary to select tht@arter, fuse, breaker, etc. corresponding to thedlcharacteristics,
and also to know the endurance to over-current.
In Fig. 15, they indicate the allowable times fohigh the contactor can be continuously used althhoube
temperature rise of contacts is more than the digecvalue in standard. Note that after the largerent flows, a time
interval of more than 2 hours should be provided.
(Note: The endurance to over-current does not ddpempower source voltage.)
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Fig. 15 Endurance to over-current

2-3-6 Vibration-proof Characteristics
When a strong vibration is applied to the mountbogird, the contacts of the contactor and the theémwerload
relay may cause malfunction. Therefore, try to mmeivvibration to the mounting board by all means.
The malfunction limits of starter, contactor anctmal overload relay are over 2 (g).
Vibration acceleration (g) = 0.00X (Frequency (Hz9) X Double amplitude (mm)
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2-4 APPLICATION AND SELECTION
The contactors should be selected according taypes of their loads. The loads are classifiedBI€60947 as shown
in the following table, and include those of thamsformer, condenser, etc. in other category. TaBlprovides
references for the selection of contactors.

Table 13. Reference for selection

Category Typical applications Selection
IEC AC1 Non-inductive or slightly inductive Refer to 2-4-3.
60947-4-1 load, resistance furnaces
AC2 Slip-ring motors : The same as paragraph 24-|
Starting, plugging unless plugging is included.
AC3 Squirrel-cage motors : Refer to 2-4-1.

Starting, switching off motors
during running

AC4 Squirrel-cage motors: Refer to 2-4-2.
Starting, plugging, inching
DC load Refer to 2-4-4.
Star-delta starter Refer to 2-4-5.
Condenser load Refer to 2-4-6.
Opening/closing of primary side of Refer to 2-4-7.
transformer

2-4-1 Application of AC3
(1) Standard for selection
When controlling the motor by the contactor, thadacurrent shown in Fig. 16 flows, so a contactumresponding
to this current is selected. The key points of tleéection are given in Table 14 according to thenmtems.

7
6 ¥ .
Starting current
e 5
[5)
=
g 4
b
23
= 2
Rated current
1 Z
0 |
Starting Time
time

Fig. 16 Motor current
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Table 14. Selection of starter and contactor foton¢As to main items)

Item General standard for selection
Motor Starter and Standard for Evaluation
contactor selection

Electrical Starting current : Is Rated operational| Is = 6l
endurance Load current:4 current : | I =1
Electrically allowable | Rush current and Making IR = Im - When k> Im, the
performance for allowable accident capacity: Im contact may be welded.
the rush current and | current: k Breaking Ir = Ib - When k > Ib, breaking
accident current capacity : Ib may become impossi-
which rarely occur. ble .
Mechanical Start / stop Opening / closing
endurance frequency: n frequency : m n=m

Necessary endurance | Mechanical

times: N endurance: M N=M
Overload protection Load current of RC value of It = Irc
(thermal overload motor: I thermal overload

relay) relay: rc

(2) Selection
The starters and contactors whose capacity is @smdy equal to or more than the capacity (kWyrobtor are
selected from the table in Page 8 and 9 of thelogtee.

19



(3) Electrical endurance curve
When long electrical endurance is required, seddettromagnetic contactors using following enduranarve.

(a) AC200V class motor (AC3)

10 N\
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z VR VAERRA N\ S Y
= ANV N AN
- \ \ \ N \\\ \
— \ \\ \
EE \\\ \\ \\\\\ \\\ \\\ \
% i \\\ \
= N ——
= ANNIAAN
— 0.5 -
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Motor Rated Current (A)
Fig. 17 Endurance curve (AC200V)
(b) AC400V class motor (AC3)
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Fig. 18 Endurance curve (AC400V)
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2-4-2 Application of AC4 (Application of Cases lmding Inching and Plugging)
In equipment and machinery which include inchinglgriugging (negative-phase braking), make and brefdkrge
starting rush current of the motor will occur freantly. Category AC4 is applied for such usage. Aggtion of AC4
is shown in Tables 1 and 2 in page 12 of the cafa¢o

2-4-3 Application of AC1 (Application to AC Resistae Load)
Category AC1 is applied when using a resistance which does not necessitate consideration of reugtient at
starting such as the incandescent light, electeiatler, etc.
Application of AC1 is shown in Table 3 in page fXloe catalogue.

2-4-4 Application of DC Load

The breaking category of DC load becomes far menese in comparison with AC load. However, contaatan be
applied as shown in Table 4 in page 13 of the cgaé.

2-4-5 Application for Star-Delta Starters

Delta motor is star-connected during starting, aaduces starting current and torque to one-thirflibfvoltage
starting values.

(1) Loads applied to star-delta starters and eleatrendurance of starter

Table 15. Load and electrical endurance

Load Example of load Electrical endurance
unloaded start machine tools, lathe, general indastachines, etc. 500,000
square torque vortex pumps, turbine pumps, fansyéis, 50,000

dehydrators, centrifugal dehydrators, etc.

(2) Kinds of star-delta starters

—— 2 Contactors method
—— Phase-current detecting methad |

L 3 Contactors method
Star-delta starter—__|

—— 2 Contactors method

L— Line-current detecting method

L— 3 Contactors method

(3) Component number explanation and symbol expiama

Table 16.

No. Name Mark Name

Timer IM Motor

Contactor for star BS Push button (start)
22 Circuit breaker (FFB) BSS Push button (stop)
42 Contactor for delta a Normally open contact
49 Thermal overload relay b Normally closed coritac
52 Contactor for insulation EF Fuse
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(a) Phase-current detecting method

3 Contactor Method

for
Insulation

(562)

for for
Delta Star

(42) (6)

| _—Thermal overload relay

Fig. 19 Connection diagram

Table 17. Selection (Phase-current detecting mexhod

Motor Starter for | Contactor for| Contactor Thermal Overload Relay
Voltage | Capacity insulation Star For Delta Adjustable
(kW) (52+49) (6) (42) RC(A) | Range (A) Type
5.5 H20-T,HS20-T H20,HS20 _ i
7.5 H25-T,HS25-T] H20,HS20 H25,HS25 15 12-18 TR20B-1E
11 H35-T,HS35-T H35,HS35
: : 28 22 ~34
15 H50-T,HS50-T H25,HS25 H50,HS50 TRS0B-1E
18.5 H35 HS35 40 32 ~48
22 H65C-T ' H65C 55 45 ~ 65 TR8OB-1E
30 H80C-T H50,HS50 H80C 67 55 ~ 80
200V 37 H100C-T H100C
45 H125C-T H65C H125C 80 65-95 TR150B-1E
55 H150C-T H80C H150C 105 90 ~ 120
75 H200C-T H125C H200C 1.4 1.1~17
90 H250C-T H150C H250C 2.4 1,7~2.9 TR250B-1E
igg Hetoe I—||_|2250(?((:: . 2.4 17~29 TR400B-1E
150 Ha00C-T H300C Hao00C 3.8 2.8~4.4
5.5 6.8 45~9.0
7115 H20-THS20-T) yo0,Hs20 | H20HS20 9 7~11 TR20B-1E
15 H25-T,HS25-T H25,HS25 15 12 ~ 18
1282.5 H35-T,HS35-T| H25,HS25 H35,HS35 20 16 ~ 24 TRE0B.1E
30 H50-T,HS50-T| H35,HS35 H50,HS50 >3 22~ 34
37 H50,HS50 _
400V 45 H65C-T - H65C 40 32 ~ 48 TR8OB-1E
55 H80C-T H80C 55 45 ~ 65
75 H100C-T H80C H100C 80 65 ~ 95
90 H125C-T H100C H125C TR150B-1E
110 H150C-T H125C H150C 105 90 ~ 120
132 H200C-T H200C 1.4 1.1-1.7
150 H250C-T H200C H250C 1.8 1.4~2.2 TR250B-1E
190 H300C-T H300C
260 H400C-T H300C H400C 2.4 20-28 TR400B-1E

Note: The RC values of thermal overload relays laased on Hitachi general-purpose squirrel cage nsoto
(Rated currentx 0.58).
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(b) Line-current detecting method

3 Contactor Method

Thermal
(49) Overload Relay

for
Insulation

(52)

for Delta for Star

(42) 6)

RST
bylsbyo

0oL,

Fig. 20 Connection diagram

Table 18. Selection (line-current detecting method)

Motor Contactor for | Contactor for | Contactor for Thermal Overload Relay
Voltage | Capacity| insulation Star Delta Adjustable
(kW) (52) (6) (42) (49) RC(A) Range (A)
5.5 H20,HS20 H20,HS20 . TR?SB'lE . 20 16 ~ 24
H20 HS20 Single installation
7.5 H25,HS25 ’ H25,HS25 TR50B-1E 28 22 ~34
11 H35,HS35 H35,HS35 40 32 ~ 48
15 H50,HS50 H25,HS25 H50,HS50 TR80B-1E 55 45 ~ 65
18.5 H35 HS35 67 55 ~ 80
22 H65C ' H65C TR150B-1E 80 65 ~ 95
200V 30 H80C H50,HS50 H80C Single installation 105 90 ~ 120
37 H100C H65C H100C 130 110 ~ 150
45 H125C H125C TR400B-1E 1.4 1.0~1.8
55 H150C H80C H150C Single installation
75 H200C H125C H200C 2.4 1.6 ~3.2
90 H250C H150C H250C
ig(z) H300C T—|22(5)5%(é H300C 3.8 25~50
150 H400C H300C H400C 6.8 45~9
5.5 TR20B-1E 9 6 ~12
7.5 " 15 12 ~ 18
H20,HS20 H20,HS20
11 H20,HS20 TR25B-1E
. ) . 20 16 ~ 24
Single installation
15 H25,HS25 H25,HS25 28 22 ~ 34
1282.5 H35,HS35 H35,HS35 H35,HS35 TR50B-1E 40 32 - 48
30 H50,HS50 H50,HS50 H50,HS50 55 25 65
37 H50 TR8OB-1E 67 55 ~ 80
400V 45 HEsC H65C H65C TR150B-1E 80 65 ~ 95
55 H80C H80C Single installation 105 90 ~ 120
75 H100C H80C H100C 130 110 ~ 150
90 H125C H100C H125C TR400B-1E 1.4 110~1.8
110 H150C H125C H150C Single installation 24 16~32
132 H200C H200C
150 H250C H200C H250C
190 H300C H300C 3.8 25~5.0
260 H400C H300C H400C

Note: The RC values of thermal overload relays laased on Hitachi general-purpose squirrel-cage nsoto
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2-4-6 Application for Condenser Load

When closing the condenser circuit, the electriarde Q = CE of the condenser corresponding to tie#aintaneous

value of power source voltage at closing of cirasipromptly supplied, and rush current flows.

The size of this rush current is limited by thedimesistance and inductance, and further limitedirsertion of

series reactor (6 percent of condenser capacitgrkv

The following table gives the condenser load amgtlicns when rush current is less than 10 times thted current

of condenser by insertion of series reactor.

Table 19. Application to condenser load

Applied capacity to

Type Applied capacity to
3-phase condenser circuit single-phase condenser circuit
kvar (A) kvar (A)
Insertion of series reactor 2-pole series
200~220V 380~440V 220~240V 380~440V
H10C, H11,HS10 3(9) 4(6) 1.8(9) 2.4(6)
H20,HS20 5(14) 8(12) 2.8(14) 4.8(12)
H25,HS25 7(20) 12(17) 4(20) 6.8(17)
H35,HS35 10(29) 18(26) 5.5(28) 10.5(26)
H50H S50 13(38) 26(38) 7.5(38) 15(38)
H65C 18(52) 35(51) 10(50) 20(50)
H80C 22(64) 45(65) 12(60) 26(65)
H100C 29(84) 55(79) 16(80) 31(78)
H125C 34(98) 70(101) 19(95) 40(100)
H150C 44(127) 88(127) 25(125) 50(125)
H200C 53(153) 105(152) 30(150) 60(150)
H250C 65(188) 130(188) 37(185) 75(188)
H300C 80(231) 160(231) 46(230) 92(230)
H400C 100(289) 200(289) 57(285) 115(288)
H600C 150(433) 300(433) 86(430) 173(433)

Reference: Conversion of kvar andF

Single-phase: [kvar]=2 x 10° X (Frequency)x (uF) x (Voltage¥
3-phase:

2-4-7 Application to Opening/Closing of Primary 8idf Transformer
When applying voltage to the primary side of thensformer, magnetic saturation phenomenon occurshatiron

core of transformer and a rush current of excitatflows. The amount of this rush current varies twithe voltage
phase and load when closing the contactor; the arhaf rush current will be about 20 times the ratedrrent

[kvar]#3 x 2m x 10° x (Frequency)x (4F) x (Voltage}

of the transformer. The contactor should be sekbtteat is not welded by this rush current.
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Table 20. Application to opening/closing of primasige of transformer

Frame Single-phase transformer A (kVA) 3-phase transfor ¢k VA)
200 ~ 240V | 380~ 440V | 500~ 550V | 200~ 240V | 380~ 440V | 500~ 550V
H20,HS20 8 (1.6) 6.8 (2.5) 4.8 (2.4) 10 (3.4) BB 6 (5.2)
H25,HS25 10.5 (2) 9.6 (3.6) 4.8 (2.4) 13 (4.5) T29J 6 (5.2)
H35,HS35 14 (2.8) 12.5 (4.8) 9.2 (4.6) 17.5 (6) (16.5) 11.5 (10)
H50,HS50 20 (4) 18.5 (7) 14.5 (7.4) 25 (8.6) 23)(15 18.5 (16)
H65C 26 (5.2) 26 (9.8) 20 (10.5) 32 (11) 32 (21) (28)
H80C 32 (6.4) 32 (12) 28 (14.5) 40 (13.5) 40 (26) 36)(31
H100C 40 (8) 40 (15) 28 (14.5) 50 (17) 50 (33) 36 (31)
H125C 50 (10) 50 (19) 32 (16) 62 (21) 62 (41) 40 (34)
H150C 60 (12) 60 (22) 32 (16) 75 (26) 75 (50) 40 (34)
H200C 72 (14.5) 72 (27) 58 (29) 90 (31) 90 (60) 72 (62)
H250C 96 (19) 96 (36) 58 (29) 120 (41) 120 (80) 72 (62)
H300C 120 (24) 120 (45) 100 (50) 150 (52) 150 (100) 1250()
H400C 160 (32) 160 (60) 140 (70) 200 (70) 200 (130) 175Q)
H600C 240 (48) 240 (90) 200 (100) 300 (105) 3000020 250 (215)

Remarks : 1. Applicable to the case where the rasirent of transformer is less than 20 times thieedacurrent.
2.In case the rush current of transformer is mdran 20 times the rated current or considerably

small, please consult with us.
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3. THERMAL OVERLOAD RELAY

3-1 STRUCTURE AND OPERATION

3-1-1 Standard Type (1E) and Phase Failure Protetiype (2E)
(1) External structure

Fig. 21 External structure

Trip indicator Test trip lever

Main circuit terminals

Reset button
(Power source side)

(Concurrently used for
change of reset methods)

Current setting knob

Main circuit terminals
(Load side)

Operating circuit terminals
Current setting mark
(2) Internal structure

Button for reset and Test trip lever
change of reset methods

Trip indicator

Current adjust knob N.C. moving contact

N.C. fixed contact

Line side
terminal

N.O. fixed Load side
terminal

N

Heater

7L

7

Bimetal

Temperature compensating bimetal Trip bar Differential lever (C)

Trip bar (A) Trip bar (B)
Fig. 22 Internal structure of standard type (1E)

Fig. 23 Internal structure of thermal overload ne(2E)
thermal overload relay

(This 2E thermal overload relay is the same
as the standard type as regards the external
structure , but different from the internal
structure in the differential mechanism.)

(This contains high-performance bimetals
and contact mechanism applicable to the
thermal overload relay (2E).)
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(3) Operation
(a) Operation of 1E thermal overload relay

As shown in Fig. 24, the thermal overload relay t@mins an over-current detector consisting of binietand
heaters, and a contact actuated corresponding retails. Where the load current of the motor is madelow
to the heaters placed near the bimetals, they berodsesponding to the amount of load current, witte result
that the contact can be actuated. If this contactconnected to the coil exciting circuit of the tantor, when
the bending amount of bimetals becomes more thaa phedetermined value (when over-current flows),isit

possible to stop the motor.
Contact

Bimetal

7

£

Heater

(a) Operation diagram

Contactor

|-~ Thermal overload relay

(b) Connewtdiagram

Current large

Stop

)

~ =

Bimetal:Amount
of bending large

Contact
OFF

~ >

Occurrence of
Motor

overload
Thermal |Micaver: N
overload | Heating large)
relay
Contact Coil excitation:

ontactor stor

9

Main contact

OFF

(c) Operation sequence

Fig. 24 Protective operation of thermal overloathse

(b) Operation of 2E thermal overload relay
Refer to the catalogue page 24.

3-2 PERFORMANCE
(1) Standards for thermal overload relay

The standard type (1 E) thermal overload relay 2&dthermal overload relay conform to the JIS, JEMIdEC stand-

ards in table in page 26 of the catalogue.
(2) Ambient temperature characteristics
Refer to the catalogue, page 25.
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3-3 APPLICATION AND SELECTION
Selection of thermal overload relays must be detieed by taking into consideration the type of mogtoequired
function, type of load and starting method, etc.
3-3-1 General Selection
Table 21 gives the general selection in case rugrind stopping do not include inching and pluggargl the starting
time is not so long.
If the probability of phase failure and negativegste trouble is considered to be extremely low, ctédte of
standard type (1LE) thermal overload relay makgsoftsible to protect the motor almost completely.

Table 21. General selection

Submerged pump Quick response type Quick response type
and motor 1E thermal overload relay 2E thermal overload relay
§ Motor up to 3 -element
s 200kW 1E thermal overload relay
_a- § Motor of less than | 2-element 2E thermal overload relay Static 3E relay
g g 3.7 kW 1E thermal overload relay
E Very small capacity | 3-lement
motor 1E thermal overload relay
Object -
Rough protection to More stringent phase-failure protection
Required Phase failure
function Overload/restriction protection

3-3-2 Selection for Small Capacity Motor
The reasons why a 2-element 1E thermal overloadyreé$ selected for a small capacity motor of lekart 3.7kW
in Table 21 are as follows :

- Even in the case of 2-element thermal overloadhyelthe phase-failure operating performance is extely high.
The 2-elernent thermal overload relay has the s@mase-failure operating performance (conform to I&@ndard)
as the 3-element type.

- The small capacity motor has a characteristic thfeeg winding temperature rise is lower at phaséifa running
compared with medium- or large capacity motors dwoestructural reasons, such as star-connection ofom
winding.

Fig. 25 indicates the experimental values of thmperature rise ratio at phase-failure. Fig. 26 aadés conversion
of the experimental values in Fig. 25 into tempena&t rise ratio at operation of thermal overloadaselWhen using
the 2-element type with high performance, it is §ibte judging from the figure to make protection @tase-failure.

28



Temperature-rise when flowing

Temperature-rise — the rated current to 2-wire
ratio Temperature-rise when flowin; = -
the [ated Clircent to 3avia g Tem'pe_rature-nse at phase-failure
L1 | | 11 ] ! T Temperaturerise = operation
14 i { L 1atio Temperature-rise at 3-phase

overload operation

lExperimental value of Mr. P.G. Sperling (West Germany)W/ "

1.2 T —— -t v PN \
o (When flowing current ! I I i 1.2 4 -
1.0 to3 Wixes)" 7 gy iepe sy - Phase-failu  operation
B | ' ' - 4 4 1.0 ==y ,1.7 P : (conventional type 2-element)
0.8|- =1 _l _l_ — / \ LAt 4 i aa. a0 OGS \ [ Phase-failure operation current
. - 0.8 ; is 145% of RC value (undesirable)

[ ]

0.6

LISy Caaass
AN

0.6 /
L (3-pha5(*T 125% Phase-failure operation
0.4 operation) (new type 2-element)

Motor temperature-rise ratio
Motor temperature-rise ratio

s; , Abstracts of measured values of Hitachi general-purpose motor 0 2 ?hf;ez‘;aﬂ?rﬁ 8p6ratio letiren:
, ' | I l ] , , ' , | I N is /o O value (good)
0.2 06 1 2 4 6810 20 4060 100 200 02 06 1 2 4@kw
Motor capacity (200V class) kW) Motor capacity (200 V class)
Fig. 25 Motor temperature-rise ratio at Fig. 26 Motor temperature-rise ratio at
phase-failure phase-failure operation

When a strict phase-failure protection is necesstdrat includes also such a special case as overadrflows only to
| wire at the secondary side due to phase-failurehe primary side of the transformer, 3-elemenerthal overload

relay or 2E thermal overload relay should be seddct

3-3-3 Selection for Very Small Capacity Motor
The rated current of a very small capacity motdelithe hydraulic pump motor is extremely small, th@ heaters
of thermal overload relay corresponding to thisewtcurrent have a very high resistance value. Tloeeg a voltage
drop caused by the thermal overload relay beconaegel, so that full attention must be paid to inmidht starting
torque and voltage unbalance when using 2-elemymé thermal overload relay.
Where the load is light, unbalance of current dwevbltage unbalance tends to become large. It somenended
that 3-element type thermal overload relay be gekbc
Where only a small-sized 2-element thermal overlgathy can be installed due to limited space, itted current
should be about twice the rated current of the mebalusively for protection of restriction.

Reference 1. Insufficient starting torque
[Example of RCO.1IA ==-=+- Motor: 200V, 0.IA (rating)
E (Heater voltage drepls (Motor starting current)x R (Heater resistance value)
=6 x 0.1 x 130=78(V)
vm (Motor input voltage)=200 — (V' 3 X 78) = 65 (

input voltage---+ 38%
starting torque--+ 15%
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The starting torque becomes extremely small, sot tétarting will be impossible unless the load iscensiderably

light one.

Reference 2. Effect due to voltage unbalance (Wteetement thermal overload relay is used)
Even in case the load is light and starting is jplies if a 2-element thermal overload relay of avloating is used,
there remains a problem of voltage unbalance. Tnet the rating (heater resistance is large), theater the voltage
unbalance. Therefore, undesirable motor runningdédaons will continue, such as current unbalancénarmal
temperature rise, etc.
When using a 2-element thermal overload relay
(RC 0.1A) to the motor (0.1Arating), current
unbalance of a little over 50% may occur.

Reference 3. Heater resistance of thermal overtedaly
The thermal overload relay is designed to actudite ¢tontact mechanism by driving the bimetal usihg heating of
the internal heater arising from overload currehthe motor.
The minimum power necessary for this heating shobé&d more than 1.3W (one phase component when thedra

current is flowing).

|\N (power) = B (rated currem®) x R (heater resistance value) = 1.3 to 8|(W)

- Heater resistance value: In the case of a lowngtihe heater resistance values can be calculfrted above power

as shown in the following table.

Table 22. Heater resistance

Rated current Heater resistance value Condition
(RC) (one phase)
0.3A 14.4Q W (Power) ====- 1.3 W (minimum value)
0.2A 32.5
0.15A 57.82 Rated current-==-- Alow rating less than
0.10A 1302 RCO.3A.

When the rated current becomes small, the heat&Est@nce value is indicated to become extremelgdar
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3-3-4 Inching and Plugging Operation

Since frequent inching and plugging operations ateuthe thermal overload relay, continuous opermati@comes
impossible .

In order to avoid this, the setting value of curresf the thermal overload relay may be increaseédrothe rated
current of motor; however, it is not advisable tofect the motor.

In the case of inching and plugging operation, dtarting current flows intermittently and the seblling effect
of the cooling fan decreases. In this state thepemture rise is different from that of normal oagon.

Taking into consideration the above, in order totect the motor when carrying out inching and pluggoperations,
it is most suitable to protect the motor directlgtdcting the temperature by incorporating the thistor in the
motor winding.

In the case of slip-ring motor, the rotor must betected from burnt-out. In addition to the thertoisincorporated
in the stator winding, the thermal overload reldysld be concurrently used for restraint protectitimus ensuring
perfect protection.

3-3-5 Where Starting Time is Long

For the fan, press machine, etc. whose mechamextia (GI*) of load is great, the starting time is long.

If the starting time is long, it is very difficulto achieve compatibility of prevention from malfufm with protection
of motor, so that for practical purposes, such athd is adopted that the protective performanceredtraint is
somewhat lowered (since the probability of resttaioubles is low).

The following table classifies the general counteasures.

Table 23. General countermeasure

Starting time

Applicable thermal
overload relay

Connection

Merit

Demerit

Timer and contactor
are additionally used.

Refer to Fig. 28.

Approx. 5to | Thermal overload relay Same as standard Simple circuit In both startind an
15 sec. with saturation reactor running times, the
(Please consult with us) protective perform-
ance at restraint is
insufficient .
15 sec. or Standard thermal The protection
longer overload relay during operation

is certain.

The restraint
protection at
starting can be
carried out to
some extent by
changing the
setting of the
time .

The circuit is
complicated.
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C1
C2

M
C1: Contactor for starting
C2: Starter for running

Starting time

——>~ Current

\

Approx. § sec.

W
Switching @
CZ Y

—_— == Time

(Switching as early as
possible within the
extent free from malfunction)

Fig.28
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4. CONTACTOR RELAY

4-1 TYPES OF CONTACTOR RELAYS

Refer to catalogue page 38.

4-2 PERFORMANCE
The performance of the contactor relay is subjedietests according to the testing conditions sfetiby standards

(IEC, JEM, etc.), and must satisfy the values sethf in them to secure guarantee. The testing ddortd vary with
the types of loads, which are classified into carégs AC15 and DC11 as given in Table 24.

Table 24. Utilization categories (IEC 60947-5-1)

Kind of current Category Typical applications
Alternating current AC15 Control of a.c. electrommags
Direct current DC11 Control of d.c. electromagnets

The major test items of the contactor relay ardollews, and in all of the tests the specified vasuare fully satisfied.
(1) Temperature rise test
Same as that of contactors (see page 10).

(2) Making and breaking capacities test
The test conditions of making capacity and breakiagacity test are the abnormal conditions of us@s in

Table 25.
Table 25. Conditions for making and breaking copmsding to the utilization categories (IEC 60947)%-
Kind of Category Normal conditions of use Abnormal conditions of use
current Make Break Make Break
Alternating| AC15 I U coso | ur cosp | U cosp I ur cosg

current 10le| Ue 0.71) le Ue 0.4 11le | 1.1Ue 0.® 11le | 1.1Ue| 0.7M
Direct DC11 I U To.95 | ur To.95 | U To.95 I Ur To.95
current le Ue | 6xXP®@ le Ue | 6xP@ | 1.1le | 1.1Ue| &P® | 1.1le | 1.1Ue| 6XP®

le =rated operational current | = curreéatbe made or broken

Ue =rated operational voltage U = voltdgdore make

Ur = recovery voltage
To.os=time to reach 95% of the steady-state currentmiliseconds,

P = Uele = steady-state power consumption, in watts

(1) The power-factors indicated are conventiondles and apply only to the test circuits which siate the
electrical characteristics of coil circuits. It aid be noted that, for the circuit with power-factw4 (normal
conditions of use), shunt resistors are used intdse circuit to simulate the damping effect of tdddy

current losses of the actual electromagnet.

(2) The value "6 x P"results from an empirical relationship whichfasind to represent most d.c. magnetic
loads to an upper limit of P = 50W, viz. 8 P = 300ms. Loads having power-consumption greétan
50W are assumed to consist of smaller loads in peltd herefore, 300 ms is to be an upper limit, ir

respective of the power consumption value.
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- Normal conditions of use
The normal use of a contactor relay is to closejntain and open circuits which contain an electrgnat the magnetic
circuit of which is open at the time when the anilrrent is made and closed when the coil curreroraken.

- Abnormal conditions of use
Abnormal conditions may arise when an electromagathough energized, has failed to close.
A contactor relay is required to be able to brehk turrent corresponding to such abnormal condd&iohuse.

(3) Mechanical endurance test
With respect to its resistance to mechanical wearcontactor relay is characterized by the numbeormsfoad operat-
ing cycles, i.e. operating cycles with no curremawiing, which can be made without any mechanicailufee. The
standard numbers of no-load operating cycles, exped in millions, are given in the first columnTatble 26.

Table 26.
Class of mechanical endurance Number of
(in millions of no-load no-load operating cycles per hour
operating cycles)

0.01 12
0.03 12

0.1 12

0.3 30

1 120

3 300

10 1200
30 3600
100 12000

(4) Electrical endurance test
The test condition of the electrical endurance tieshe normal conditions of use in Table 25 and thaximum
frequencies of on-load operating cycles are givehhie second column of Table 26.

4-3 CONTACTOR RELAY WITH TWIN CONTACT
The contactor relay is usually composed of singbatact. If this contact is used at 48V or higherden ordinary
environmental conditions, it can be used almose firem contact failure such as unsatisfactory cohtatc.
When it is intended to use the contactor relay @t voltage and current, if the contactor relay witiin contact is
used, the contact reliability will be improved. Afiown in Fig. 30, this contact is divided into twarts, so that they

help each other to prevent occurrence of contaitifa and improve the contact reliability.

, Contact spring Contact spring

/ / Moving contact
/ Moving contact /

§VA/ §/>,\
s aPo -
~ J =
\

Fixed contact

Fig. 29 Single contact Fig. 30 Twin contact
(Standard contact)
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4-4 CONTACT RELIABILITY

The maps of contact reliability of contactor relae as shown in Fig. 31 and Fig. 32.

Current (A)

Current (A)

10

0.1

0.01

0.1

0.01

Type: X3, X4 X5, X6, X8

Dry contact

1
(Contact not turning current on

and off, but only flowing current.)
Wet contact |

(Contact directly turning current
on and off.)

10°%~10"8
LLLLLLL L L7

07 100

NS

107* ~107° l
104 ~ 106

Fig. 31 Map of contact reliability (Single contact)

Voltage V)

48 100 \ 200

This indicates 107 failure time/
operating time-contact; for example,
when operating X4 1 miltion times,
there is a possibility that failures of
107 x 10% x 4 = 4 times may occur.

Type: X3-W, X4-W, X5-W, X6-W, X8-W

Wet contact

jO Dry contact

200

Voltage (V)

Fig. 32 Map of contact reliability (Twin contact)
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5. MOUNTING AND CONNECTION

5-1 MOUNTING

5-1-1 Mounting State
The starter and contactor should in principle beumte@d on a flat vertical plane as shown in Table E7circum-
stances demand, they may be mounted with a tiltydod or backward, and right or left, of at mostdégrees.
The contactor with horizontal plunger structure daem mounted crosswise, but the one with link stowetuses the
weight of the moving core for a part of the enemjythe release operation, so that it cannot be ntedrcrosswise.
The thermal overload relay can be mounted only @mse by counterclockwise rotating it 90 degreesause of heat
conduction of the heater.

Table 27. Mounting state

Type Frame Standard mounting and Crosswise mounting
allowable mounting angle
> Contactor Bﬂc‘é‘
@© ° owar
o relay 15°,15° Forward 15|15
5 |and Left \e—t—y Right — d 4B d
(8] L= - L
I 8C~125C v d T B d ' hn
g M | ,
© \
'g Ay A v
© Afﬂf H— / Reversible type with mechanical
2 i interlock cannot be mounted
© L. U L .
= crosswise.
S %
O 150C~600C Mounting is
impossible.
All frames ST 0o
3 Left %5;15 Right For. 1213
= ward
3 > - '
< © [t : \ Back-
E = U_ \ ward
£
= A
8C~125C Back /
ward
15°115° Forward  |so;50 E . N I Q_‘r
Left v‘\j Right v d 7" B | s \h
/ N
- OmmnM I
[} /
‘% A \ : Reversible type with mechanical
o \ B_/ . “\ d interlock cannot be mounted
V .
crosswise.
/4 \r —=
150C~600C : @ Mounting is
impossible.
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5-1-2 Clamping Torque of Mounting Screws

The starter and contactor should be securely malihee flat surface with the fixing screws statadthie dimensions
column of the catalogue. As to the clamping torqa®e applied them, refer to Table 28.

Table 28. Appropriate clamping torque

Diameter of Clamping torque (kg-cm)
thread Screw Bolt
M4 10 ~ 15 -

M5 25 ~ 35 —

M6 40 ~ 50 —

M8 80 ~ 100 100~ 150
M10 — 150 ~ 250
M12 — 350 ~ 450

5-1-3 Mounting Space
When mounting the starter and contactor, it is see&y to provide an appropriate space between thedtanything
nearby. The size of this space should be determavedidering the following items.
(1) Sufficient space to prevent a short circuitideat due to arc produced when opening and closing.

(2) Space necessary for normal radiation of heategated by the starter and contactor and for hgdiown the
temperature rise below the allowable value.

(3) Space for securing the insulation distance #igelcin the standard.
Regarding the mounting space, refer to the dimens@mumn of each type in the catalogue.

5-2 WIRING (CONNECTION)
5-2-1 Clamping Torque

For accurate wiring to terminals, refer to the claimg torque given in table in page 44 of the cagale.
5-2-2 Connectable Wire and Usable Pressure-Typee\Wionnector

The connectable wires and the widths of usable gues-type wire connectors for the respective frames given in
table in page 44 of the catalogue.
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5-2-3 Connection of Thermal Overload Relay with CT
When CT side is V-connected, 2 set of CT can malpd&se protection. Then, in order to ensure coropetration,
make wiring as shown in Fig. 33 and Fig. 34 by payyattention to the mounting direction and polarity

Power source

cT (R phase)

Power source
(R Phase)

RST
Push-button
Push-button switch
Black L Black l J sviteh
$ 1% .
— <*—f"\—| Thermai
Blue Blue overload .
I 1 relay Coil
Ther-
uLv w H j: mal
[ over-
load
IM 214\ 8] _ relay
86,495
Power source
Power source ) (S phase)
(S Phase)
Fig. 33 Connection diagram Fig. 34Woing of CT and wiring

A current flows to the 3 heaters of the thermalrdoad relay at 3-phase overload.

R-phase
CT

[\
o
=

6

T-phase Thermal overload relay
“ Is (In case the
4 polarity of R-phase
(Irél(:ir?te t}inse CT is reversely
gorrecty) connected.)

Fig. 35
Even if phase failure occurs, current flows to theeaters without phase failure, regardless ofittsertion phase of
CT; the same operation is made as the 3-phase thkowerload relay not using CT.

R R

(Phase-failure iR == (Phase-failure iR \ Ig =
of S-phase) Ig=IT of T-phase)

S S

IS'_‘O S S IR=IS
: 7 =00
It=Ir T .
. <l I It=0 Tl

It
Fig. 36
Where 3sets of CT are used, individual CT's arenemted to the respective heaters of the thermarload relay as

shown in Fig. 37 and Fig. 38.
Then, even ifthe CT polarities are arranged umifty, protection can be ensured.
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Power source

(R phase)
| CT  Black
] S
< : Blue
< Black Power source
o Lg——j .o Tush-button. Rim T (R Phase)
'Black. IK] I < Black 1 r% Push-button
>4 Blue | O switch
Black | |1 oo
Uiv Thermal overload
N relay .
{ Thermal overload
‘\\_// relay
Power source Power source
(S phase) (S Phase)
Fig.37 Connection diagram Fig.38 Mounting of CT and wiring

5-2-4 Connection When Single-Phase or DC Motor i led

When using the thermal overload relay to a sindiepe motor or DC motor connection should be madghasvn
below in order to maintain the operating performawé€the thermal overload relay.
(1) In case of 2-element thermal overload relayR{2B-IE)

Thermal overload

Contacitf relay

ity

IR -am

—k

Single-phase
motor

gdodod

Fig. 39

(2) In case of 3-element thermal overload relay
Connect wires so that a current flows to 3 heaters.

Thermal overload
Contactor  relay

Single-phase
motor

Add this wire
Fig. 40

- Wrong connection

Thermal over-

Contactor load re_;|lay _~ (Not energized!)
| oo N
O O_'l—[;‘ 0.
o .
0 O'n'o- Single-phase
oo

motor

—0 0 ol o

Fig. 41 Wrong connection
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The 3-element thermal overload relay is so adjusgteat it can normally operate in a state where eatrflows to
all 3 elements.

In the case shown in Fig. 41, the protection chétgastic is deteriorated.

The protection characteristic indicates a deviatdbi2% in the worst case as shown by the dotted in Fig. 42.

When current flows to
3-element. (120%)

ﬂen one element is not
energized. (132%)

Pl

40t -
A
W1 / !
u ;
S | oo —— = Cold start
81 85— 23 Hot start
= 4 I 5 WV
* ¥ AN
© = 2N
N
on 4= 1 2.
£ T, 0%
8 1 #5 iy
g :
& 20 { ,/
B e
5| e
Al o, SO SR R
AN EREEE T NG €
1 Lo : 1
. 1215 2 4 J 910

Load current (%) (X 100

Fig. 42 Operating characteristic in wrong connertio
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6. HANDLING MAINTENANCE AND INSPECTION

6-1 STORAGE AND CONVEYANCE
Starter, contactor and thermal overload relay stddd stored or carried under the following condiso

Table 29.
Conditions Remarks
Ambient Upper limit : 7€ Limited by a change in the characteristic
temperature due to bending of bimetal of thermal
Lower limit: -30°C overload relay, deterioration of PVC

wire, and the like.

Humidity Upper limit : 85% If the devices are left for a long time
at a place where the humidity is high,
Lower limit: 45% the insulation may be deteriorated
when they are used.

Atmosphere - Acondition where the Use special care for the storage after
devices are free from unpacking.
abnormal vibration or
shock .

- A condition where the
devices are not splashed
with water, oil, etc.

- A condition free of
corrosive gas, combustible
gas, dust, vapor, salt,

etc.
Conveyance Carefully handle and carry theThe devices are carefully packed;
devices . however, if they should be dropped

from a high place, a part of the case,
etc. may be damaged.

6-2 MAINTENANCE AND INSPECTION
6-2-1 Inspection
In order to prevent troubles and maintain the penfance of the starter and contactor, it is recomdszhthat
initial and periodical inspections are performedod¥l unexpected troubles take place at the staropefration, so
that the initial inspection is particularly sigroéint.
(1) Initial inspection
It is recommended that the following items be incteel before and after, 3 to 10 days after and 3 thenafter

operation, respectively. Periodical inspectionsisldde carried out after the above inspections.
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Table 30. Initial inspection

Time of initial inspection Major inspection items
Starting time of Immediately - Check whether screws are fully tightened.
operation before Confirm not only the terminals to which wires

are connected but also those to which no
wire is connected.

- Check whether small items such as a screw,
washer, chip, wire waste, etc. have infiltrated

the switch.
- Check whether there is any erroneous wiring.
Immediately - Check whether the contactor is closed per-
after fectly .

- Check whether the electromagnet produces
abnormal beats.

- Check whether there occurs instantaneous
arcing from arc suppressing chamber due to
starting current of motor when closing the
contactor. If the arcing is greater than at the
breaking time, it is necessary to check.

After entering normal operation, - Check screws for loosening.
- 3to 10 days after - Check whether dust or oil are adhering to any
- 3 months after part. If any foreign matter is found to be

adhering, investigate the cause.

- Turn off the power and move the moving part
by hand.

- Check whether the contact is worn. If abnormal
wear is found, investigate the cause.

- Re-confirm the inspection items required
immediately before and after operation.

(2) Periodical inspection
(a) Time of periodical inspection
When the inspection is carried out taking into ddesation the environment and the frequency of asaiven
in Table 31, appropriate security and preventioayrbe expected.

Table 31. Time of periodical inspection

Environment of use Interval of periodical inspection
Contact part Operating part

Inspection time A clean and dry place Every 12 to 36 months
according to A place which is relatively free of dust, Every 12 months
environment humidity, salt, corrosive gas, vapor, etc.

Places other than the above. Every 3to 6 months
When operating 100-times/hr (30,000-times/month) or less Everyni@nths Every 36 months
frequency is 200-times/hr (60,000-times/month) or less Every énths Every 24 months
great 600-times/hr (200,000-times/month) or less Eveménths Every 12 months

1,200-times/hr (360,000 times/month) or les|s Evergnth Every 6 months
For severe use such as inching, plugging, etc. Deireed corresponding to the actual state of us
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(b) Periodical inspection items

The periodical inspection should be carried outtfoe items given in Table 32.

Table 32. Periodical inspection items

Periodical inspection item

Contents of inspection

1. Tightening of screws

- Check the terminal clamping screw and conductor

connecting screw for loosening, and tighten them
further. Also check the terminals to which no wire
is connected; unless checked, there is a possjbilit
that they will fall out and cause troubles.

2. Removal of dropped foreign
substances, such as dust, chip,
wiring waste, screw washer,
etc.

- Confirm that there are no conductive foreign

substances in the molded part between the ter-
minals or in other places.

- Check for adherence of dust, oil, etc. If such

foreign matters are found, investigate the cause
of their presence.

- Check whether the window of the arc suppressing

chamber of contactor is blocked by a foreign
substance .

3. Check of abnormal temperature
rise

- Check whether there is discoloration of the con-

ductive part due to abnormal temperature rise,
or discoloration and crack of the molded part due
to overheating.

4. Check of thermal overload relay

- Check the terminal screws for loosening.
- Check the operating state by performing test

trip and resetting.

- When the contact of the contactor is almost

melted due to short circuit, the thermal overload
relay must be considerably damaged, so that it
should be replaced. (Excluding those which are
protected by CT or saturation reactor.)

5. Check of manual operation, and
check of operational sound or
beat at time of automatic
operation

- Turn off the power and move the moving part

by hand. Check whether the moving part moves
smoothly .

- Check whether abnormal operational sound or

beat are generated by automatic operation. If the
operation is done by opening the insulated

cover, troubles such as short circuit, etc. may
occur, so absolutely avoid initiating the above
operation .

6. Check of contact and time of
replacement

- Check whether the contact is abnormally worn.

When the contact is remarkably worn, replace the
contacts of all phases even if the contact of only
one phase is worn. If only the contact of one phase
is replaced, a failure will occur because the thick
ness of the contact of one phase is difference from
that of the other phase.
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Periodical inspection item Contents of inspection

- When the contact is blackened:

Even if somewhat blackened, no trouble occurs;
however, if the blackening is abnormal, there may
be a problem about the atmosphere, so that
investigation and countermeasures should be
carried out.

- Foreign matters adhered to the contact, such
as dust, etc. should be wiped off with a cloth
dipped in alcohol. Use of an organic solvent such
as trichloroethylene may cause contact failure.

- Check contact over travel. When over travel is
little, replace the contacts.

7. Check of contacting face of - Check when there is an abnormality such as
electromagnet (When there is an beat, etc.
abnormality referring to para. 5.) - Check whether a foreign substance such as dust,

etc. is adhered to the contacting face. When a
foreign substance is adhered to the face, wipe
it off with a cloth.

- Check whether there is any rust. Ifit is found,
remove it by rubbing with dry cloth. Use of
sandpaper or file will result in producing beats.

8. Check of voltage applied to coil - Check whether the voltage is too high or too low.
The voltage should be adjusted so that it attains
the rated voltage after operation. Take care that
the voltage when closing does not become less
than 85% of the rated voltage. Unsuitable voltage
of the operating coil will cause various troubles,
so that special care should be taken to ensure
suitable voltage .

9. Measurement of insulation - Measure insulation resistance with the 500V
resistance insulation resistance meter, and if its measured

value is less than 1, immediately replace

with new one. If the insulation resistance is less

than 5MQ but more than 1M, it can be

temporarily used; however, replace as soon as

possible.

6-2-2 Replacement of Contacts of Contactor
The electrical endurance of the contactor dependiy upon the wear of the contacts and deteriaddbesulation
of arc suppressing chamber. Contacts wear is diadsinto the modes given in Table 33, accordingvtach the

conditions requiring contacts replacement are duired.
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Table 33. Wear of contacts

Mode Simple wear Peeling wear Transiting wear Crack wear

= — = —~—

Conditions of | General wear. This wear takes place in| This wear is often found | This wear is found in

contacts When the contact over | applications including in DC application. case of large-capacity

replacement | travel, thickness of inching. When the When the area of a models over 100A
moving contact or contact area becomes transiting part is less frame. When the area
thickness of fixed less than 50% of the than 30% of the entire | of crack is more than
contact become less whole area, replace the | contact area, remove 30% of the entire area,
than the allowable contacts. the transited projection, | replace the contact.
values given in Table and the contact can be
34, replace the contacts. re-used.

Remark: The contact over travel is the amount ofemoent of the insulated crossbar from the
beginning of contact of the moving and fixed cortkaio the complete end of their

contact.

Table 34. Allowable minimum over travel and allowalninimum thickness of contacts

Frame Allowable Allowable min. Measuring method of over travel
min. thickness of
over travel contact (mm)
(mm) Moving Fixed
contact | contact
: Measure the position of operational
H8C 0.5 0.6 0.6 @ Operational indicator at the front of contactor
H10C,11,12 indicator with slide calipers.
HS10 0.5 0.6 0.6 __El: Measure the position, a, of the
operational indicator when contact is
H20,HS20 1 0.3 0.3 started by manual closing, and the
i o position, b, of the operational indi-
H25,HS25 1 0.3 0.3 cator when the coil is excited, then
( E%\ find the over travel.
H35,HS35 1 0.3 0.3 %)
Over travel=b -a
H50,HS50 1 0.3 0.3
H65C 1 0.5 0.5
After the power of main circuit is turned
H80C 1 0.5 0.5 off, the coil is excited and contactor is
: closed, remove the cover and look at the
H100C 1 0.5 0.5 ' hole on spring holder.
H125C 1 0.5 0.5 @  Where the opposite side can be
seen through hole, the amount
H150C 1 0.5 0.5 of over travel is more than the
allowable value and contactor
H200C 1 1 1 ‘_ﬁ ﬁ: can be used.
7 .
H250C 1 1 1 \ . ; Where the opposite side can
not be seen through hole, the
H300C 1 1 1 amount of over travel is less
than allowable value, then
H400C 1 1 1 replace the contacts.
Measure the position of operational indicator okdiary contact
H600C 2 1.5 1.5 | assemblyinthe same manner as (A).
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When it is necessary to replace the contact of oh¢hree phases, the contacts of all phases shbeldeplaced

at the same time. Note that after replacement oft@ots, the following items should be executed heak the

products.

(1) Measure the insulation resistance between phased between the terminals of power source amad fm confirm
that the insulation resistance is more than 1GDM

(2) The closing voltage should be less than 85%efrated voltage of coil.

6-2-3 Cautions in Handling

Items which should be avoided when handling thetshvare as follows:

(1) The wire to be connected to the terminal shaudtd be soldered.

The soldered wires become loosened with the passdgeéeme and the contact will become imperfect, gt
they should be absolutely avoided.

(2) Do not close the window of the arc suppressithgmber.

The breaking performance may be deteriorated.

(3) Do not mount on an area which is less thandmeensions of the specified minimum mounting space.
There are possibilities that temperature rise magréase and grounding or short circuit may takecplat the
time of breaking. (see page 37)

(4) Do not use the switch without an enclosure aotd.
Mount the switch in a proper enclosure such as wateof box, etc.

(5) Avoid mounting the switch at a place directlypesed to the rays of the sun, and at a hot plagarm boiler,
furnace, etc. Mounting of the switch at such placeay cause troubles such as malfunction of thermnadrioad
relay, burnt-out of operating coil and the like.

(6) The switch should be protected from direct splaof water drops or oil and dust. Place the swittha water-
proof, drip-proof and dust-proof box during use.

(7) Do not use the switch without an enclosure aglace where there is a concentration of corrogjas, combustible
gas, salt and the like.

(8) Do not mount the switch at a place subjectba@mal vibration or shock.

(9) Do not apply excessive tensile force to thedl@dres or terminals of the operating circuit arhdetmain circuit.

(10) With respect to the wire diameter and lengfhh® operating circuit and the main circuit, thegsistance values
should be kept below such resistance values as mepair the performance of the operating coil. Imfeet
closing of electromagnet will cause troubles.

(11) Closing and releasing coils of latched conbtacare rated for a short time, so they should benezted to the
protection circuit without fail, so that voltagen®t continuously applied.

(12) Do not turn on and off the power source whkea insulated cover is opened.

The insulated cover serves as a barrier betweensgdiatherefore, if the power source is turned onoffrwhile
the insulated cover is opened, there is a possyniliat a short circuit between phases may takeela

(13) Do not use the starter for protection agaisfsort circuit current.

The contactor and thermal overload relay can oniyhstand over-current of about 10 times the ratedrent.
Usually, the short circuit current is 10 to 100 &mthe rated current, so that the contact is meked the
heaters of the thermal overload relay are fusedJbyle heat. For protection against short circuiEBFor fuse
are used.
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(14) After an accident current flows, do not use "dwitch without checking.
Investigate the cause of accident to remedy it, aigb confirm that the equipment is free from damagthen,
use the switch again. When a short circuit curréows, it is necessary to pay attention to the rimgt of contact
of the contactor, wire-breaking of the heater ahdrrge of tripping characteristic of thermal ovedaalay.
(15) When connecting a power condenser, do not eohit to the primary side of the starter.
The power condenser is connected to the secondaty of the starter or the terminals of the motorhéve the
power condenser is connected to the primary sidehef starter and the circuit is phase failure deeohe phase
fusing, a roundabout circuit is made up passing fgosver condenser and a voltage of about 50 to 60%he
power source voltage is applied to the coil; thasses flapping of the contactor.
R s T R S T
Ll
Knife switch and fuse (g i) J)
(or FFB)

24
¢« o¢

~ q
Starter E—J—?‘J— j Power condenser

¢ Motor

L—.._1

For example, pressure switch

Power condenser
Fig. 43 Correct insertion of power condenser Fig. 44 Incorrect insertion of power condenser

(16) Do not remove the cover of thermal overloathyeor touch its internal mechanism.
As the thermal overload relay is strictly adjustedthe factory, be sure not to touch the internachanism.

(17) Do not set the current of thermal overloadagedt a point higher than needed.
Even in case of motors with the same capacity (k¥de load current varies with the number of polesd aypes,
sothat it is necessary to set correctly the adjusknob to the motor current.
Do not raise the set value to prevent occasionaragon. Since the occurrence of operation mustdhe to some
cause, first, investigate the cause and remed\Otherwise, there is a possibility that a major totei may take
place.

(18) The thermal overload relay should not be regleén the power is left on.
It is necessary to reset the thermal overload reddtyer turning off the power source for safety. Besng must
be made after the cause of trip is eliminated.

(19) For the wiring to the thermal overload relaywire with an appropriate diameter should be used.
If the wire is fine, the operating time becomestfaad if it is thick, the operating time, slow.

(20) Do not mount the starter and contactor upsiden, or horizontally.
Firmly mount the starter and contactor to avoidrgiéng failure or lowered breaking capacity. (segp 36)

(21) If the contactor closes in a flapping mannar gtate where the contactor is not perfectly closkedt vibrates
greatly during closing), do not use the contactamtenuously.
This will cause melting of contact, release failu@end other troubles. Investigate their causes a&fighinate this
erroneous closing.

(22) Do not remove unnecessary contacts.
Their removal may result in a loss of balance ottmechanism and have an adverse effect on the peafoce

of the contactor. (Be sure to fully tighten thermnal screws.)

47



8v

= T® g XUI
53385833 s = 4
o p = ED S 52| o o
TSvwnwon3eo 25 o o
2EcS>525358 1l sz 8 o
2888203 T 03 S o
-] - o NEIEIREREEIEIRIE o
©8g=%=z350 98::—:—:6§ch283— a
=20 D T ~ oIS (o|o@loZ || |2(5 (2] @ :
_.ngm_aj -x.—rs-—‘—‘:o_.jf-r—rjn-r ] —
83-230a®% SN SIEIEIN R T M S Y ) =
Qo> @12 plpl|eE3ec|r|e|al2 o
= 4 ® ° = 2 3
-Um;ﬁmgm =9 |=lglale|Ble|Z s |82 |8] @ <
coo 03 >o ololzI2IZ|ElsalS s lale|al 2 =2
PR =) >olal®|e|Fla|Clal=zlo o] S )
S8 o~ Q S22 |ole |2 |o oo |o|®
5383260 ggaoom—‘ﬁ;=ﬁmcm [oX
DD |= c - =
®3335%2 s 2lalalzs|ale al2lal3 D
"D~ alolol=]=]®?|a ©2Q|o|2 (o]
T o235 “1c|2|o|o|®|0 212 a >
® 39 Tielele|2 |2 lale o
T o 3 S KB o= |0 %28
D~ @ o8 la|e a2 Sln|® »
°og 2 olalo | Q| @ o
o X2 e = @ |n [P S|=
B =|o|2|o 2|3 o
o - Q [} SI< » g c
g 3|2 alo 2l 4
= n|< =B o |
ol s|=e|2 @ =4
3 IR ' 3
o =z le ]
o (D [ c
3 o |2 | o
) o | |® =
< z 0 o
There is & case of phase failure. Investigate
cause and replace the fuse with one with a correct Melting of power source fuse
capacity
o
Investigate the capacity of power source, tap vpita Drop of power source voltage g
and thickness and length of wire. Consult with °
power company, our company's agent, sales store, Power source voltage is too @
and service station about the troubles. high. c
Q
[¢]
Investigate the cause, remove it and again turn .
on pow?ar 9 Operation of fuse-free breaker
Disassemble the contactor, remove foreign sub- Failure of sliding (moving)
stances, or replace defective parts. part
Replace parts around the contact. (fixed, moving Melting of contact
contacts and contact spring) 9
Adherence of tacky substan:
Clean the contacting face of iron core with cloth. to the contacting face of iron
core
The mechanical endurance has reached its limit. Wear of the contacting face of
Replace iron core. iron core
S
Replace parts. (return spring) Damage of return spring 3
2
Replace parts. (contact spring) Defective contact Spring )

Place the starter in dust-proof or anti-corrosiax.b
Clean the contacting face of iron core with cloth.

Dust or rust on the contactin
face of iron core

[(=]

Replace parts. (fixed and moving iron cores)

Difective shading coil

Replace parts. (coil)

Wire-breaking of coil

Replace parts. (coil)

Rare short of coil

Clean it with cloth.

Adherence of oil to contact
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Thermal overload relay

Reset it.
operates. 4
>
Set the current value with load current, or replace IMiss-selection of thermal @
thermal overload relay. overload relay current 3
. Q
Replace thermal overload relay, and moreover, use Corrosion of heater due to o
protective box suitable for environment. oxidation s
Replace thermal overload relay. Operating failure of thermal ;?_,
overload relay a
Remove the cause and replace thermal overload ©
relay. Thermal overload relay dose not protect Fusing of heater g
large current like short circuit.
Check the circuit and match it with connection
diagram. Concurrently, check grounding and dis- Wiring failure of operating
connection of circuit, or tightening of connection circuit
terminals.
Connect it to motor terminals or load terminals of Installing method of power
starter. (see page 47) condenser
Repair or replace the operating switch. (push- . .
button switch, float-free switch, limit switch, e}c Bounce of operating switch
Check the limit switch, pressure switch, etc. Operatm_g and _contact failure
of operating switch
YT — .
Replace parts. (coil) l\/_Ilss_aplecatlon of operating
circuit voltage
Correctly mount it to the vertical face (see pa@@ 3 Error in mounting condition
Select the suitable starter. |Miss-selection of capacity
Re-examine the application. In case of plugging and Operating (open/close)
inching, it is necessary to limit the rated capwgcit frequency is too high.
Use one with protective structure suitable for IMiss-selection of protective
environment. structure from dust or gas.
Remove the cause and provide a reliable, protective Short circuit or grounding
device against short circuit. of the load side
. - Miss-connection for reversible |Q
Change it to a correct wiring. =
type ®
Replace coil or change the connection of wire for [Miss-connection of wire for »

coil tap.

coil tap

Change to thermal overload relay with saturation
reactor; there is another method to use timer.
(see page 31)

The starting time of load is
long.

Examine and change the mounting method and
place of starter.

Vibration and shock are great.

Check the circuit and match it with the connection
diagram. At the same time, check the grounding
and disconnection of circuit and tightening of
connection terminals.

Wiring failure

Consult with our company's agent, sales store and
service station about the troubles, and change the
installation place of thermal overload relay or

replace it with one with appropriate characteristic

Ambient temperature is too
high.

Ambient temperature is too
low .

Taking into consideration the sequence of overload
operation of thermal overload relay incapability of
closing, investigate the cause and remove it, then
reset the relay.

Overload of machine

Eliminate the cause and install a protective device
against short circuit, for instance, fuse-free ttem
and the like.

short circuit trouble of
wiring







Hitachi Industrial Equipment Systems Co., Ltd.



