











Maintenance Inspection Management

2. Faults Caused by Abnormal Operational

Operational method Fault mode Steps to fault Cause
1-2 In case of | Coil burnout « Coil is burned out after a few hours because Mis-selection
higher than abnormal overheating is caused by excessive of coil
rated excitement current when high voltage is
value substantially permitted above coil rating.
(200% of
designated | Discolored contact | * Also before reaching coil burnout, contact
value) point abnormal overheating by arc heating, abnormal burnout are
burnout generated because wobbling is increased due to
overabsorption force.
1-3 | Large voltage |1) Holder insulation | * The driving current of electrical motor flows by + Shortage of power
decrease part supporting | insertion of magnetic contactor, when the voltage capacity
contact region decrease of circuit decreases under the large « Improper driving
is heating maintenance voltage, magnetic contactor repeat method
deformed (soot) |  insertion-voltage-decrease-open-voltage-recovery- (simultanious driving
by arc reinsertion-voltage-decrease then it continues with multiple motor
1 frequent chattering with 10~20times/second. etc.)
2) Escaping of _ o _ * Too long wire
contact welding | * In this case because of repeating insertion cutoff distribution.
point of current at high-frequency, the stored amountis | , 144 thin wire gauge.
1 much more than the emittance amount of arc
3) Contact heating, and the contact reaches high temperature
elimination(there| ~ causing the welding part to melt for a short time,
is melting and it processes to a disconnection through failure
fusion in this mode on the left hand side.
stage.)
1
4) Melting damage
of contact
terminal
1
5) Mutual
disconnection
by procedure of
insulation part
carbonization
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Operational method Fault mode Steps to fault Cause
14 Lower than | It sometimes « When the permitted voltage to coil is low initially Mis-selection of
rated value reaches melting (voltage is permitted from less than 85% of control

and fusion with a | rated voltage to the range of machine core trans(lack of
driving current can be moved) or the permltted voltage of 2 cail capacity)
. decreases(voltage is permitted from less than 85%
without contact of rated voltage to the range of machine core
pressure or the can be moved) by the rush current (8~15 times of
breakdown such excitement current), core generates lack of
as 1-3. absorption force around the contact and it makes
chattering such as 1-3 by repeating insertion-
contact connection. In this case it reaches contact
melting and fusion or disconnection such as 1-3
1-5 | Substantially Coil burnout « When the permitted voltage to the coil is initially Mis-selection of
lower than decreased(the voltage is permitted, which cannot | coil
rated value move moving core), there is a rush current to the
coil, but it cannot be inserted, so coil is abnormal
heated. In this condition it reaches coil burnout in
a few hours.
2 In case of high | Breakdown is + Contact temperature of main circuit is getting the Mis-selection of

on/off
frequency

generated such
asin 1-3.

influence of arc heating by load current on/off and
joule heating from current flow. It causes arc
heating when it is on/off at the frequency more
than the capacity of the magnetic contactor.

magnetic
contactor
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Maintenance Inspection Management

2. Faults Caused by Abnormal Usage

Operational method

Fault mode

Steps to fault

Cause

3 Inching
antiphase
braking

Failure like
1-3 will occur

+ Depending on the ratio of operating inching and
plugging control during opening and closing
recovery, contact point's abnormal heating will be
caused by arc heat.

Wrong selection
of magnetic
switch

4 Rapid
phase
alteration

Contact Melting
and Fusion
Contact Burnout
Shortcircuit
between phases

« Short circuit between phases by rapid phase
transfer on motor’s reverse and Y-A operation

* Unstable
operating circuit
- Electron inter-

lock
-Shortage of
alteration time

5 Operation
circuit
causing

chattering

Failure like
1-3 will occur

« If there is chattering on the operation circuit's
contact point by impact, vibration, etc. from
outside, magnetic contactor’s voltage applied to
coil keeps flowing even during chattering.
Contact point will then repeat closing-breaking-
closing and abnormal heating. Wearing out,
melting and fusion will occur.

« With installing
relay close by
magnetic
contactor, contact
point of relay
causes chattering
by closing
collision of
magnetic
contactor.

« The contact point
of pressure S/W
and Limit S/W is
doing intermittent
operation under
unstable
operating
condition.

« Because of
control board
structure or
wrong
installation,
contact point of
magnetic
contactor causes
chattering.

LSIS Co., Ltd.
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Operational method Fault mode Steps to fault Cause
6 | Much vibration | Contact point « Short circuit from magnetic contactor's concurrent | « Mechanical
impact melting and fusion |  closing by vibration or impact from outside interlock
Contact point unstable
burnout -Operation faulty
Short circuit -Not using
between phases
Terminal unit « Loosen main circuit terminal screw, there can be | Main circuit
burnout heating or burn out on the loose part so in this terminal installation
Short circuit case maybe arc short circuit will occur. shortage of torque
between phases
7 Installation
type
7-1 Parallel Mechanical « Because acceleration of gravity occurs in the Incorrect
installation | durability direction of core’s moving, closing speed of installation method
decrease moving core becomes faster and on the core unit
Electrical and structure unit would have big impulsive force.
durability Mechanical opening and closing durability will be
decrease reduced.
opening
impossible « Closing speed of moving contact point gets faster

with same reason, bounce becomes longer and
wear of contact point also is increased.

« If it's not fixed on parallel installation, damage or
loss as below can occur.

-Because vibrating screen which absorbs fixed
core’s impact transforms, contact bounce
continues abnormally. As a result, contact point
opens and closes starting current, abnormal
wear, melting and fusion will occur.
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Maintenance Inspection Management

2. Faults Caused by Abnormal Usage

Operational method Fault mode Steps to fault Cause
7-1 Parallel Mechanical -Because magnetic contactor moves at any * Improper
installation durability direction during opening and closing, charging installation
decrease unit contacts other accessories and it causes
Electrical short circuit fault or overheating of connection
durability wire by vibration.
decrease
opening * By the weight of moving units, there is a chance of
impossible impossibility of opening and closing.
7-2 Ceiling Operation faulty | « Because moving core acts reverse direction of * Improper
installation | Contact point acceleration of gravity, operation voltage installation
detached increases. As a result, if the voltage applied to coil
Contact point decreases, it can cause (within rating value)
melting and fusion |  impossibility of opening and closing, chattering
around contacting points by shortage of absorption
force (similar condition as 1-4), or big damage on
contact points.
7-3 Crossway Mechanical « Because moving units and sliding position change |  Improper
installation | switching during opening and closing with influence of installation
resistance gravity, moving units operate opening and closing
decrease differently from normal condition.
Device damage As a result, it causes abnormal sliding worn out
Operatoin and mechanical opening and closing durability
impossiblity decreases. Also interference of accessories or
connecting pin, etc. occurs and causes device's
damage or impossibility of operation.
LSIS Co., Ltd. 137



8 Artificial * Unexpected « If moving units are to be operated intentionally or * Moving unit
mistake operation pressed by accident from outside, magnetic was operated
* Melting and contactor will be operated suddenly and this will by artificial
fusion cause harm to humans or load (machinery unit) mistake.

« Short circuit damage.
And because starting current of motor flows on * After
magnetic contactor without enough contact point's inspection,
contacting pressure, it is likely to have melting and improper
fusion on contact point. installation

When the moving unit of reversible magnetic
contactor is to be pressed by accident, two
magnetic contactor becomes tripped at the same
time and it can cause a short circuit.

After separating and inspecting arc extinguish
chamber, if you forget to assemble it back when
you install or intentionally separate magnetic
contactor while arc extinguish chamber is
separated, short circuit between phases will be
occurred by arc during opening and closing.
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Maintenance Inspection Management

3. The Cause of Fault and Prevention

Fault Conditions Cause Prevention
Rated voltage of coil is not correct. Choose correct rating again.
Terminal voltage is low. (below 85%) Adjust to designated voltage.
Chattering Voltage drop is big. Make power capacity higher and wiring
seing 2l e (shortage of power and wiring capacity) | thicker.
closing : : : : : ) :
There is foreign substance in moving units. | Disassemble and remove it.
No closing Coil burnout Exchange coil.
It's damaged. Exchange main body.
Wiring faulty Repair faulty spot.
No sound | operating switch malfunction Exchange switch.
(It does not
operate.) Fuse is broken. Exchange fuse.
Operating coil disconnection and .
operating circuit’s short circuit EXChange coil.
Colil voltage is flowing. Check the circuit and adjust.
Coil Capacity between wires of long distance wiring | Direct current operation type
oil’s
excitation is | Induced voltage from different wire Disconnect from other wire.
not broken. _ _ _ _
Operating switch malfunction Check capacity properly and exchange.
(melting, fusion and damage) Exchange the product.
i Contact point is melted and fused. Exchange contact point and check the cause.
No opening
and closing . :
: . : Disassemble and handle it.
(no returning) Oil or dust is attached on core surface. Prevent absorption.
Make the temperature difference small.
It's not Dew on core surface Disassemble and handle it.
excitated. , . .
It's absorbed by residual current. Exchange main body because of wornout.
There is foreign substance in moving units. | Disassemble and handle it.
The main body is transformed )
Exchange main body.
by heat or bent installation
It's damaged. Exchange main body.
i Wrong selection of coil rated voltage Change to correct rating.
Coil burnout Buhrnotutt. na
shorttime Applied voltage is wrong(too high). Coil exchange, change voltage.
Absorption impossibility from low operating voltage | Coil exchange, change voltage.
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Fault Conditions Cause Prevention
\?cﬁtC:gs (Ii‘o(lellg)IV\? t;séoo/roptgg f;i ulty is occured. Coil exchange and check the cause.
It's burnt out | gymout by environmental heat. Coll ex_change and chck the cause
Coil burnout | after a short of heating.

period.

Applied voltage is too high.

Coil exchange and voltage adjustment

Switchboard temperature is too
high.(above 55C )

Coil exchange, coil temperature below140C
(temperature increase below100C )

Contact point

MCCB breaking
or fuseis
disconnected.

Load side short circuit insulation
decrease, wiring faulty,

wrong handling(reversible type or during
operational concurrent closing)

Check the cause and adjust. If the main
body does not have any problem,
exchange contact point but if there is,
exchange the main body.

Chattering

Check the cause and adjust.

melting and ,

fusion Theri was |l% ht | Frequency of switching is too high. Lower the frequency and increase capacity

flTS? ohnguar? ng Semi absorption condition by voltage decrease | Remove the cause of voltage drop.

operational. | Electrical endurance gxﬂgﬁaf,?ggnc?,%?gg%%?nqot have any problem,
Load is too big. Exchange contactor with proper capacity.

Arc is big Load is too hig. Exchange with bigger capacity one.

during opening | Frequency of switching is too high. Choose the right capacity for frequency.
and closing.

Contact point
abnormal wear

During closing, big vibration

Check the cause and adjust.

Contact point’s
welded part is

Contact point chattering is big.

Check the cause and adjust.

Lower the frequency or exchange with

excluded. Frequency of switching is too high. bigger capacity.
Oil, etc. are attached to contact point surface. | Repair and prevent adhesion.
Fast wear Cossive gas, etc. Improve installation spot.
Capacity is low. Exchange with proper capacity.
A lot of dust Repair and dustproof.
It happens | Oxidized contact point surface of oxcimationBechange. - e e
sometimes. | Foreign substance on contact point surface | Repair contact point.
Foreign substance in moving unit Disassemble and repair.
Coil burnout Oil dust is attached on contact point surface. | Disassemble, repair, and prevent adhesion.
Carbonized contact point surface o e reangerC pe
It happens Low voltage and current If possible, use over 110V 50mA.

continuously.

Foreign substance on contact point surface

Disassemble and repair.

Contact point is detached.

Contact point repair, Remove detachment cause,
prevent adhesion processing

Structure unit is damaged.

Exchange main body.

140

Metasol MS Technical Manual



Maintenance Inspection Management

3. The Cause of Fault and Prevention

Fault Conditions Cause Prevention
Terminal screw is twisted. Exchange main body.
Torque shortage of terminal screw Adjust screw tightening torque.
UGt Tgrmmal ene Loose screw by vibration and impact Prevent vibration and impact.
burnout wire burnout
Wire is too thin. Exchange wire and main body.
Contact point melting and fusion, wear(endurance) | Exchange main body.
Foreign substance between core Disassemble and repair.
Small amount of rust on core Disassemble and clean core surface.
Chatt.ermg Core wornout Exchange main body.
occasionally
Power voltage is low. Check the cause and adjust.
High corrosive gas and humidity Prevent penetration from outside.
Foreign substance between core Disassemble and repair.
Chattering Core is rusted. Disassemble and clean core surface.
S-coil short circuit(endurance) Exchange main body.
Frequent Improper installation, installation surface is twisted. | AD just for proper installation.
chattering | |hcorrect coil voltage (low voltage) Exchange with proper coil.
Core wornout Exchange main body.
During switchboard installation, resonance | Change installation structure.
Reversible mechanical interlock Mechanical interlock readjustment
It occurs on | Large current is flowing. Measure current and remove the cause.
: main circuit o - ]
Chattering part(abnormal | Wires inside of panel are seperated by | Wiring through same hole for input and
sound) each strand output wires
Load is too big. Use proper load.
Switching frequency is too high. Reselect suitable for switching frequency.
It occurs S o . . . .
frequently. Vibration impact is big during operational. | Change installation method and place.
Incorrect regulating current of TOR Choose proper regulating current.
TOR is Improper selection of TOR current capacity | Exchange with proper current capacity.
operated. Long starting time(over 10 sec.) Reselect TOR.
Starting current is big. Install saturation reactor.
It occurs . .
during staring Incorrect application(Y-2, pole conversion, etc.) | Reselect properly.
High surrounding temperature Temperature adjustment or installation place change.
Different load Adjust load or rechoose motor.
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Incorrect TOR capacity

Reselect properly.

Incorrect TOR regulating current setting

Select properly.

TOR damage

Exchange TOR.

Special structure of motor

Choose special typeTOR.

Reset bar was pressed.

Remove obstacles.

Inactive TOR Reset is repeated within short time. Recheck motor capacity.
Contact point melting and fusion(short circuit) | Exchange TOR.
Malfunction of magnetic contactor Exchange magnetic contactor.
Wiring faulty Adjust cause of faulty.
Heater fusing There was short circuit current. TOR exchange, improve protection cooperation.

Wiring faulty TOR exchange, adjust cause of faulty.
Resetting too fast Cooling and reset.

TOrF;SiZtr.mt - Contact faulty of contact point Exchange TOR .

Wiring faulty

Check the cause of faulty and adjust.
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Selection and Application

1. Selection

] 1.1 General Selection

W Consideration
of operational
location

B Selection
of rated
capacity

W Consideration
of operational
location

W Consideration
of circuit
composition

LSIS Co., Ltd.

An assembled type magnetic switch has a protective structure but closed type is
recommended in the case of an indoor facility, because installation place, and operational
environment need to be considered. Anti-vibration type is good for dusty places, anti-corrosion
type is good for chemical plants, a switch is good for a general device plant, as it's important
to be careful to avoid oil penetration inside of the control unit. Holes should be considered,
because this is a cause of connection fault, contactor's contact abnormal wear, and mis-
operation.

Rated capacity is selected by applied load type, voltage, frequency, capacity. The capacity of
the magnetic switch is selected by output power, voltage, frequency, entire load current of
electrical motor in the case of motor load, and control circuit is selected by the coil which has
aligned with operational voltage, frequency, and also overload thermal relay for motor
protection is selected by the standard of the entire load current.

Magnetic switch is regulated in KSC or IEC with the class depending on close circuit or
breaking capacity, type by switching frequency and each number endurance. For example, A4
class, number 1, type 1 indicates 10 times breaking current, 1200 cycles per hour switching
frequency, electrical 500,000 cycles and mechanical 5,000,000 cycles. Normally the
performance is determined under general driving conditions, but endurance changes
drastically by inching movement or negative phase suspension of switching frequency, motor
driving in real operational conditions, therefore thorough investigation such as the following is
necessary.

1. Switching frequency per hour, maximum switching frequency
2. Input current, breaking current

3. Implementation of inching, negative phase suspension

4. Amount of time required for replacement

5. Circuit composition

Electrical motor overload should be protected as long as using switch, but using breaker for
circuit protection wiring is necessary when there is no ability to break the short circuit or
heating element of overload thermal relay is possible for fusing. Especially protection
cooperation should be considered when selecting the rating.
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| 1.2 Basic Performance of the Switch

There are four basic element functions shown in the table below in the switch of electrical
circuits, the contents in the following table and economical efficiency need to be examined
at the same time when the switch is being selected.

ltem ENnCan Product rated performance Important examination during
(element determining performance) selection of type
« Closed « Closed circuit current « Circuit current <closed circuit
L circuit function | « Breaking Current breaking capacity
Switching | . reaking (Here current capacity is electric
performance function energy according to voltage X
« Insulation current X power factor.)
voltage
- Continuous « Flowing current(Joule heat) « Load current < Conventional free
Current flow Current Flow « Over current limit quantity air thermal current (Ith)
performance « Short-term (Fleming's left-hand law) « inrush current or starting Current <
current flow Over current limit quantity
. « Demanding electrical durability
» Mechanical « Control VoI}age, type (AC/DC), <Zelectrical durability
endurance load capacity « Repetitive switching frequency
SWitching « Electrical « Switching voltage, current, < switching frequency
durabilit endurance power factor . gwitching voltage <
Ly * SW'tCh',ng frequency rated operational voltage Load
: Operauon?l ra_teh_ « Load current < rated operational current
+ Number of switching + Demanding electrical durability
< electrical durability
« Over current detection element and « Load rated current =
Overcurrent performance characteristic ) - . .
detection (current and time characteristic) setting current of overload protection device
(load current is selected within rated
current range of detection element)

Notel) Arc Energy becomes the smallest when the current and voltage are in the same phase.

Note 2) Energy quantity when switching varies alot, depends on the
value of the power factor( Cos@ =

R

Note 3) Joule's law is explained in the following formula:
H=0.24x X Rxt(cal)

Magnetic field (H)

Current(l)

Magnetic field (H)

Current(l)
Force(F)

Force(F)

The direction of force of linear current is exerted from the magnetic field.

Fig. 31. Fleming's left hand law

The force exerted on the conductor varies depends on the amount of current and magnetic flux.
Moreover, the amount is proportional to the amount of current. But, the force is not exerted
when current and direction of magnetic field are parallel.

Metasol MS Technical Manual
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1. Selection

] 1.3 Selection Process

- 3-phase squirrel cage motor - Single phase motor

Type of load l_ Motor load ‘ - 3-phase wound rotor type motor
DC load ‘ - DC motor - DC electro-magnet

- 3-phase advanced condenser

Cotndiznzizy e ‘ - single-phase advanced condenser

- 3-phase transformer first switching
- single phase transformer first switching

B N N A

Resistance load ‘ - 3-phase resistance - DC resistance |

Transformer load ‘

- 3-phase squirrel cage motor - single phase motor
- 3-phase wound rotor type motor

Driving motor, Line-start drive ‘

driving method

- inching 10, 50, 100%

_|Operation of inching,

plugging - operation of plugging(antiphase suspension) |

_| reve;\lrg:en:ier‘!\llin v ‘ - reversible magnetic contactor, contactor |

—| Y-Astarting ‘ - selection of Y-Astarting - Y-Astarter |

—| Reactor starting ‘ - reactor starter(3 phase starting reactor) |

—| compensstgtri%%gm ethod|  starting compensator(autotransformer) |

Change of . ) ,
pole's number - sort, connection and selection of pole's number change
_| C|°iﬁ‘r‘rginrt°ggg§?;‘i"9 - AC-3 level closed circuit/ breaking current capacity |
Performance
switching _ _

durabil ity(l ifes pan) —| SWItc(“:crégsggsblllty - mechanical / electrical durability(life span) |

P Types and . ) ]

Control coil |——| rating/characteristic AC control coil DC control coil
—| PO\\'IVaerri ;?gﬁge ‘ - range, voltage decrease limit quantity |
Sub-contact l— ng:ﬁgg:tisz%?f ‘ - assembly number of sub-contact |

—| Rating, Reliability ‘ - rating - reliability of sub-contact |

Assembled type l—
- Case cover installation magnetic switch
Case cover ) ) .
installation - Push button attaching magnetic switch
- anti-vibration/ corrosion typed magnetic switch
Countermeasure Tropical, cold zones ‘ - tropical swampy zones, treated product for cold zones |
of special :
environment circﬁ&?(l:rln ces ‘ - protection from dust, anti-corrosion |
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Domestic standards

Basic standards ‘

- 3 based on KSC standard

- KR standard, safety certification,

Aol s o ‘ electrical product safety standard approval
Overseas standard Standard ‘ - IEC Standard
Certification - UL & CSA Standard
- Marine standard (LR, BV, NK, ABS, DNV)
standard - CCC certification
Terminal cover Easy terminal ‘ - Terminal cover attaching magnetic contactor/switch

Prevention of
manual
mis - operation

Safety cover ‘

- Charging protection cover unit

Transparent
protection cover

- Transparent protection cover for

prevention of mis- operation

Motor capacity
and selection
of terminal number

Motor full load
current

- Application depends on motors

T
I
T
T

Motor capacities ‘

- Part TH standard application depends on motor capacity

Application by
starting time

Starting time is
long(Fan,
Blower application )

- Time lag type TOR attachment magnetic switch

Protection purpose

Overload,
bound protection

- Standard type magnetic switch

Openphase
protectionaz

- 3E, open phase protection TOR

Half phase protection‘

- 3E TOR attaching electric switch

Protection
cooperation

Cooperation with
over-current

- combination with wiring breaker, current limit fuse
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Selection and Application

1. Selection

] 1.4 Terminology Definitions

W Circuit

W Overload
thermal
relay
tripping
class

M Insulation
class

W Equipment
protection
cooperation
during short
circuit.

LSIS Co., Ltd.

1. Main circuit
Current flowing part of magnetic contactor which can be inserted into circuit, it is a circuit
connected to electric machines which convert electricity into mechanical force
+ Motor (Electrical energy » Mechanical Energy)
« (Electrical energy = Thermal Energy)
« Circuit connected to electric lamp (Electrial energy = optical energy)

2. Control circuit
It is a circuit sending electrical signals to the coil in order to activate magnetic switch,
contactor solenoid which opens the main circuit of magnetic contactor’s conductor part for
controlling magnetic contactor’s insertion or breaking action.

3. Sub-circuit
Every conductor part of magnetic contactor inserted into main circuit and other circuit's from
magnetic contactor's control circuit.

Tripping class of IEC 947-4-1 is defined with 10A, 10, 20 and 30. Types 10A, 10 etc. are
suitable for the maximum tripping time for insertion current of 720% of setting current.
Moreover, the standard of each class indicate the basic tripping time of 150% of the setting
current, set the condition of no tripping at 105% of setting current. All this data is summarized
in the following table.

IEC947-4-1 citation

Tripping class 10A 10 20 30

setting current’s 1.5 times (Hot state) (© 120 240 480 720

setting current’s 7.2 times(cold state) () 2-10 | 4-10 | 6-20 | 9-30
setting current’s 1.05 times No tripping

This characterizes the application of device depends on surrounding temperature and operating
conditions. The equipment has an alternative insulation voltage depending on insulation

class A,B,C,or D depending on the given space and creeping distance, class C is mostly
suitable for industrial applications.

This is a priority of thermal overload relay of SCPD and negative contactor such as fuse,
breaker which have high breaking capacity, or other fuse.

« IEC publication 947-4-1 defines Type "1" and "2"

1) Type "1" cooperation
Magnetic contactor or switch is not dangerous to humans or installer during short circuit, it is
required not to operate without repairs or part replacement

2) Type "2" cooperation
Magnetic contactor or switch is not dangerous to humans or installer with short circuit, it is
required to operate later. Contact is allowed for a little amount of melting and fusion.
Manufacturer should make some proper preparations related to maintenance of equipment
in this case.
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B Rated
operational
current(le)

W Conventional
free air
thermal
current(ith)

| Allowed
short -
term rating

B Rated
operational
voltage(Ue)

W Rated
insulation
voltage(Ui)

H Rated
impulse
withstand
(Uimp)

W Rated circuit
voltage(Uc)

B Rated
operational

capacity(kW)

W Cycletime |

Rated operational current is the usable current value from the manufacturer. This current is
defined by rated operational voltage(Ue), rated operational frequency, application range of
standard or rating duty. The current which is sending rated voltage to motor resistance is
called the entire load current, but the maximum entire load current encompassing breaking
closed circuit capacity, switching frequency, endurance is called rated operational current.

« Electrical motor's case (case of Metasol series)
The AC3 class current shows rated operational current at 1800 switching cycles/hour,
2,000,000~2,500,000 cycles electrical endurance an

Contactor can last for 8 hours without any temperature increase of partial component at the
condition of flowing current in this current. Rated flow current is a maximum current value
which can flow continuously for more than 8 hours and it is less than increased temperature
decided by the standard, it can be used up to this rated flow current in case of resistance load
in Metasol series. Rated flow current Ith, application class of resistance load is indicated with
AC1 class. Therefore Metasol series indicates AC1=lth A.

This current doesn't let inserted contactor generate dangerous overheating, can be
maintained for a short term after a no load period.

Rated operational voltage can determine the contactor operational with rated operational
current, and determine test and application ranges. Operational voltage is indicated by two
phase voltage in a three phase circuit, it is less than or equal to rated insulation voltage Ui.

Rated insulation voltage decide on of insulation equipment and leakage route and insulation
distance. and related with intensity examination. The voltage is allowed at the wiring
distributed flow current part such as magnetic switch, contactor, but it is regulated that the
resistance(insulation resistance) of this current flowing part is low, or the minimum distance
that insulation is not destroyed between current flowing part at low voltage, and the
voltage(withstanding voltage) that the insulation is not destroyed. This insulation distance and
withstanding voltage is different from actually used voltage(rated endurance voltage).
Therefore, rated insulation voltage > rated endurance voltage.

In test conditions, it is the peak impact voltage which can endure equipment becoming
defective can be prevented and impulse voltage peak value.

It is a basic control circuit of operation characteristic, this value is given as a rated value of
voltage in sine wave form in an AC circuit application.
( Higher harmonic distortion : less than 5%)

The rated capacity at the rated operational voltage when switching of the contactor is

possible (kW)

1) Rated output power(kW) of the maximum application motor about the rated operational
voltage in case of electrical motor.

2) Entire load capacity(kW) of the maximum application resistance load about rated
operational voltage in case of resistance load.

It is the sum of no current time and current flow time during a given cycle.
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Selection and Application

1. Selection

] 1.5 Vocabulary Definitions

W Switching
durability

N Electrical
durability

B Mechanical
durability

B Making
and
breaking

H Load
factor

W Operational
ratio (%)

B Switching
frequency

W Plugging |

W Inching \

LSIS Co., Ltd.

It is the limit of switching cycles for which magnetic contactor can be used without
any problems under regular conditions.

It is the average durability by electrical wear in the case of switching with the regulated
conditions under load. It is the number of load operations that the contactor can switch, and it
is different depending on the application range.

It is the average durability by electrical wear in the case of switching with the regulated
conditions under no load. It is the number of no flow current operations that the contactor can
switch.

It is the capacity that breaking and making is possible under regulated conditions. It is the
value that the contactor can break and insert in the voltage the root mean square of current
according to a given application range and indicated conditions in the standard.

No load operation time ratio of the entire cycle time x 100. Ratio between current flow time(t)
and cycle continuance(T).

cycle continuance time(T)

load factor(m) = :
current flow time(t)

X100

« Cycle continuance : time at current flow cycle + zero current

It has a regular or irregular cycle for the short-term indicating the degree of device
operational, the total sum of operational time within a certain time is indicated with a
percentage and it is called %ED.

total sum of current flow time for one hour (s)

3600

operational _
ratio (%)

X100

« total sum of current flow time for one hour is indicated by the percentage.

Number of switching cycles per hour.

Separate the driving motor rotating in one direction from the power, shift and connect the two
phase wire connected to motor, then the motor will rapidly stop because a rotating force in the
opposite direction about the rotating direction force is generated.

For miniscule variations of the electrical motor, excite the motor for a short time then perform

the opening action more than one time. By frequently repeating motor's driving and stopping,
it breaks driving current before motor reaches full speed.
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B Limit of coil
operation

B Installation
location

B Intermittent
duty

B Phase
impedance

H Time

B Impact
resistance

W Resistance
to vibration

B Indication of
RC and TC

It is expressed with times of normal control circuit voltage (Uc) with a higher or lower limit.

It follows the direction of the manufacturer. Limit of specified installation location should be
considered.

The duty of the contactor is continuously inserted for a very short time to reach thermal
equilibrium of contactor.

Impedance of one phase is a sum of every circuit part between the input terminal and teh

output terminal. This impedance consists of resistance parts(R) and inducing parts(X=Lw).
Therefore the entire impedance is different depending on frequency, normally it is given at
about 60Hz. This average value is given about the phase at the rated operation current.

1. Time constant
the ration of inductance about resistance (L/R = mH/Q =ms)

2. Short-time withstanding current
the current of which magnetic contactor can resist at the inserted location of specific
condition for short-term.

3. Minimum switching time
This is the closed circuit or breaking order time for the perfect closing circuit or breaking by
magnetic contactor.

4. Closing time
time interval when start and contact of closing operation separates from every phase

5. Opening time
time interval when starting moment and arc contact of opening operation separates from
every phase

Is a requirement for installation in cars, crane drives, marine and plug-in devices. The location
of magnetic contactor shouldn't be altered with acceptable value "g", TOR shouldn't be
tripped.

It is a requirement for cars, boats and other shipping transportation. The equipment should be
operated continuously with a specific vibration altitude and frequency value.

It is current capacity indication method of TOR, operation current is indicated by TC(tripping

current), indicating load rated current value is RC(rating current). Both sides relation is 1.25 :
1, recently every company applies RC.
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Selection and Application

2. Application

] 2.1 Application Categories

Contactor, contactor relays, and thermal overload relay are regulated by IEC 947-1, 947-4-1
and 947-5-1, the duty of contactor related operational voltage, current application range and
thermal overload relay's duty is regulated by international standards, the duty of a contactor is
characterized by rated operational voltage and current application range.

1. Contactor application categories by IEC 947-4-1

AC-1 Load, resistance furnace with non-inducing or minute inducing characteristic
AC-2 Drive and stop of wound-rotor type motor
AC-3 Stop during the driving, starting squirrel-cage type motor

AC-4 Squirrel-cage type motor: starting, plugging, inching

AC-5a Control device switching such as discharging
AC AC-5b Incandescent lamp switching
AC-6a Transformer switching
AC-6b Condenser bank switching
AC-7a Low inducing load about home appliances and similar applications
AC-7b Household operational motor load
AC-8a Manual reset type overload closed type freezing compressor motor
AC-8b Automatic reset type overload closed type freezing compressor motor
DC-1 Load, resistance furnace of non-inducing, minute inducing characteristic
DC-3 Starting of shunt motor, plugging, inching, dynamic suspension
oc DC-5 Starting of series motor, plugging, inching, dynamic suspension
DC-6 Incandescent lamp switching

2. Contactor relays application categories by IEC 947-5-1

AC-12 Control of suspension load and resistance load with optical coupler in insulation
AC AC-13 Control of suspension load which has transformer insulation
AC-14 Control of minute electric load(<72VA)
AC-15 Control of electromagnetic load (>72VA)
Control of suspension load and resistance load which has
DC-12 optical coupler in insulation
DC

DC-13 Control of DC electromagnet

DC-14 Control of DC electromagnet which has economical resistance
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| 2.2 Durability(durability) Indication Method by Standard

Category

AC-3 -1 - 1-0

Number

Type

*Depending on switching frequency and number
possible switching number per hour is indicated

lDepending on durability type
mechanical durability and electrical durability are indicated.

Number Mechanical Electrical
eS| &0 Bl B2 aE | B | S durability durability
Switching freq. illi i illi i
(imes/houn) 1800 | 1200 | 600 300 150 30 6 #0 More than10 million times More than 1 million times
e #1 More than 5 million times More than 500,000 times
Operal | 15 | 25 | 40 | 60 | 60 | 60 | 60
tional #2 More than 2.5 million times More than 250,000 times
ratio DC
(%) | contactor 25 40 40 40 60 60 60 #3 More than 1 million times More than 100,000 times
Note 1) Operational ratio(%) is applied to AC-1, AC-2, AC-3, DC-1, and DC-6. #4 More than 250,000 times More than 50,000 times
But the operational ratio of AC-4, DC-3 and DC-5 is taken with
manufacturers guaranteed value. #5 More than 50,000 times More than 10,000 times
Note 2) Switching frequency indicates individual switching per hour.
) gired y 9p #6 More than 5,000 times More than 1000 times

Note 1) Durability indicates the number that switching operation is one time.
Note 2) Combination indication per type is indicated by each type when
electrical durability, mechanical durability types are different, and it
may be omitted with one of them when the types are matched

L@ Depending on the class of closed circuit and breaking current :

Depending on the class of closed circuit and breaking current :
current value times for which close circuit or breaking is possible about rated operational current indication value
are indicated. Circuit conditions (closed circuit and voltage, current, power factor) are determined to evaluate
electrical durability, circuit condtion(closed circuit and voltage, current, power factor)

Test conditions
. : Representative
Types| Category Making (KSC, IEC) Breaking (KSC, IEC) applic?ation example
I/le |U/Ue |cos@ | Ic/le |Ur/Ue|cos@
Resistance load switching of non-inducing
> ACL 1 1 0.95 1 1 0.95 or minute inducing char.
g g AC-2 25 1 0.65 25 1 0.65 Starting, stopping wound-rotor type motor
>
58 AC3 | <17A| 6 1 0.65 1 0.17 | 0.65 | Starting and stopping
o ci 17A< | 6 1 0.35 1 0.17 0.35 | Squirrel-cage type motor Note1)
e | <17A| 6 1 0.65 6 1 0.65 | Starting squirrel-cage type motor,
17A< | 6 1 0.35 6 1 0.35 | anti-phase suspension, inching
Resistance load switching of non-inducing or
o g bc- 1 1 1 1 1 1 minute inducing characteristic
o
3 . i .
gm DC-3 25 1 ) 25 1 2 Starpng shunt motor, antl.phase suspension,
o< inching, DC motor dynamic suspension
© L . . .
o DC-5 25 1 75 25 1 75 .Star.tlng shunt motor, antl-.phase suspension,
inching, DC motor dynamic suspension

Note 1) AC-3 depending on operational load type may be used in temporary inching or anti-phase suspension in case of limit time, number such as operating
machines. It is the number which does not exceed five times per minute, which is confined to be less than 10 times in 10 minutes.
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2. Application

| 2.3 Understanding of Application Categories for AC Circuit Contactor

B Category
AC-1

B Category
AC-2

B Category
AC-3

AC-4

B Category
and AC-2

W Test ‘
Conditions

LSIS Co., Ltd.

It is applied to every type of AC load which has a power factor more than 0.95(cos j x 0.95),
there are non-inducing loads, minute inducing loads, and resistance furnace.

- Application example: heater, incandescent lamp, and general wire distribution

It is applied to driving, plugging, inching of wound-rotor type inducing motor, about 2.5 times of
motor rated current is generated as starting current, it can break the starting current at the
voltage which is the same as the main power voltage or less when breaking.

It is applied to starting and suspension of squirrel-cage type inducing motor, and plugging and
inching are not considered separately from category AC-4. The current when closed circuit is
5~8 times of motor rated current, it is normally used with standard squirrel-cage type motor
with 20% of main power during breaking.

« application example : every standard squirrel-cage type motor
(lift, escalator, conveyor belt, bucket elevator, compressor, pump, mixer, air conditioner etc)

It is applied to plugging and inching of squirrel-cage type motors and wound rotor type inducing
motors. Contactor is closed with 5~8 times more than rated motor current. And it is operated
at the same current with higher, slower speed when breaking. The voltage can be the same as
teh main voltage.

« Application example : Printing machine, wire distribution drawing machine,
crane and hoist, metal

AC Normal operation Occasional operation
Making Breaking Making Breaking
Category

I U [cos@| | U |cos@| | U [cos@| | U |cos@
AC-1 le |1.05Ue| 0.8 le |1.05Ue| 0.8 | 1.5le |1.05Ue| 0.8 | 1.5le |1.05Ue| 0.8
AC-2 2le |1.05Ue| 0.65 | 2le |1.05Ue| 0.65 | 4le |1.05Ue| 0.65 | 4le |1.05Ue| 0.65
AC-3 le<100A| 2le |1.05Ue| 0.45 | 2le |1.05Ue| 0.45 | 10le |1.05Ue| 0.45 | 8le |[1.05Ue| 0.45
le>100A| 2le |1.05Ue| 0.35 | 2le |1.05Ue| 0.35 | 10le |1.05Ue| 0.35 | 8le |1.05Ue| 0.35
AC-4 le<100A| 6le |1.05Ue| 0.45 | 6le |1.05Ue| 0.45 | 12le |1.05Ue| 0.35 | 10le |1.05Ue| 0.35
le>100A | 6le [1.05Ue| 0.35 | 6le |1.05Ue| 0.35 | 12le |1.05Ue 0.35 | 10le |1.05Ue| 0.35

V=E ]
] power factor
=0.3~0.4 V=E
.~ power factor
6l V=0.17E 6l =0.3~0.4
power factor
) =0.3~0.4
! switching frequency
In case of 1800 cycles/hour switching frequency
0.05s 0.45s 1.5s 0.1 2.9s
1S
In case of 1200 cycles/hour In case of 1200 cycles/hour
0.1s 0.65s 2.25s
01 5.9s
S < In case of 600 cycles/hour

Fig. 32. Category AC3 of electrical switching durability test duty Fig. 33. Category AC4 of electrical switching
| : rated operational current  E : rated operational Voltage durability test duty
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| 2.4 Understanding of Application Categories for DC Circuit Contactor (IEC/EN60947-4-1)

W Category ‘
DC-1

H Category
DC-3

B Category
DC-5

B Test
conditions
(making
and
breaking
condition)

Is applied to DC load of every type, when time constant (L/R) is the same as 1ms or less.

Is applied to starting shunt motor, plugging(anti-phase suspension) and inching (time constant
< 2ms). Contactor has a condition of 2.5 times of motor rated current flowing as starting
current when closed circuit, and the circuit is broken with 2.5 times starting current at the
voltage is the same or less than the main power voltage when breaking. Counter
electromotive force decreases and voltage increases as electrical motor operates slowly,

so it is difficult to break.

It is applied to starting, plugging(anti-phase suspension) and inching of series motor(time
constant < 7.5ms). Contactor has a condition of 2.5 times of motor rated current flowing as
starting current when closed circuit, and the circuit current is broken at the higher voltage and
lower motor speed. Voltage can be the same as main power voltage.

Normal operation Occasional operation
bC Making Breaking Making Breaking
category =" T TLR| | | v IL/R| 1 | v IL/R| | | u |LR
(ms) (ms) (ms) (ms)
DC-1 le |1.05Ue 1 le [1.05Ue¢ 1 1.5le |1.05Ue| 1 1.5le |1.05Ue| 1
DC-3 2.5le |1.05Ue| 2 2.5le |1.05Ue| 2 4le |1.05Ue| 25 4le |1.05Ue| 25
DC-5 2.5le |1.05Ue| 7.5 | 2.5le |1.05Ue| 7.5 4le |1.05Ue| 15 4le |1.05Ue| 15

| 2.5 Understanding of Application Categories for Contacts Auxiliary and Control Relays(IEC/EN60947-4-1)

B Category
DC-14

W Category
DC-15

B Category
DC-13

Bm Test
Conditions
(Making
breaking
conditions)

Applied to electromagnetic loads switching by the power when organic electromotive force of
breaking electromagnet is less than 72VA, the application range is applied to control coil
switching of contactor and relay.

Applied to electromagnetic loads switching by the power when organic electromotive force of
electromagnetic breaker is less than 72VA, the application range is applied to control coil
switching of contactor and relay.

Applied to electromagnetic load switching (P<50W) like six times of power P that time(T=0.95)
which reaches 95% of normal operation current worn by load. Application range is applied to
operation coil switching of magnetic contactor which doesn't have consumption power
reducing type resistance.

Normal operation Occasional operation
AC Making Breaking Making Breaking
Category
I U |cos@| | U |cos@| | U |cos@| | U |cos@
AC-14 6le Ue 0.3 le Ue 0.3 6le |1.1Ue| 0.7 6le |1.1Ue| 0.7
AC-15 10le Ue 0.3 le Ue 0.3 | 10le |1.1Ue| 0.3 | 10le [1.1Ue| 0.3
DC-13 le Ue | 6P™ e Ue | 6P| 1.1le |1.1Ue| 6P™ le |1.1Ue| 6P

Notel) The value 6P(W) is based on real axis, P = 50W, in other words it indicates the most magnetic
load up to maximum limit of 6P = 300ms = L/R. The upper load of this consists of smaller loads in
parallel. Therefore 300ms is the maximum limit regardless of rated current value.

Note 2) - U(I) = Applied voltage(current) « U = Voltage recovery s L/R = Test circuit time constant

« U(l) = Rated operational voltage(current)

- | = inserted and braking current express symmetric element value such as mean
square of DC or AC

« T=The required time to reach 95% of current for maintaining equilibrium condition.
Expressed in ms(milliseconds)
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2. Application

] 2.6 Average Full Load Currents of 3-Phase Squirrel-cage Motors

W 3 phase 4 200 43 500/
pole Power 208V | 220V | 230V | 380V | 400V | 415V | 440V | 460V | 525V | 575V | 660V | 690V | 750V | 1000V
motors 1) @)} )
(50/60H2) w | H | A A A | A A | A A | A A A | A A A | A
037 | 05 | 2 | 18 | 2 | 103 | 098 | - | 0% | 1 1 ] 08| 06| - - | o4
0% | 075 | 3 | 275 | 28 | 16 | 15 | - | 136 | 14 | 12 | 11 | 09 | - - 06
075 | 1 |38 |35 | 3 | 2 | 19| 2 | 16| 18 | 15 | 14 | 11 | - - | o’
11 | 15 | 5 | 44 | 52 | 26 | 25 | 25 | 237 | 26 | 2 | 21 | 15 | - - 1
15 | 2 |68 | 61 | 68 | 35 | 34 | 35 | 306 | 34 | 26 | 27 | 2 - - | 13
22 | 3 |96 | 87 | 96 | 5 | 48 | 5 | 442 | 48 | 38 | 39 | 28 | - - 19
3 - | 126 |15 | - | 66 | 63 | 65 | 577 | - 5 - | 38| 3 | - | 25
5 | - -2 |- - - - e [ - er | - - - 3
4 - | 162 |15 | - |85 | 81 | 84 | 79 | - | 65 | - | 49 | 49 | - | 33
55 | 75 | 2 | 20 | 2 |15 | 1 | 1 | 04| 1 | 9 9 | 66 | 67 | - | 45
75 | 10 (288 | 27 | 8 | 155 | 48 | ¥ | 17| W | 1| 11| 69| 9 -

9 = 36 32 - 185 181 17 169 - 139 - 106 | 105 -

6
7
1 15 42 39 42 2 21 21 201 21 184 17 14 121 1 9
15 20 57 52 54 30 285 28 265 27 23 2 173 | 165 15 12
185 25 70 64 68 37 35 35 328 34 285 27 219 | 202 185 145

2 30 84 75 80 44 42 40 39 40 32 254 | 242 2 17
30 40 114 103 104 60 57 55 515 52 41 546 33 30 23

45 60 162 150 154 85 81 80 76 w 62 49 468 42 3

3
45
37 50 138 126 130 2 69 66 64 65 55 52 42 40 36 28
65
80

55 75 200 182 192 105 100 100 0 96 v 61 58 52 40
75 100 | 270 240 248 138 131 135 125 124 105 9 82 75.7 69 53

90 125 | 330 295 312 170 162 165 146 156 129 125 98 9 85 65
110 150 | 400 356 360 205 195 200 178 180 156 144 118 13 103 78

132 = 480 425 - 245 233 240 215 - 187 - 140 135 123 90
200 | 520 472 480 273 222 260 236 240 207 192 152 - 136 100

160 = 560 520 - 300 285 280 256 - 220 - 170 165 150 115
= 250 - - 600 - - - - 300 - 240 200 - - 138
200 = 680 626 - 370 352 340 321 - 281 - 215 203 185 150
220 300 | 770 700 720 408 388 385 353 360 310 288 235 224 204 160
250 350 | 850 800 840 460 437 425 401 420 360 336 274 253 230 200
280 = - - - 528 - - - - - - - - - 220
315 = 1070 | 990 - 584 555 535 505 - 445 - 337 321 292 239
450 - - 1080 - - - - 540 - 432 - - - 250

355 = - 1150 - 635 605 580 549 - 500 - 370 350 318 262
500 - - 1200 - - - - 600 - 480 - - - 273

400 = - 1250 - 710 675 650 611 - 540 - 410 390 356 288
450 600 - - 1440 - - - - 720 - 576 - - - 320
500 = 1570 - 900 855 820 780 - 680 - 515 494 450 350
560 = - 1760 - 1000 950 920 870 - 760 - 575 549 500 380
630 1980 - 1100 | 1045 | 1020 965 - 850 - 645 605 550 425
710 = - - - 1260 | 1200 | 1140 | 1075 - 960 - 725 694 630 480

(1) The values adhere to NEC(National Electrical Code). These values are given as one direction.
They can vary depending on motor and manufacturer.
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] 2.7 Making and Breaking Conditions

m D.C. power
circuit
switching

W A.C. current
circuit
switching

W Effect of
terminal
length

Arc restraint is more difficult in DC than AC. Moreover, it is more difficult as circuit time
constant is higher. This is the reason that many poles should be connected in series to
increase breaking condition.

Possibility of increasing performance by connected poles in parallel

According to operation voltage, coil consumption and control lay-out, the problem by railway
resistance and capacitance can happen during magnetic contactor insertion and breaking
order.

Making and breaking condition according to application categories

Durability conditions Occasional operation
Makin Breakin Makin Breakin
category 4 . L .
cos@or cos@or cos @ or cos@or
1/1 u/U LIR(ms) 1/l u/U LIR(ms) 1/1 u/u LIR(ms) I/ u/U LIR(ms)

Magnetic contactors for A.C. circuit switching

AC-1 1 1 0.95 1 1 095 | 15 | 105| 08 | 15 | 105 | 08
AC-2 2.5 1 065 | 25 1 0.65 4 105| 065 | 4 1.05 | 0.65

| <17A 6 1 0.65 1 017 | 065 | 10 | 1.05| 045 | 8 1.05 | 0.45

AC-3 |17<| <100 | 6 1 0.35 1 017 | 035| 10 | 105|045 | 8 1.05 | 0.45
| >100A 6 1 0.35 1 017 | 035| 10 | 1.05| 035 | 8 1.05 | 0.35

| <17A 6 1 0.65 6 1 065 | 12 | 1.05| 045 | 10 | 1.05 | 0.45

AC-4 |17<| <100A | 6 1 0.35 6 1 035| 12 | 1.05| 045 | 10 | 1.05 | 0.45
| >100A 6 1 0.35 6 1 035| 12 | 1.05| 035 | 10 | 1.05 | 0.35

Magnetic contactors for D.C. circuit switching

DC-1 1 1 1 1 1 1 15 | 1.05 1 15 | 1.05 1
DC-3 25 1 2 2.5 1 2 4 1.05| 25 4 1.05 | 25
DC-5 2.5 1 75 | 25 1 7.5 4 105 15 4 1.05 15

Comtactor relays for A.C. circuit switching

AC-14 (S 72VA) - - - - - - 9 11 | 0.7 6 11 0.7

AC-15(>72VA) | 10 1 0.7 1 1 0.4 10 11 | 03 10 11 0.3
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2. Application

] 2.7 Making and Breaking Conditions

Contactor relays for D.C. circuit switching for application Categories

Standard operation

Occasional operation

Category Making Breaking Making Breaking
/1 Ju/u| T /1 | U/U T /1 | u/u| T /1 JU/U | T
DC-13 1 1 6P™ 1 1 6P 1.1 1.1 | 6P™ 1.1 1.1 | 6P™
DC-14 10 1.1 | 15ms| 10 1.1 | 15ms

Note 1) "6 x P " is the expected test result for expressing the most DC magnetic load upto the
maximum limit of P = 50 W(6 x P = 300ms). It is allowed that load which has more
than 50W combination energy is composed with the less load of parallel. As a result,
300ms value conforms the maximum limit regardless of combination power value.

Note 2) U(l): application voltage(current)
Ur: reset voltage
L/R: test circuit time constant
Uo(lo): rated operation voltage(current)

Ic: insertion and breaking current expressed DC and AC such
as r.m.s value of symmetric part.

T0.95: required time for reaching 95% of current with certain stopping condition.

| 2.8 Application Data for Category AC-1

It is expressed with limiti seconds.

Maximum operational current and power(open-mounted divice)

e Type 18AF 22AF 40AF 65AF
current and power 6a | 9a | 12a ] 18a | 9b | 12b | 18b | 22b| 32a | 40a | 50a | 65a
Maximum operating rate in 600
operating cycles / hour
Cable mm? 4] 4 10 4 10 0)16] 253
maximum
Oflfrrr%t,'ﬁ'rgl A 25 | 25 | 25 | 32| 25 | 25| 32| 40| 50 | 60 | 70 | 100
<40°C
maximum | 220/240V | 10 | 10 [ 10 | 13 | 10 | 10 | 13 | 17 | 21 [ 25 | 29 | 42
operational | 380/440V | 19 | 19 | 19 | 24 | 19 | 19 | 24 | 30 | 38 | 46 | 53 | 76
power 500/550V | 24 | 24 | 24 [ 30 | 24 | 24 | 30 | 38| 48 | 57 | 67 | 95
=55 690V 30 | 30 | 48 | 48 | 30 | 48 | 48 | 60 | 72 | 84 | 90 | 120
e Type 100AF 150AF | 225AF 400AF 800AF
current and power 75a | 85a | 100a | 130a | 150a| 185a | 225a | 265a | 330a | 400a | 500a | 630a | 800a
Maximum operating rate in 600 B
operating cycles / hour
Cable mm? 35| 50 70 95 |150| 240 |370/480 - | -
maxm_mm
Offrrr%tr'g?:' A 110| 135| 140 | 160 | 210 | 230 | 275 | 300 | 350 | 450 | 580 | 660 | 900
<40°C
maximum | 220/240V | 46 | 56 | 58 | 61 | 80 | 88 | 105| 114 133|171 221| 251 343
operational | 380/440V | 84 | 103|107] 105|138 | 151 | 181 197| 230 | 296 | 382 | 434 | 592
power 500/550V | 105 129 133] 139 182 | 199 | 238| 260 | 303| 390 | 502| 572 779
<55C 690V 131161 |167] 191 | 251 | 275 | 329 | 359 | 418 | 538 | 693| 7891076

LSIS Co., Ltd.
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B Operational
current
when
connected
in parallel

W Selection
guide for
electrical
durability

It can be applied with multiplying the values from the upper table and K value, when using
contactor with more than 2 pole connection in parallel.

+ 2pole in parallel K=1.6
+ 3pole in parallel K = 2.25
* 4pole in parallel K= 2.8

« Operational voltage : less than AC 440V
« Power factor : more than 0.95
« It follows when it is applied to resistance load such as heating resistance.

1.5le, 1.1Ee 15le, 1.1Ee le, Ee le, Ee
Cos @ 0.95 Cos @ 0.95 Cos @ 0.95 Cos @ 0.95

AC-1

Note) le: rated operational current, Ee: rated voltage, Cos@: Power factor

The entire load current of motor is applied at the horizontal axis, because current value(ic) of
horizontal axis is same as rated current value(le) of load in AC1 load.
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Switching number : millions of operating cycles

02

2 4 6 8 10 20 25 40 6070 80 100 135160 200 | 300 580 900
1

230 275
350 450

Breaking current(ic), A

Selected example) MC-65a should be selected when Ue=220V, le 50A and operational
surrounding temperature is less than 40°C, required life span is 2 million times.
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Selection and Application

2. Application

] 2.9 Application Data for Categories AC-3

LSIS Co., Ltd.

1. Maximum operational current and power (IEC, <55 °C)

operationa Type 18AF 22AF 40AF | 65AF
current and power 6a | 92 | 12a | 18a | 9b | 12b | 18b | 22b | 32a | 40a | 50a | 65a
Max operational current| <440V | A | 7 9 121 18| 9 12 | 18] 22| 32| 40 | 50 | 65
Rated operational |220/240V kW| 22 | 25 | 35 | 45| 25| 35| 45|55| 75| 11 | 15 | 185
power 380/440V |[kW| 3 4 55| 75 4 55175 11 15 1185| 22 | 30
(standard motor [500/550v kW| 3 | 4 | 75| 75| 4 | 75| 75| 15 | 185| 22 | 30 | 33
) 6OV kW 3 | 4 | 75|75 4 | 75|75 15 |185] 22 | 30 | 33
operational Type | 100AF 150AF | 205AF |  400AF 800AF
current and power 75a | 852 |100a|130a|150a | 185a | 225a| 265a| 330a/400a 5002/630a/800a
Max operational current| <440V | A [ 75 | 85 | 95 | 120 | 150 | 185 | 225 | 265 | 330 | 400 | 500 | 630 | 800
power 380/440V kW[ 37 | 45 | 55 | 60 | 75 | 90 | 132 | 147 | 160 | 200 | 265 | 330 | 400
(standard ”:ftor 500/550v | kW| 37 | 45| 55 | 60 | 75 | 110|132 147 | 160 | 225 | 265 330 400
O EEE) 690v |kW| 37 | 45 ] 55 | 55 | 75 | 110 | 140 160 | 200| 250 | 300 400 500
2. Maximum operational current and power (UL, CSA, <55 °C)
operationdl Type 18AF 22AF 40AF | 65AF | 100AF
current and power 6a | 9a | 12a|18a| 9b | 12b|18b | 22b| 32a|40a| 50a| 65a| 75a | 85a| 100a
Continuos Current(A) 25125125132 |25(25|32|40|50|60| 70100/ 110|135|160
Rated. 1HP 100~120V | 0.5/ 0.5|/075| 1 | 0.5(075| 1 212131351575/ 10
operational 220~240V (1515 2 | 3 |15 2 | 3 | 3| 5|75[10|15| 15| 15|20
?Sﬂ‘;vne(;ar g 200~208V| 2 | 2 | 3| 5] 2|35 |75/75/15/20]25|25/30]30
motor power | qp 220~240V| 3 | 3 | 5 [75] 3 | 575/ 101020 25]30( 3040 40
rated) 440~480V| 5 | 5 |75/10| 5 |75|/10|15|120|30|40|50|50|60| 75
50/60Hz 550~600V | 7.5 7.5/ 10 | 15 /7.5 10 1520 25,3050 60 60 75 75
operationd Type | 150AF 225AF 400AF 800AF
current and power 130a | 150a | 185a | 225a | 265a | 330a | 400a | 500a | 630a | 800a
Continuos Current(A) 160 | 210 | 230 | 275 | 300 | 350 | 450 | 580 | 660 | 900
Rated wp 00OV H0 [ 5 [ 15 [ 16 | - [ - - [ - - | -
operational 220~240V | 20 25 30 40 - - - - - -
?S‘;‘Q’neéar . 200~208V | 40 | 40 | 60 | 60 | 75 | 100 | 125 | 150 | 200 | 200
motor power | g | 220~240V| 40 | 50 | 60 | 75 | 100 | 125 | 150 | 200 | 250 | 300
rated) 440~480V | 75 100 | 125 150 | 200 | 250 | 300 | 400 | 500 | 600
50/60Hz 550~600V| 75 | 75 | 125 | 150 | 200 | 250 | 300 | 400 | 500 | 600
3. Max. operating rate in operating cycles / hour
Type name 18AF 22AF 40AF 65AF

Operating cycles 6a | 92 | 12a | 18a| 9b | 12b | 18b | 22b | 32a | 40a | 50a | 65a

1/h 1800|1800 1800| 1800 1800 | 1800 1800| 1800|1800 | 1800 | 1200 | 1200

e fee 100AF 150AF | 225AF 400AF 800AF

Operating cycles 75a | 85a | 100a| 130a| 150a | 185a | 225a | 265a| 330a | 400a| 500a| 630a| 800a

1/h 1200 | 12001 1200 | 1200 | 1200 1200 | 1200 1200 | 1200 | 1200 1200 | 1200 | 1200
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Selection and Application

2. Application

] 2.10 Application Data for Categories AC-2 or AC-4

LSIS Co., Ltd.

1. Maximum breaking current
« AC-2 : Wound-rotor type(slipring) motor- starting breaking current
« AC-4 : Squirrel-cage motor- starting breaking current

A4 Type name 18AF 22AF 40AF 65AF
g 6a | 9 | 12a| 18a| 9 | 12b| 18b| 22b | 32a | 40a | 50a | 65
Ue < 440V 36 | 54 | 72 | 108 | 54 | 72 | 108 | 132 | 192 | 240 | 300 | 390
440V <Ue <690V 26 | 40 | 50 | 70 | 40 | 50 | 70 | 80 | 105 | 150 | 170 | 210
AC-4 Type name 100AF 150AF 225AF 400AF 800AF
i 75a | 85a | 100a| 130a| 150a | 185a | 225a| 265a| 330a| 400a| 500a| 630  800a
Ue < 440V 450 | 510 | 570 | 780 | 900 | 1110 | 1350 | 1590 | 1980 | 2400 | 3000| 3600 | 4800
440V <Ue <690V 210 | 250 | 250 | 540 | 640 | 708 | 810 | 1020 | 1410 | 1830 | 2130 | 2760 | 2910
Note) le maximum breaking current= 6 X | motor(A)
2. Maximum operational current according to operation cycle and load factor
operational current Notel) 9 < 55 Note2)
Operiaé?dgfg%? and o’sz;mm 18AF 22AF 40AF 65AF
arent | Ba | 9a | 12a | 18a| 9b | 12b | 18b | 22b | 32a | 40a | 50a | 65a
150&15%~3008&10% | A | 20 | 30 | 40 | 45 | 30 | 40 | 45 | 50 | 80 | 110 | 140 | 150
150&20%~600&10% | A | 18 | 27 | 36 | 40 | 27 | 36 | 40 | 45 | 70 | 96 | 120 | 135
150&30%~1200&10%| A | 16 | 24 | 30 | 35 | 24 | 30 | 35 | 40 | 60 | 80 | 100 | 120
150&55% ~2400810%| A | 13 | 19 | 24 | 30 | 19 | 24 | 30 | 35 | 50 | 62 | 80 | 100
150885%~ 3600&10%| A | 10 | 6 | 21 | 25| 6 | 21 | 25 | 30 | 45 | B3 | 70 | 75
Operating cycle and JSZ?ATS”"; | 100AF 150AF 225AF 400AF 800AF
load factor et | 754 | 85a | 100a| 130a| 150a | 185a| 225a | 265a | 330a| 400a| 500a| 630a  800a
150&15%~3008&10% | A | 180 | 200 | 200 | 300 | 310 | 380 | 420 | 560 | 670 | 780 | 1100 | 1300 | 1600
150820%~600&10% | A | 165 | 170 | 170 | 260 | 280 | 350 | 400 | 500 | 600 | 700 | 950 | 1190 | 1400
1508&30%~1200&10% | A | 145 | 145 | 145 | 230 | 240 | 300 | 330 | 400 | 500 | 600 | 750 | 900 | 1100
150&55% ~ 2400&10%| A | 130 | 120 | 120 | 140 | 150 | 240 | 270 | 320 | 390 | 450 | 600 | 680 | 820
150&85% ~ 3600&10%| A | 110 | 100 | 100 | 130 | 145 | 170 | 190 | 230 | 290 | 350 | 500 | 630 | 710

Note 1) DC doesn't exceed maximum value of machine operation cycle.
Note 2) Operation rated value such as 80% of the real value is selected in cases where
temperature is higher than 55C.
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3. Plugging

There are various current type from maximum plugging breaking current to rated motor
current. The input current is suitable for rated input/ breaking capacity of magnetic
contactor. Magnetic contactor can be restrained when breaking happens normally at locked
rotor current or near it.

4. AC-4 power rated capacity

200/240V 5

380/400V kw 22 | 22| 4 4 | 22 551 75| 9 | 11 | 1
415V kw 22 | 22| 4 4 | 22 55|75 9 | 11| 1
440V 9

200/240V

380/400V kw M| 15| 15 ] 4 |5 | 75| 90 | 102 | 110 | 150 | 176 | 200 | 300
415V kw M| 5] 15| 4 |5 | 75|90 |102| 110 | 150 | 176 | 200 | 300
440V kw | 15| 15| 4 | 5 | 75| 90 | 102 | 110 | 150 | 176 | 200 | 300
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2. Application

] 2.10 Application Data for Categories AC-2 or AC-4

B Selection Operational voltage : less than 440V (category AC-4)
guide for
electrical
durability . 90
. . ot
Drl\{lng 3 phase o K8 . é}m %g%m .
squirrel-cage oy IS IS SSB8EE K (55 S
type motor(AC4) P A R SN A Y A
(O] QLY OO L0 L0 O QO O
or Wound-rotor S 5555 SSSSASSANASS

EeE B AN

Breaking current

kw Rated power (kW)

[%]
<
o
&
restrained motor = AR\ \ \
condition) g \ \ %@ \\
Breaking current =3 \ \
in category AC4, «2 0.1 \\\ A \\\\ \\\\\§ %
Icis 6 times of 2 008 \\\ \\ \ \\ \ \\\
motor rated %’ 006 \\\\&\\\\\\\\
current, le.
lc=6Xle B om \| \‘\\\\\
E \\ \ \ \\\
2 N\l
£ o \
g N\
.§ W }
)
001 2 5 456 80 20 | 3240 [52 6580 100l 5000\3001 400 630800 (1o0n
9 N1 17 24 47 90 110 180220350
2 55 ¢ 8 R =& ysnesss 2 8
220/240V | | | [ | | | 11 | | I I | |
N 9982 - e s 9mesSeBR 8§88
380/440\/ | | | [ | | | 11 | | I I | |

<Example> Ic=6Xle=66A, when Motor capacity P=5.5Kw, Ue=400V, le=11A.

MC-22a should be selected when required life span is 200,000 times.
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] 2.11 Application Data for Categories DC-1 or DC-5

Magnetic contactor can be applied to higher current level compared to motor load, because
inrush current is small, power factor is large in case of resistance load switching of electric
furnace heater, heater. Metasol series magnetic contactor is manufactured according to the
standard[KS C IEC 60947-4-1], and it has the performance as following table.

There is an enough margin in closed circuit and breaking capacity, but there is a limit in
temperature increase, when magnetic contactor is applied to resistance load, therefore, the
rated value is upto rated flow current. Flow current can be increased by using parallel
connection of contact in single phase circuit. In this case, rated flow current | can be
theoretically calculated by following equation. User should evaluate on their own, when real
operational condition is different from the following condition.

=2 / N-1Xlo lo: 1 pole'srated current N: Number of polesin parallel

1. Resistance loads(category DC-1) : time constant L/R=1ms

Rated | Nfumtlaer Rated operational current (A)
operatlona oT poles
voltage |connected 18AF 22AF 40AF B5AF
Ue in series | 6a 9a | 12a | 18a | 9b | 12b | 18b | 22b | 32a | 40a | 50a | 65a
1 151515 ]3] 1515 ]30]30]30] 40 50 | 50
24V 2 18 |18 | 18 | 32 |18 | 18 | 32 | 32 | 32 | 55 | 70 | 70
3 20 | 20 | 20 | 32 | 20 | 20 | 32 | 32 | 32 | 55 | 70 | 70
1 1212121225 ]25]25]25]2]02s
48/75V 2 17 | 17 | 17 | 30 | 17 | 17 | 30 | 30 | 30 | 55 | 70 | 70
3 20 | 20 | 20 | 32 | 20 | 20 | 32 | 32 | 32 | 55 | 70 | 70
v | 1 |66 886|888 8 8 8]8
2 1212251212 ]25| 25| 25| 40 | 50 | 60
3 15 |15 | 15 | 27 | 15 | 15 | 27 | 27 | 27 | 45 | 60 | 65
1 4 | 4|5 |5 | 4|5 |5 |5 |5 | 5|55
220V 2 8 | 8| 8 |15 8| 8 | 15|15 |15 | 35 | 40 | 40
3 10 /10 | 10 | 22 | 10 | 10 | 22| 22 | 22| 40 | 50 | 50
Rated I Number Rated operational current (A)
operational| of poles
voltage | connected 100AF 150AF 225AF 400AF 800AF
Ue in series | 75a | 85a [100a| 130a | 150a | 185a | 225a | 265a | 330a | 400a | 500a | 630a | 800a
1 70 | 70 | 70 1200200 | 240 | 260 [ 300 | 360 | 430 | 580 | 850 | 1300
24V 2 100 | 100 | 100 | 200 | 200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 | 1300
3 100 | 100 | 100 | 200 | 200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 | 1300
1 25 | 25 | 25 [ 200|200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 | 1300
48/75V 2 100 | 100 | 100 | 200 | 200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 | 1300
3 100 | 100 | 100 | 200 | 200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 | 1300
- 1 8 | 8 | 8 [180|180 | 210 | 230|270 | 320 | 380 | 520 | 760 | 1180
2 80 | 80 | 80 | 180 | 180 | 210 | 230 | 270 | 320 | 380 | 520 | 760 | 1180
3 85 | 85 | 85 | 200|200 | 210 | 230 | 300 | 360 | 430 | 580 | 850 | 1300
1 |55 |5 (160160 - | - | -|-|-1]-1]-1]-
220V 2 45 | 45 | 45 | 160 | 160 | 190 | 200 | 250 | 260 | 350 | 450 | 700 | 1000
3 55 | 55 | 55 | 200 | 200 | 240 | 200 | 300 | 360 | 430 | 580 | 850 | 1300
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Selection and Application

2. Application

] 2.11 Application Data for Categories DC-1 or DC-5

power

/

Load

Number of pole in series : 1

Load

Number of pole in series : 2

Load

Number of pole in series : 3

Fig. 34. Type of series connection pole

2. DC electric motor loads(category DC-2~DC-5) : time constant L/R= 15ms

Rated Number Rated operational current (A)
operational| of poles
voltage |connected 18AF 22AF 40AF 65AF
Ue in series | 6a 9a | 12a | 18a | 9b | 12b | 18b | 22b | 32a | 40a | 50a | 65a
1 2l 12]n2[12]2]2]3]35
24V 2 15 |15 |15 | 15 |15 | 15 | 15 | 15 | 25 | 25 | 45 | 45
3 18 /18 | 18| 18 | 18 | 18 | 18 | 18 | 30 | 30 | 55 | 55
1 10101010 1010101015 15] 15| 15
48/75Vv 2 22 1212 12121212 ]12]2 | 20| 40 | 40
3 15 |15 |15 | 15 | 15 | 15 | 15 | 15 | 30 | 30 | 50 | 50
-~ 1 2 |21 2120l 2 2 120/20|25|25| 25|25
2 8 | 8| 8| 8|8 |8 | 8|8 15|15 ]2 |25
3 212|122 12|12 1212|122 ]2 ]2 | 3|35
1 0750751075 1 [075]075] 1 1 1 1 1 1
220V 2 15|15 |15 | 2 |15 |15 | 2 | 2 | 3 | 3| 5 | 5
3 6 | 6 | 6 | 6 | 6 | 6 | 6 | 6 | 10|10 | 25| 25
Rated Number Rated operational current (A)
operational| of poles
voltage |connected 100AF 150AF 225AF 400AF 800AF
Ue in series | 75a | 85a [100a| 130a | 150a | 185a | 225a | 265a | 330a | 400a | 500a | 630a |800a
1 40 | 40 | 40 | 200|200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 1300
24V 2 60 | 60 | 60 | 200 | 200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 |1300
3 80 | 80 | 80 | 200 | 200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 |1300
1 15 | 15 | 15 | 200|200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 1300
48/75V 2 50 | 50 | 50 | 200 | 200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 |1300
3 70 | 70 | 70 | 200 | 200 | 240 | 260 | 300 | 360 | 430 | 580 | 850 |1300
— 1 25|25 | 2511000[1000 - | - | - | - | -] -] -] -
2 40 | 40 | 40 | 140 | 140 | 160 | 180 | 250 | 300 | 350 | 500 | 700 |1000
3 60 | 60 | 60 | 200 | 200 | 240 | 240 | 250 | 310 | 350 | 550 | 850 |1000
1 1 1] 1100100 -] -] -1-1]-1]-1-1-
220V 2 7 0 7 | 7 120|120 | 140 | 160 | 220 | 280 | 310 | 480 | 680 | 900
3 35 | 35 | 35 | 140 | 140 | 160 | 160 | 250 | 300 | 350 | 500 | 700 | 1000

LSIS Co., Ltd.
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| 2.12 Circuit of Slip-ring Motors

connection

A magnetic contactor used for short-circuiting rotor resistors can be used with their normal
operation voltage. Condition of rotor magnetic contactor is different depending on connection
mode of main pole. Current value with circuit input, current and voltage value with breaking
circuit (generally besides low load factor) flow easily to the magnetic contactor.

=

Star Connection

Star

1500V

750V

N~ ]

>

Delta Connection

Delta

1250V

625V

=)

V Connection

InV

1250V

625V

a4 | &d |

AER)

W Connection

In W

1.6

1250V

750V

Intermediate | 6s | 36 | 60 | 60 | 90 | 60 | 60 | 90 | 90 | 130 | 210]250(300330] 360 380
(ovorating | 12530 | 50 | 50 | 60 | 50 | 50 | 60 | 60 | 125 160 200|250 | 275|300 320
cycles<30/h) | 20s | 21 | 35 | 35 | 45 | 35 | 35 | 45 | 45 | 90 | 100 110 /120|135 | 150 | 170
Rotor short-circuiting

conactorand | 15|25 |25 | 32| 25|25 32| 32|50 60|80 80 100 125|140
(operating cycles >30/h)

Intermediate | 6s | 390 | 450 | 550 | 670 | 800 | 900 | 1100 | 1500 | 2000 | 2500
(oporating | 125 | 250 | 280 | 400 | 480 | 560 | 600 | 730 | 1000 | 1500 | 2000
cycles<30/h) | 20s | 190 | 220 | 300 | 360 | 400 | 450 | 550 | 750 | 1200 | 1500
Rotor short-circuiting
contactor and 170 | 200 | 270 | 330 | 350 | 420 | 500 | 700 | 1000 | 1600

intermediate contactor
(operating cycles >30/h)
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Selection and Application

2. Application

| 2.13 Capacitor Load Application

LSIS Co., Ltd.

High peak should be considered when harmonic wave current is generated during continuous
duty. For this application, IEC publication 947-4-1 regulates the application category AC-6b.
Allowed operation current or power about magnetic contactor is determined by our electrical
test. IEC publication 947-4-1 provides calculation formula with determining operation current
(Table VIl b). Applying magnetic contactor to condenser load is mainly for condenser
switching of phase advance. Using phase advancing condenser generates damages to
voltage, current wave, noise increase of motor, transformer is caused by this damage,
therefore, voltage and current damages by the 5th harmonic wave are restrained with
generally inserting 6% series reactor of condenser reactance. This reactor has an effect of not
only improving wave form, but restraining rush current when input, therefore it is
recommended to use with every condenser circuit. It is necessary to check the phenomena in
case of condenser switching by magnetic contactor. Condenser capacity required to improve
load power factor from cos@1to cos©2 is calculated as following.

E: Voltage
l1: Current before phase advance
l2: Current after phase advance
Ic: Current for phase advance
I=: Effective load current
cos O1: Power factor before
phase advance
cos O2: Power factor after
phase advance
Q: Required capacitor power

\J
m

Fig. 35. Capacitor capacity and variation chart of power factor

1 A

-1- -
€0S261 C0s%62

Q= Elc= Elr(tano:-tano2) = Elr( J 1)

Application example) Required capacitor power Q(kvar) to improve load factor cos®@1 = 0.7,
capacity Elr= 100Kw to cos®2 =0.95, is as follows.

_ 1 1 _
Q =100 (J Ok -1-J s L) = 100X0.69= 69 (kvar)
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B Input of
capacitor

The following table shows the calculated equation of required capacitor capacity (168P).

( )
Load power factor after advance
Multiplier & —
Initial load power factor .
05 i
15 11
0.55 14 i
: .
0.6 11 _
065 08 eememT = 0.95
07 Fmmmmmmm" 05 ]
0 :
0.75 og —09
08 o] -
0 _—
085 ] 0.85
09 Jos
0.95 .
—0.75
Joz
. J

Fig. 36. Capacitor power calculating power

Application example) To advance load power factor from 0.7, power 100kW to power factor
0.95, then setting solution multiplier §=0.69 is required as following figure, Required
capacitor capacity

Q =100x0.69 = 69kvar

Rush current is determined by circuit impedance when there is no series reactor in the
capacitor, generally with a few times to tens of times of original rush current, it becomes
extreme to the magnetic contactor.

( ) | 1 |
= (T *1
mex ( a)\/ Lo+ Ls * ) m
R Lo
_ Em . Enm
| e :
2 2 2 1 2| 2 1
Em sin(ut - @ \/R""O Lot+Ls)*+ Nootlst
(ot- ) Lsg ( ) 0w?C 0’C?
| max : Rush current R : circuit resistance Ls : series reactor
Im : Normal current Lo : Circuit impedance C :condenser
. J
Fig. 37. Capacitor closing
equivallent

Maximum value of rush current becomes 5 times of normal current, when Lo<Ls,
w?Lsc = 0.06 with series reactor.
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Selection and Application

2. Application

| 2.13 Capacitor Load Application

B Capacitor
breaking

LSIS Co., Ltd.

Voltage between contacts of magnetic contactor is low, so it becomes extinct easily, because
of residual electric charge of condenser when breaking. Re-striking is generated in case that
insulation recovery isn’ t connected between contacts from abruptly emerging recovery
voltage. According to figure 38, electric charge remains with wave height value of voltage at
condenser terminal during breaking, recovery voltage which happens between contacts is
given with difference of condenser residual voltage and power voltage, voltage between
contacts of breaking moment is small, it passes through 0.5 cycle and indicates approximately
2 times of power voltage right after breaking. Re-striking will occur, if the insulation recovery
characteristic between contacts is lower than this.

Ec cos ot

™~

Recovery voltage er

\J
Residual voltage

Fig. 38. Recovery voltage wave form between poles of switch

In case of re-striking, the over-voltage of the condenser increases up to approximately three
times that of normal voltage, and the re-striking current reaches more than several ten times
that of the normal current. It then has a bad influence on the system. If there is a series
reactor (6%) and re-striking maximum current is restrained, it becomes less than 9 times of
normal current. With application for phase advance condenser because of this, it' s necessary
to make sure that maximum value of rush current is less than the AC3 class closed circuiting
current capacity of magnetic contactor by inserting series reactor. Rush current increases
when inserted series reactor is reduced, therefore it' s necessary to apply the magnetic
contactor with a large rated current. The magnetic contactor is applied, when series reactor is
small with the standard of 6% series reactor. Figu 38 shows relation of magnetic rated current
increase rate.

6 —
5 —
Series reactor
(%) 4=
3 —
o
=
| | | | | |

1 12 14 1.6 1.8 20
Rated current of magnetic contactor(indicated as magnification with the standard of series reactor 6%)

Fig. 39. Characteristic curve of series reactor and contactor rated current

Application example : Category AC3 rated current 100A frame is selected, when series
reactor 6%, and 125A frame is selected upper frame of 100x1.2= 120A,
when series reactor is reduced 4%.
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B Switching
capacitor
banks
switching

B Selection

B Maximum
operational
power of
contactors

The following things should be considered, when using a magnetic contactor with a switching
condenser to improve the power factor.

1) Enduring inrush current determines impedance of circuit during circuit closing.

2) Rated flow current is more than 1.3 x 1.1 times condenser’ s rated current
(according to KSC4801 low voltage phase advance condenser)

3) No re-striking, exploding when breaking

When Metasol type magnetic contactor is applied to condenser load, operational capacity
table of magnetic contactor is as following. It is necessary to carefully select the gauge of
wire, because the wire won’ t be able to be connected to contactor’ s terminal if its too large.

Maximum operating rate : 120 operating cycles / hour
Electrical durability : 100,000 operating cycles
Use with connecting damping resistor when required.

2.2 3 3 2.2 3 3 300 MC-6a
25 4 4 2.5 4 4 500 MC-9a(b)
3.5 55 7.5 3.5 5.5 7.5 560 MC-12a(b)
45 7.5 7.5 45 7.5 7.5 850 MC-18a(b)
55 11 15 55 11 15 1600 MC-22b
7.5 15 18.5 7.5 15 18.5 1800 MC-32a
11 185 22 11 18.5 22 2000 MC-40a
15 22 30 15 22 30 2100 MC-50a
18.5 30 33 18.5 30 33 3000 MC-65a
22 37 37 22 37 37 3050 MC-75a
25 45 45 25 45 45 3050 MC-85a
25 45 50 25 45 50 3050 MC-100a

Note) Upper limit of temperature category conforming to IEC 60070
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Selection and Application

2. Application

| 2.13 Capacitor Load Application

B Capacitor Because there is a very large (about 20 times the rating) rush current during condenser bank
switching switching, the normal magnetic contactor will not last for its durability so apply a condenser
unit unit by selecting proper operational magnetic contactor.

« Characteristic of condenser unit(pre-loading resistor attaching type unit)
1) It consists of damping resistor which limits input current up to maximum 60In(60 times of
rated current) and wire closed circuit.
2) No heating loss by series resistance
3) Removing switching surge
4) Improving life span of capacitor system

This product is suitable for switching single-step or multi-step condenser bank.
» Related standard : IEC 60947-4-1, UL, CSA
« Product composition: magnetic contactor and condenser unit
(Pre-loading resistance) are combined.
« Contact point composition : main contact 3 pole (3a), no standard sub-contact point
« Control power (coil) : AC50, 60 Hz or DC
« Installation : for both 35mm DIN rail and screw

L égg);i;i?éiron S Application condenser power (kvar) et ccé)?]rgte):]nsee?
power 220~240V | 400~440V | 600~690V | current(A) unit
table MC-6a(D) 5 9 14 12 AC-9

MC-9a,b(D) 5 10 14 14 AC-9
MC-12a,b(D) 7 13 18 18 AC-9
MC-18a,b(D) 9 17 24 24 AC-9
MC-22b(D) 9 17 26 22 AC-9
MC-32a(D) 15 25 36 36 AC-9
MC-40a(D) 20 33 48 48 AC-9
MC-50a(D) 20 40 58 58 AC-50
MC-65a(D) 25 46 66 66 AC-50
MC-75a(D) 30 54 78 78 AC-50
MC-85a(D) 35 60 92 92 AC-50
MC-100a(D) 37 62 94 94 AC-50

Note) kVar rating from table can be applied to connecting wire Y of condenser.
Condenser should be discharged before recharging it after circuit closing the switch.

- maximum residual voltage of terminal < 50V gG type fuse which is 1.5~1.8 times
of rating should be used for protecting short circuit.
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T4 : ~_!
transfz?r\%/g; @ E s : <Z} Heating coil or motor

MCCB
Capa(ﬂtrﬁtr _E_,E{_éil/ \%:/ ;é:/ E Capacitor switching MC

Capacitor bank

Fig. 40. Capacitor load application circuit

] 2.14 Lighting Circuit Selection Guid

Current peaks which happen during activation of lighting circuits and power factors depend on
type, connection mode and compensation. For this application, IEC 947-4-1 regulates two
standard utilization ranges.

» AC-5a for switching discharging lamps.
» AC-5b for switching incandescence lamps

Higher current than normal current(after lighting) flows when driving, in case of lighting loads
of fluorescent lamps, mercury lamps, incandescent lamps.

» Fluorescent lamp: Approximately 10 times
« Mercury lamp: Approximately 2 times
« Incandescent lamp: Approximately 10 times

For making current closed in circuit when starting, and enduring until lighting time and with a
certain amount of electrical durability, selection of contactor is determined as follows.

[total normal current of lighting load < AC3 class rated operational current of magnetic
contactor] It is regulated with AC5a(switching control device such as discharging)
AC5Db(switching incandescent lamp) class for lighting load, but it can be replaced with rated
performance of the AC3 class. Moreover, operation condition of lighting circuit has following
characteristics.

» Continuous duty : Switching device can be input for several days or months.

« Index of dispersion for 1 : Every lighting device in same group becomes switch on or off
simultaneously.

« Operation current for lighting is lower than given value about AC-1 duty, because of
relatively higher temperature around the device by case, fuse, control panel location
without ventilation.
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Selection and Application

2. Application

] 2.14 Lighting Circuit Selection Guid

1. Protection

Continuous current connected to lighting circuit is constant. Actually,
« Lighting circuit number of existing circuit doesn't really change.
« This circuit type generates long-term overload.

Therefore, this circuit only requires short circuit protection, it can be provided with following.
« gG type fuse
« a miniature or modular circuit-breakers

But, it is possible and sometimes economical to protect circuit with an aM Type related with
thermal overload relay (smaller cable size).

2. Distribution system
Single phase 220/ 240V

Previous tables (page 175 to 184) are based on single phase 220/240V circuits, therefore
they can be directly applied in this case.

3. Three phase circuit 380/415V with neutral conductor

Total lamp number(N) is divided into 3 equivalent groups when simultaneous switching.
Each one is connected between one phase and neutral conductor. Magnetic contactor
can be selected from 220/240V single phase table about lamp number same as N/ 3

4. Three phase circuit 220/240V
Total lamp number(N) is divided into 3 equivalent groups when simultaneous switching.
Each one is connected between two phases, (L1-L2), (L2-L3), (L3-L1). Magnetic contactor
can be selected from 220/240V single phase table about lamp number same as N

5. Contactor selection table

Table page 175 to 184 about various lamp types provide maximum number of device capacity
P(watt) possible for switching to each size of magnetic contactor simultaneously.
They are based on following.

1) 220/240V single phase circuit
2) Surrounding temperature 55°C with considering operation condition
3) Electrical life span more than 10 years(operating for 200 days per year)

They consider followings.

1) Entire current(including ballast)
2) Transient phenomena, when input
3) Clanking ampere and Circulation of every harmonic wave that period can be expressed.

6. Lamp with compensation capacity C(uF) connected in AC

Transient current flows when switch-on AC connecting capacitor, to guarantee of this
transient current is compatible with closing characteristic, value of capacitor should
not exceed the following.

This value is independent with switched lamp number with contactor.
1) lu multiplies 1.2 about surrounding temperature 40°C

Type name of 18AF 22AF 40AF 65AF

contactors 6a | 92 | 12a | 18a | 9b | 12b | 18b | 22b | 25a | 32a | 40a | 50a | 65a

Max val. of compensating
condenser C(if) 14 118 | 18 | 25 | 18 | 18 | 25 | 96 | 60 | 96 | 120 | 120 | 240

Type name of 100AF 150AF 225AF 400AF 800AF

contactors 75a | 85a | 100a| 130a| 150a | 185a | 225a | 265a | 330a | 400a | 500a| 630a | 800a

Max val. of compensating
condenser C(if) 240 | 240 | 240 | 300 | 360 | 800 | 1200 | 1700 | 2500 {4000 | 6000 9000|9000
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B Incandesc- The filament of an incandescent lamp has an especially small resistance at room
ent lamp temperature, a current of 3~16 times the rated current flows theoretically at the moment
when voltage is applied, but transient
current is restrained up to 7~10 times by i H

circuit impedance or magnetic heating in
practical conditions. A characteristic
example is as follows at the moment from Current ,
when voltage is applied to when the *)

current is stable. The magnetic contactor , 0.18A
applied to an incandescent lamp needs to 1 \ 0.27A
be inserted while considering this transient 0 ‘ ‘ ‘ ‘ ‘ —
. 0 0.01 0.02 0.03 0.04 0.05 0.06 Time
current, the rated current of incandescent (s)

lamp should be selected within an AC3

class rated operational current. Fig. 41. Voltage applied instant’ s current

characteristic of 220V, 40W, 60W standard lamps

- IB: rated current value of each lamp at rated operation voltage

« C : device capacitance about each lamp, which is suitable for the value provided by usual
lamp manufacturer. This value is given about surrounding temperature 55° C
(lu multiplies 1.2 about 40° C)

1. Incandescent lamp, halogen lamp unit : EA
P(W) 60 75 100 150 200 300 500 750 1000 Type name
B(A) | 027 0.34 0.45 0.68 0.91 1.36 227 34 455 congctor
33 27 20 13 10 7 4 3 2 MC—6a
37 29 22 15 11 7 4 3 2 MC-9a,9b
43 35 26 17 13 9 5 3 3 MC—12a,12b
= 60 48 36 24 18 12 7 5 4 MC-18a, 18b
o 62 49 37 25 19 12 7 5 4 MC-22b
g' 87 69 52 35 % 17 10 7 5 MC-32a
3 17 93 70 47 35 23 14 9 7 MC-40a
= 167 133 100 67 50 33 20 13 10 MC-50a
% o7 | 3 | 130 &7 65 A3 2% 17 13 MC-65a
A 250 200 150 100 75 50 30 20 15 MC-75a
= | 283 227 170 13 85 57 34 23 17 MC-85a
3 317 253 190 127 95 63 38 25 19 MC-100a
8 417 333 250 167 125 83 50 33 25 MC-130a
3 467 373 280 187 140 93 56 37 28 MC—150a
%‘. 700 560 420 280 210 140 84 56 42 MC-185a
a 767 613 460 307 230 153 92 61 46 MC-225a
% 883 707 530 353 265 177 106 71 53 MC—265a
= | 1000 800 600 400 300 200 120 80 60 MC-330a
= | 1267 1013 760 507 380 253 152 101 76 MC—400a
1717 1373 1030 687 515 343 206 137 103 MC-500a
2333 1867 1400 933 700 467 280 187 140 MC—630a
3033 | 2427 1820 1213 910 607 364 243 182 MC-800a
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W Incandesc- | 2. Mixed lighting unit : EA
20 13 8 4 2 MC—6a
22 14 9 4 2 MC—9a,9b
26 16 10 5 3 MC—12a, 12b
= 36 23 14 7 4 MC—18a, 18b
g 37 23 15 7 4 MC-22b
3 52 33 21 10 5 MC-32a
3 70 44 28 14 7 MC—40a
2 100 63 40 20 10 MC-50a
3 130 81 52 %6 13 MC—65a
. 150 94 60 30 15 MC—75a
= 170 106 68 34 17 MC-85a
3 190 119 76 38 19 MC-100a
2 250 156 100 50 25 MC-130a
8 280 175 112 56 28 MC-150a
=1 420 263 168 84 42 MC-185a
a 460 288 184 9% 46 MC-225a
) 530 331 212 106 53 MC—265a
é 600 375 240 120 60 MC-330a
760 475 304 152 76 MC-400a
1030 644 42 206 103 MC-500a
1400 875 560 280 140 MC-630a
1820 1138 728 364 182 MC-800a
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B Fluorescent
lamp with
starter

The fluorescent lamp is used with a combination of a fluorescent lamp and ballast, and
categorized according to starti starter or rapid starter. Starter type is a ballast which lights
using manual switch operation or an automatic starter (groidely used in households. In
contrast, rapid starter type lights distinctly differ from starter type, being a type without
contact, widely used in buildings, plants, hospitals, schools. The clanking ampere of
fluorescent lamps is different d whether there is a ballast circuit and condenser for controlling
power factor or not, but it is recommended to selec contactor with less than AC3 class rated
operational current, because it flows approximately 10 times of lamp current.

« IB: rated current value of each lamp at rated operation voltage
« C: Device capacitance about each lamp, which is suitable for the value provided by usual
lamp manufacturer. This about surrounding temperature 55° C. ( lu multiplies 1.2 about 40° C)

1. Single fitting unit : EA
Type Not compensated With AC compensation (parallel connection)
PW)| 20 40 65 80 110 20 40 65 80 10 Type ?ame
IBA)| 039 | 045 0.70 0.80 1.20 0.17 0.26 0.42 0.52 0.72 con?actor
CwF)| - - - - = 5 5 7 7 16
24 21 13 12 8 56 36 22 18 - MC—6a
41 35 22 20 13 94 61 38 30 22 MC-9a, 9b
41 35 22 20 13 94 61 38 30 22 MC-12a, 12b
= 53 46 30 26 17 123 80 50 40 29 MC—-18a, 18b
2 53 46 30 26 17 123 80 50 40 29 MC—-22b
g' 89 77 50 43 29 205 | 134 83 67 48 MC-32a
3 112 97 62 55 36 258 169 104 84 61 MC-40a
= 143 124 80 70 46 329 215 133 107 7 MC-50a
3 143 124 80 70 46 329 215 133 107 77 MC—-65a
g 205 177 114 100 66 470 367 190 153 111 MC-75a
- 205 177 114 100 66 470 367 190 153 m MC-85a
% 205 177 114 100 66 470 367 190 153 111 MC-100a
; 328 283 182 160 106 752 491 304 245 178 MC-130a
g 410 354 228 200 132 940 614 380 306 222 MC-150a
= 492 426 274 240 160 1128 738 456 368 266 MC-185a
a 532 462 296 260 172 1224 800 490 400 288 MC-225a
) 614 532 342 300 200 1412 922 570 462 332 MC-265a
fg 696 604 388 340 226 1600 1046 648 522 378 MC-330a
~ 882 764 490 430 286 2024 1322 818 662 478 MC-400a
1190 1030 652 580 386 2728 1724 1104 892 644 MC-500a
1612 1398 698 786 524 3700 2418 1498 1210 874 MC-630a
2096 1817 907 1022 681 4810 3143 1947 1573 1136 MC-800a
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2. Application

| 2.14 Lighting Circuit Selection Guid

W Fluorescent
lamp with
starter
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2. Twin fitting

(M)d 01 Buipioooe dwej Jo Jaquinu WNWIXeN

unit : EA

2x21 2x11 2x7 2x5 2x4 2x36 | 2x20 | 2x12 | 2x10 2x7 MC-6a
2x36 | 2x18 | 2x10 2x8 2x6 2x60 | 2x32 | 2x20 | 2x16 | 2x12 MC-9a, 9b
2x36 | 2x18 | 2x10 2x8 2x6 | 2x60 | 2x32 | 2x20 | 2x16 | 2x12 MC-12a, 12b
2x46 | 2x24 | 2x14 | 2x12 2x8 | 2x80 | 2x42 | 2x26 | 2x20 | 2x16 MC-18a, 18b
2x46 | 2x24 | 2x14 | 2x12 2x8 2x80 | 2x42 | 2x26 | 2x20 | 2x16 MC-22b
2x78 | 2x42 | 2x26 | 2x20 | 2x14 | 2x134 | 2x72 | 2x44 | 2x36 | 2x26 MC-32a
2x100 | 2x52 | 2x32 | 2x26 | 2x15 | 2x168 | 2x90 | 2x56 | 2x44 | 2x32 MC-40a
2x126 | 2x68 | 2x40 | 2x34 | 2x24 | 2x214 | 2x116 | 2x70 | 2x58 | 2x42 MC-50a
2x126 | 2x68 | 2x40 | 2x34 | 2x24 | 2x214 | 2x116 | 2x70 | 2x58 | 2x42 MC—-65a
2x180 | 2x96 | 2x58 | 2x48 | 2x36 | 2x306 | 2x166 | 2x102 | 2x82 | 2x60 MC-75a
2x180 | 2x96 | 2x58 | 2x48 | 2x36 | 2x306 | 2x166 | 2x102 | 2x82 | 2x60 MC-85a
2x180 | 2x96 | 2x58 | 2x48 | 2x36 | 2x306 | 2x166 | 2x102 | 2x82 | 2x60 MC-100a
2x380 | 2x194 | 2x118 | 2x96 | 2x72 | 2x614 | 2x332 | 2x204 | 2x166 | 2x122 MC-130a
- - - - - - - - - - MC-150a
2x436 | 2x234 | 2x142 | 2x116 | 2x86 | 2x738 | 2x400 | 2x246 | 2x200 | 2x146 MC-185a
2x472 | 2x264 | 2x154 | 2x126 | 2x94 | 2x800 | 2x432 | 2x266 | 2x216 | 2x160 MC—225a
2x544 | 2x292 | 2x178 | 2x146 | 2x108 | 2x922 | 2x500 | 2x308 | 2x250 | 2x184 MC-265a
2x618 | 2x332 | 2x202 | 2x166 | 2x124 | 2x1046 | 2x566 | 2x348 | 2x282 | 2x208 MC-330a
2x782 | 2x420 | 2x256 | 2x210 | 2x156 | 2x1322 | 2x716 | 2x440 | 2x358 | 2x264 MC-400a
2x1054 | 2x566 | 2x346 | 2x282 | 2x210 | 2x1784 | 2x966 | 2x594 | 2x482 | 2x356 MC-500a
2x1430 | 2x766 | 2x468 | 2x384 | 2x286 | 2x2418 | 2x1370 | 2x806 | 2x654 | 2x484 MC—-630a
2x1859 | 2x995 | 2x608 | 2x499 | 2x371 | 2x3143 | 2x1781 | 2x1047 | 2x850 | 2x629 MC-800a
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W Fluorescent
lamp without
starter

« IB: Rated current value of each lamp at rated operation voltage

« IC: Device capacitance about each lamp, which is suitable for the value provided by usual

lamp manufacturer. This value is given about surrounding temperature 55° C.

(lu multiplies 1.2 about 40° C)

1. Single fitting

(M)d 01 Buipioooe dwej Jo Jaquinu WNWIXep

unit : EA

22 17 12 10 6 50 33 20 16 - MC-6a
37 29 20 16 1 84 556 34 28 20 MC-9a, 9b
37 29 20 16 1 84 556 34 28 20 MC-12a,12b
48 38 26 22 15 110 72 45 36 26 MC-18a,18b
48 38 26 22 15 110 72 45 36 26 MC-22b
97 63 43 36 25 184 101 76 61 44 MC-32a
12 97 62 55 36 258 169 104 84 61 MC-40a
130 101 70 58 40 294 193 121 98 70 MC-50a
130 101 70 58 40 204 193 121 98 70 MC-65a
186 145 100 84 57 421 275 173 140 101 MC-75a
186 145 100 84 57 421 275 173 140 101 MC-85a
186 145 100 84 57 421 275 173 140 101 MC-100a
372 290 200 168 14 842 550 340 280 202 MC-130a
410 320 221 186 120 929 609 383 309 223 MC-150a
446 348 240 202 130 1010 662 416 336 242 MC-185a
484 378 260 218 148 1094 716 452 364 262 MC-225a
558 438 300 252 170 1252 828 522 420 304 MC-265a
632 494 340 286 194 1462 936 590 476 344 MC-330a
800 524 430 362 246 1810 1186 748 604 434 MC-400a
1078 844 580 488 330 2442 | 1600 | 1008 814 586 MC-500a
1462 1144 786 662 448 3310 2168 | 1366 1104 796 MC-630a
1901 1487 | 1022 861 582 4303 | 2818 1776 1435 1035 MC-800a
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2. Application

| 2.14 Lighting Circuit Selection Guid

W Fluorescent | 2. Twin fitting unit : EA
lamp without
starter

2x19 | 2x10 2x6 2x5 2x36 | 2x34 | 2x18 2x11 2x9 2x6 MC-6a
2x32 | 2x16 | 2x10 2x8 2x6 2x56 | 2x30 | 2x18 | 2x14 | 2x10 MC-9a, 9b
2x32 | 2x16 | 2x10 2x8 2x6 2x56 | 2x30 | 2x18 | 2x14 | 2x10 MC-12a, 12b
=z 2x42 | 2x22 | 2x12 | 2x10 2x8 2x74 | 2x40 | 2x24 | 2x18 | 2x14 MC-18a, 18b
2 2x42 | 2x22 | 2x12 | 2x10 2x8 2x74 | 2x40 | 2x24 | 2x18 | 2x14 MC-22b
3 | 2x70 | 2x36 | 2x22 | 2x18 | 2x12 | 2x124 | 2x66 | 2x40 | 2x32 | 2x24 MC-32a
3 | 2x88 | 2x46 | 2x28 | 2x22 | 2x16 | 2x156 | 2x84 | 2x50 | 2x40 | 2x30 MC-40a
2 | 2x112 | 2x58 | 2x36 | 2x30 | 2x20 | 2x200 | 2x106 | 2x64 | 2x52 | 2x38 MC-50a
% 2x12 | 2x58 | 2x36 | 2x30 | 2x20 | 2x200 | 2x106 | 2x64 | 2x52 | 2x38 MC—-65a
s 2x160 | 2x84 | 2x52 | 2x42 | 2x30 | 2x234 | 2x152 | 2x92 | 2x74 | 2x54 MC-75a
;_;‘ 2x160 | 2x84 | 2x52 | 2x42 | 2x30 | 2x234 | 2x152 | 2x92 | 2x74 | 2x54 MC-85a
_g 2x160 | 2x84 | 2x52 | 2x42 | 2x30 | 2x234 | 2x152 | 2x92 | 2x74 | 2x54 MC-100a
2 2x320 | 2x170 | 2x104 | 2x86 | 2x60 | 2x570 | 2x306 | 2x186 | 2x150 | 2x110 MC-130a
8 | 2x353 | 2x187 | 2x115 | 2x93 | 2x68 | 2x631 | 2x338 | 2x204 | 2x165 | 2x121 MC-150a
S | 2x384 | 2x204 | 2x126 | 2x102 | 2x74 | 2x686 | 2x368 | 2x222 | 2x180 | 2x132 MC-185a
@ | 2x416 | 2x220 | 2x136 | 2x112 | 2x80 | 2x742 | 2x400 | 2x242 | 2x196 | 2x144 MC-225a
S | 2x480 | 2x254 | 2x156 | 2x128 | 2x92 | 2x856 | 2x462 | 2x278 | 2x226 | 2x166 MC-265a
'g 2xb44 | 2x288 | 2x178 | 2x146 | 2x104 | 2x970 | 2x522 | 2x316 | 2x256 | 2x188 MC-330a
= | 2x688 | 2x366 | 2x226 | 2x184 | 2x132 | 2x1228 | 2x662 | 2x400 | 2x324 | 2x238 MC-400a
2x928 | 2x494 | 2x304 | 2x248 | 2x178 | 2x1656 | 2x892 | 2x540 | 2x438 | 2x322 MC-500a
2x1258 | 2x668 | 2x414 | 2x338 | 2x242 | 2x2246 | 2x1210 | 2x730 | 2x592 | 2x436 MC-630a
2x1698 | 2x901 | 2x558 | 2x456 | 2x326 |2x3032 | 2x1633 | 2x985 | 2x799 | 2x588 MC-800a
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B Sodium
vapor
lamp

« IB: Rated current value of each lamp at rated operation voltage
» C: Device capacitance of each lamp, which is suitable for the value provided by the lamp
manufacturer. This value is given for surrounding temperature 55 ° C.
(lu multiplies 1.2 about 40 ° C)

1. Low pressure sodium vapor lamps

(M)d 01 Buipliodoe dwe| Jo JSqUINU WNWIXeN

unit : EA

6 5 3 2 2 2 2 - - - - - - - MC-6a
10 | 7 5 3 3 3 3 | 40| 30| - - - - - MC-9a, 9b
10 | 7 5 3 3 3 3 | 40| 30| - - - - - MC-12a, 12b
12 9 6 4 4 4 4 |50 | 37| 25| - - - - MC-18g, 18b
12 9 6 4 4 4 4 |50 | 37 | 25| - - - - MC-22b
21 1 16 | 10 8 8 7 7 | 8 | 65| 43|28 |26 |21 |2 MC-32a
27|20 | 13|10 |10 ] 10| 9 |1M0)| 8|5 |3 |38 |27 |2 MC-40a
3% | 26|17 | 13| 18| 12| 12 [ 140 |105| 70 | 46 | 42 | 36 | 32 MC-50a
3% | 26|17 | 13|18 12| 12 | 140 |105| 70 | 46 | 42 | 35 | 32 MC-65a
5 | 37 |25 | 19 | 18 | 18 | 17 | 200 | 150 | 100 | 66 | 60 | 50 | 46 MC-75a
5 | 37 |25 | 19 | 18 | 18 | 17 | 200 | 150 | 100 | 66 | 60 | 50 | 46 MC-85a
50 | 37 | 25 | 19 | 18 | 18 | 17 | 200 | 150 | 100 | 66 | 60 | 50 | 46 MC-100a
100 | 75 | 50 | 38 | 36 | 36 | 34 | 400 | 300 | 200 | 132 | 120 | 100 | 92 MC-130a
129 | 120 | 129 | 120 | 120 | 129 | 129 | 129 | 129 | 129 | 129 | 129 | 129 | 129 MC-150a
140 | 104 | 70 | 54 | 52 | 50 | 48 | 560 | 420 | 280 | 186 | 168 | 140 | 128 MC-185a
152 | 114 | 76 | 58 | 56 | 54 | 54 | 606 |4545| 302 | 202 | 182 | 152 | 140 MC-225a
1774 | 130 | 88 | 68 | 66 | 64 | 62 | 700 | 24 | 350 | 232 | 210 | 174 | 162 MC-265a
198 | 148 | 98 | 76 | 74 | 72 | 70 | 792 | 594 | 396 | 264 | 238 | 198 | 182 MC-330a
250 | 188 | 124 | 96 | 94 | 90 | 88 | 1002 | 752 | 502 | 334 | 300 | 250 | 208 MC-400a
338 | 2564 | 168 | 130 | 126 | 122 | 118 | 1362 | 1014 | 676 | 450 | 406 | 338 | 312 MC-500a
496 | 372 | 248 | 192 | 186 | 180 | 174 | 1982 | 1488 | 992 | 660 | 694 | 496 | 458 MC-630a
724 | 543 | 362 | 280 | 272 | 263 | 254 | 2894 | 2172 | 1448 | 964 | 1013 | 724 | 669 MC-800a
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B Sodium
vapor
lamp
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2. High pressure sodium vapor lamps

(M)d 01 Buipiodoe dwe| Jo Jaquinu wnwixep

unit : EA

4 2 1 - - - - - - - MC-6a
6 3 2 1 - - - - - - MC-9a, 9b
6 3 2 1 - - - - - - MC-12a,12b
7 4 3 1 1 17 - - - - MC-18a,18b
7 4 3 1 1 17 - - - - MC-22b
13 8 5 2 2 30 18 11 6 - MC-32a
17 10 6 3 2 39 23 15 8 6 MC-40a
22 13 8 4 3 50 30 19 10 7 MC-50a
22 13 8 4 3 50 30 19 10 7 MC-65a
31 18 12 6 4 7 42 27 15 10 MC-75a
31 18 12 6 4 7 42 27 15 10 MC-85a
31 18 12 6 4 7 42 27 15 10 MC-100a
62 36 24 12 8 142 84 54 30 20 MC-130a
81 48 31 17 13 184 110 70 39 28 MC-150a
88 52 34 18 14 200 120 76 42 30 MC-185a
96 56 36 20 16 216 130 82 46 32 MC-225a
10 66 42 24 18 250 150 9 54 38 MC-265a
124 74 48 26 20 282 170 108 60 42 MC-330a
158 94 60 34 24 358 214 136 76 54 MC-400a
214 126 80 46 32 482 290 184 104 74 MC-500a
312 186 118 68 48 708 424 270 152 108 MC-630a
452 270 17 99 70 1027 615 392 220 157 MC-800a
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B Mercury
lamp

« IB: Rated current value of each lamp at rated operation voltage
« C : Device capacitance of each lamp, which is suitable for the value provided by the lamp
manufacturer. This value is given for surrounding temperature 55°C.

(lu multiplies 1.2 about 40°C)

1. High pressure mercury vapour lamp

(M)d 01 Buipioooe dwej Jo Jaquinu WNWIXep

unit : EA

1419 6 3 1 - - - - - - - - - MC-6a
2 | 14 ]9 5 2 1 1 40 | 26 | 17| 9 - - - MC-9a, 9b
2 | 14 ]9 5 2 1 1 40 | 26 | 17| 9 - - - MC-12a,12b
27 | 18 | 12 6 3 2 1 50 | 33 | 22 | N 6 - - MC-18a,18b
27 | 18 | 12 6 3 2 1 5 | 33| 22 | 1 6 - - MC-22b
48 | 32 | 2 1 6 3 2 | 8 | 57|38 |2 |1 6 4 MC-32a
61 | 40 | 27 | 14 | 8 4 3 |10 | 73| 4 | 25 | 14| 8 6 MC-40a
77 | 51 | 34 | 17 | 10 6 4 | 140 | 93 | 62| 32 | 18 | 1 7 MC-50a
77 | 51 | 3 | 17 | 10 6 4 | 140 | 93 | 62 | 32 | 18 | 1 7 MC-65a
m | 74|49 | 26 | 14 | 8 6 | 200|133 | 8 | 46 | 26 | 15 | 10 MC-75a
m | 74|49 | 26 | 14 | 8 6 | 200|133 | 8 | 46 | 26 | 15 | 10 MC-85a
m | 74|49 | 26 | 14 | 8 6 | 200|133 | 8 | 46 | 26 | 15 | 10 MC-100a
222 | 146 {100 | 52 | 28 | 16 | 12 | 400 | 266 | 178 | 92 | 52 | 30 | 20 MC-130a
285 (190 | 1290 | 66 | 37 | 22 | 16 | 515 | 342 | 230 | 118 | 66 | 40 | 28 MC-150a
310 | 206 | 140 | 72 | 40 | 24 | 17 | 560 | 372 | 250 | 128 | 72 | 44 | 30 MC-185a
336 | 224 | 152 | 78 | 44 | 26 | 18 | 606 | 404 | 272 | 140 | 78 | 48 | 32 MC-225a
388 | 268 | 174 | 90 | 50 | 30 | 20 | 700 | 466 | 312 | 162 | 90 | 54 | 38 MC-265a
440 | 204 | 198 | 102 | 58 | 34 | 24 | 792 | 528 | 354 | 182 | 102 | 62 | 42 MC-330a
556 | 372 | 250 | 130 | 72 | 44 | 30 |1002 | 668 | 448 | 232 | 130 | 78 | 54 MC-400a
752 | 500 | 338 | 176 | 96 | 60 | 40 |1352| 902 | 606 | 312 | 176 | 106 | 74 MC-500a
102 | 734 | 496 | 258 | 144 | 88 | 60 | 1982|1322 | 888 | 458 | 258 | 156 | 108 MC-630a
1609 | 1072 | 724 | 377 | 210 | 128 | 88 | 28941930 | 1296 | 669 | 377 | 228 | 158 MC-800a
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2. Metal lodine vapour lamp

(M)d 01 Buipioooe dwej Jo Jaquinu WNWIXeN

unit : EA

3 2 MC-6a
4 3 1 - - - - - MC-9a, 9b
4 3 1 - - - - - MC-12a, 12b
6 4 1 - - - - - MC-18g, 18b
6 4 1 - - - - - MC-22b
10 7 2 1 18 13 4 - MC-32a
13 9 3 1 23 16 6 - MC-40a
16 11 4 2 30 21 7 - MC-50a
16 11 4 2 30 21 7 - MC-65a
24 16 6 3 42 30 1 5 MC-75a
24 16 6 3 42 30 1 5 MC-85a
24 16 6 3 42 30 1 5 MC-100a
48 32 12 6 84 60 22 10 MC—130a
61 42 17 7 110 7 29 13 MC-150a
66 46 18 8 120 84 32 14 MC-185a
72 50 20 10 130 90 34 16 MC-225a
84 58 22 12 150 104 40 18 MC-265a
94 66 24 14 170 118 44 20 MC-330a
120 84 32 16 214 150 56 26 MC-400a
162 12 42 20 290 202 76 36 MC-500a
238 164 62 30 424 298 12 52 MC-630a
347 239 1 44 619 435 164 76 MC-800a

184



Metasol MS Technical Manual

] 2.15 Heating Circuit

W Character-
istics of
heating
elements

W Protection |

B Switching,
control,
protection

A thermal circuit is a power switching circuit providing more than one resistance element by
magnetic contactor. The same general regulations are applied to an electric motor circuit, but
a heating circuit requires only the provision of short-circuit protection, because it normally
excludes condition of overload current.

The following examples are based on resistance heating element used for industrial furnace
and heating building (infrared ray or resistance radiation type, magnetic contactor heater and
making loop thermal circuit etc.) Shift of resistance value causes current peak at switch-on
which doesn’ t exceed 2 to 3 times of operating current between hot and cold condition. This
initial peak doesn’ t happen again during normal operation of automatic temperature control in
switching. Rated capacity and current of heater are given about normal operating
temperature.

Stabilized current by the heating circuit is constant, when voltage is stabilized. Specifically,

« Load number at existing circuit is not altered well.
« This type of circuit can not generate overload.

Therefore, it is necessary to select among followings for providing short-circuit protection.

« G type fuse or
« Modular circuit breakers

However, it is always possible to protect circuit with aM type fuse related to thermal overload
relay, sometimes it is more economical.(smaller cable size)

Heating element group of given power or heating element is probably single phase or 3
phases, it can be provided at 220/127V or 400/230V power distribution system. Excluding
single phase 127V system (which is no longer commonly used), it is possible to arrange
following 3 circuits.

1 phase 2 pole switching 3 phase switching

Power Power

I
RN .
TV 2

A —I Al Load {—
— H—
I Load I I_Q_I
Load
Controlled circuit by 2 poles Controlled circuit by 3 poles
of contactor of contactor
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Selection and Application

2. Application

] 2.15 Heating Circuit

B Component
selection
according to
switching
power
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The following table has a standard with surrounding temperature 55°C. But, it is guaranteed to
switch overloads extending to 1.05 of rated voltage, when it' s applied with single phase.

1. Single phase 2 pole switching

Maximum power (kW) Application
Contactor
220/240V | 380/415V | 660/690V 1000V example
3 55 95 - MC—-6a
4 7 12 - MC—9a, 9b,12a,12b
5 9.0 15.5 - MC—18a, 18b, 22b
9 15.0 255 - MC-32a
11 19 33 40 MC-40a Single phase circuit
14 24.0 415 57.0 MC-50a, 65a providing total
20 35 61 69 MC-75a, 85a, 100a | heating load of
44 76 118 157 MC-130a, 150a 12.5kW about
48 83 130 170 MC-185a 220V, 60Hz.
52 90 145 185 MC—225a Selection : 3 pole
contactor MC-65a
80 104 160 210 MC-265a
75 130 200 250 MC-330a
86 145 230 300 MC—-400a
116 200 310 400 MC-500a
155 268 415 536 MC-630a
225 389 602 777 MC-800a
2. 3 phase switching
Maximum power (kW) Application
Contactor
220/240V 380/415V | 660/690V 1000V example
45 8 135 - MC—6a
6 11 21 - MC-9a, 9b,12a,12b
8 155 270 - MC—18a, 18b, 22b
15 26.0 44.0 - MC-32a
19 32 57 65 MC-40a
24 41.0 720 94.0 MC-50a, 65a Single phase circuit
34 59 105 113 MC-75a, 85a, 100a ﬁ;‘;‘g:'”g total
76 131 206 275 MC—130a, 150a - 0]? LW about
82 143 220 295 MC-185a 220V, 60Hz.
90 155 250 320 MC-225a Selection : 3 pole
103 179 275 370 MC—-265a contactor MC- 40a
130 225 345 432 MC-330a
149 256 395 525 MC-400a
200 346 530 710 MC-500a
268 464 710 951 MC-630a
389 672 1030 1380 MC-800a
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| 2.16 Switching the primaries of 3 phase LV/LV transformers

An extremely large amount of transient rush current flows when connecting transformer to
circuit. Twice as much magnetic flux of a normal state needs to flow in order to generate the
induced voltage required according to the closing phase of exciting current, rush current to
transformer becomes approximately 20~30 times of transformer’ s rated current for general
saturation state with large amount of exciting current in this case.

Peak by magnetization should be considered when flowing current; IEC 947-4-1 regulates
application range AC-6a for this application. AC-3 or AC-4 category test is applied for
allowable operating current and capacity about magnetic contactor, and it is determined by
calculating given formula from IEC 947-4-1(Table VII b).

W Operating Maximum ambient temperature : 55°C
condition initial current surge is generated normally which momentarily reaches peak value during
switch-on of transformer, it decreases rapidly as stabilized state value.

B Selection of | Peak magnetising current of transformer must be lower than given value from the table below.
contactors following table shows operating capacity about maximum switching frequency of 60 operating
cycles per hour.

Type name of 18AF 22AF 40AF 65AF

contactors 6a | 9a | 12a | 18a | 9b | 12b | 18b | 22b | 32a | 40a | 50a | 65a

_ 20/40v | 2 | 3 | 4|5 3| 4|5 61|/85|16 1618
Closing

maximum | 380/400V | 33 | 5 | 67 | 84| 5 | 67|84 102 15 | 27 | 27 | 3t

operational | 415/440v | 37 | 55 | 73 | 92 | 55 | 73 | 92 |12 | 17 | 32 | 32 | 36
power

[KVA] 500V | 42 | 62| 83 104 |62 | 83 104 |128| 20 | 36 | 36 | 40

600/690V | 57 | 86 | 115|144 | 86 | 115 | 144 | 176 | 265 | 48 | 48 | 53

Maximum permissible
closing peak current [A]

160 | 350 | 350 | 420 | 350 | 350 | 420 | 420 | 770 | 1250 | 1250 | 1400

Type name of 100AF 150AF 225AF 400AF 800AF
contactors 75a | 85a |100a|130a |150a | 185a | 225a|265a | 330a |400a|500a|630a |800a
_ 220/240V [ 181|193 | 24.1 | 313 | 313 | 40 | 458|507 | 645 | 74.8 | 99.8 | 114.7 |179.6
mc;;sn.% 380/400V | 30.1| 321|402 |522 | 522 |66.6 | 76.4 | 845| 112 [130.3]166.3|191.2 |288.2
operational | 415/440V |332 | 354|442 | 575|575 |733 | 84 | 929 123.2|149.4|182.9 210.3|323.1
power 500V | 377 | 402|502 | 653 | 653 |833 | 955 |105.6] 140 |169.7 |207.8|249.4(367.2

[KVA]
600/690V | 52 | 555 69.3|90.1|90.1| 115 |131.8|1425 1735|2008 2689|3209  411.1

Maximum permissible
closing peak current [A]

1400 | 1550 | 1650 {1800 |2000|2900 | 3300|3800/ 5000|6300 7700 {9000 12000

Note 1) Please select a magnetic contactor with the current less than 10 times of rated
operational current , when rush current of transformer exceeds 20 times of it. On the
contrary, when the rush current is less than 20 times smaller, you can use a contactor
with a slightly larger amount of capacity than the value from upper table.

Note 2) Electrical durability is 500,000 cycles.
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2. Application

] 2.17 Influence of Conductors Length Used in Contactor Control Unit

W Permissible
disconnection
length of
control circuit
conductor in
closing
contactor.

LSIS Co., Ltd.

Excess length of control circuit conductor under specific condition may interfere with
execution of magnetic contactor’ s closing and breaking.

« Impossible closing: due to excessive voltage decrease (AC, DC)
« Impossible breaking: due to excessive capacitance (AC)

First case: closing (Magnetic contactor with AC or DC control circuit)

Voltage drop is caused by rush current (inrush power) and resistance of control circuit
conductor. Table and graph below can be used for determining disconnection length (distance
between the control device and magnetic contactor coil) of line related with following.

« Closing coil consumption

« Supply voltage

« Sectional area of connecting line

This graph is about maximum line voltage decrease of 5%. Coil closing consumption power

AC coil control circuit DC coil control circuit

Type Applied contactor Clo;j;:,?;ég?gé?.ﬁ;ion Applied contactor Clos(i)r:’\?ec((égfggr_lgt)ion
18AF 6a, 9a, 12a, 18a 80 VA Ba, 9a, 12a, 18a 3W
22AF 9b, 12b, 18b, 22b 80 VA 9b, 12b, 18b, 22b 3W
40AF 32a, 40a 80 VA 32a, 40a 22 W
65AF 50a, 65a 120 VA 50a, 65a 22 W
100AF | 75a, 85a, 100a 220 VA 75a, 85a, 100a 51 W

It changes depending on service voltage, control circuit conductor’s sectional area, and
closing consumption power.

40000 25000 15000

2 10000
30000 - 20000 9009

5000
3000
2000

10000 5000
5000 3000
5000 4 3000 b
3000 2000

1000

s00 800
50 5901 200
300 200

L L Ll Lol
3 15 S — r - — T T — ; —
® @ ®) M 1 2 3 5 10 20 30 50 100 200 300 500 1000 2000 5000 10000
Allowable length
per wire unit volume

<Example : MC-9a magnetic contactor>

Coil voltage : 230V 50Hz, magnetic contactor coil closing power consumption
Control circuit conductors sectional area : Cu 1.5mm?

Maximum permissible length : 2000m

: T0VA,
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W Permissible
disconnection
length of
control circuit
conductor
in a breaking

contactor

Disconnection
control line length

o

Wiring diagram A
Retained push button and
2- core cable

(ex: capacity0.2uF /km)

Disconnection
control line length

1
-

F-

Wiring diagram B

Instant push button, holding
contact and 3-core cable
(ex: capacity 2 X0.2
=0.4yF /km)

<example>

MC-18a magnetic
contactor

Coil voltage Uc=500V,
50Hz, 8VA magnetic
contactor coil maintaining
consumption, control
type: 2-core cable with
capacity of 0.2mF /km
and diagram A through
kept push button
Maximum allowable
length: 60m

MC-50a magnetic
contactor

Coil voltage Uc=230V,
50Hz, 18VA magnetic
contactor coil maintaining
consumption, control
type: 3-core cable with
capacity of
2x0.2mF/km= 0.4 mF/km
and holding contact.
diagram B through kept
instant push button
Maximum allowable
length: 380m

Second case: breaking (conductor with AC control circuit)
AC operating magnetic contactor under specific condition doesn’t break, when control circuit

is inactivated. This is due to magnetic contactor’s coil control lay-out type and extremely long
control circuit line.( refers to diagram A, B)

This can be caused by following elements.
» High control voltage  « Low coil holding

« low stand-off voltage of magnetic contactor (according to IEC 947-4-1: 0.75xUc at 0.2)
Following preparation should be required, when demanding longer line.

« Select higher rated magnetic contactor

« Select lower control voltage

« Connect “p” impedance in parallel with magnetic contactor’ s coil.

2

. 10
- value of parallel resistance : Rp = < (C=uF)

Following table and graph can be used for determining single length of line(distance between
control device and magnetic contactor coil)

« Coil holding consumption VA « Service voltage
« Capacity(yF/km) (according to control lay-out)
« Power distribution diagram A, B shows examples of 2 services and coil control distribution.

Coil holding consumption power(average value)

Type Applied contactor Coil holding consumption power (50/60Hz)
18AF 6a, 9a, 12a, 18a 11 VA
22AF 9b, 12b, 18h, 22b 11 VA
40AF 32a, 40a 9 VA
65AF 50a, 65a 11 VA
100AF 75a, 85a, 100a 16 VA

It is different depending on capacity of control circuit magnetic contactor,
voltage and coil holding consumption power.

1700

2000 — 2500 — 3300 —

Allowable length per
condenser’ s capacity

2 - 3
1000 o - 2000 4 3000 3 4\
4 1000 o 5000 |
3 3 10004 2000 -
500 7 q 1000 3000
-4 500 3 E
300 4 4 500 4 4 0o 20004
w0 J BEOH =253 -=-=g-=---1 [ <N
07 ¥07 1 sw 1000
200 200 . =
wod E
100 200 300 3
ERR 500
3 4 100 200 -
50 E 7 100 300 4
4 50 3 E
20 4 1 %4 o] 100 200
30 - 1 3
20 20 4 B I 70 = S N R < S Ry S
20 . 50 o 100
2 4 2 ] 3 1
10 20 - 30 = T
1 0o 0 - !
E 3 10 20 _ !
5 ] ] 10 30 i
1 5 3 E
5 - 5 7 10— 20 1
3 4 ] 54 = Vbl [EEIET
2 - i g = V| [Tes7p 3579
17— 2 - 25— 33— 5— 10— 1 1
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2. Application

B 2.18 Selection of Transformer Power for Operation

LSIS Co., Ltd.

Operating transformer power for magnetic contactor is selected by following :

1. Transformer’s power = operating magnetic coil normal VA x (1.5~2.5)

2. In case of plural magnetic contactors with tranformers load

1) In the case of simultaneous closing power transformer
transformer power = sum of full load normal VA x (1.3~1.7)

2) In case of simultaneous closing 2/3rd of transformer load(VA)
transformer power = sum of full load normal VA x (1.2~1.5)

3) In case of simultaneous closing less than 1/2nd of transformer load(VA)

transformer power = sum of full load hormal VA x (1~1.3)

3. Voltage decrease by connecting cable of operating circuit must be considered in
case of selecting a transformer for operation.

4. Standard of transformer power is as following table, when connecting cable is

short between operating transformer and magnetic contactor.
(Less than 1m, more than 1.25mm? thick)

Metasol series MC

Frame Operating coil normal VA Operg;ggctizj?\jz;rmer
18AF 9.5 15~25
22AF 9.5 15~25
40AF 9 15~25
65AF 11 20~30
100AF 16 25~40
150AF 24 75~100
225AF 40 100~150
400AF 50 100~150
800AF 90 100~150
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Starting Method and Selection

1. Starting Method and Selection

J 1.1 Types of Starting Method Schemes

B When
reduced
voltage
startup is
required

HY-A
starting

W Auto trans
former
starting

B Reactor
starting

W First
resistor
starting

LSIS Co., Ltd.

Starting types of squirrel-cage induction motors can be classified like this according to
magnetic contactor.

Full voltage staring
(Direct-on-line) —>| Y- A starting |

Squirrel-cage
induction motor
starting method

\J

—— |Aut0transformer starting|

> Reduced
voltage staring —>| Reactor starting |

—>| 1st resistor starting |

Shock on the machine can cause problems during starting because squirrel-cage induction
motors start under a large electric current (about 5~8 times of the rated electric current) and
not having starting torque control during full voltage start up is economical. Reduced voltage
start up has removed this weakness, and there are 2 kinds which are reducing starting electric
currents and controlling starting torque, star delta start up & autotransformer start up are near
to the former and reactor start up and 1st resistor start up close to latter.

Star delta start up is the cheapest type among reduced voltage start ups, and it can be
applied to motors over 5.5W. But there are problems of starting with a load rising from fixed
but can not be adjusted starting currents and torques and great shock during switch from star
to delta because of open transition. Additionally there is a developed method called closed
transition which involves inserting a resistor during the switch from star to delta, this can be
replaced with an autotransformer start up by its merits of lowering generator’ s capacity in the
use of power from an emergency generator because of small rush current during transition.

Generally autotransformer start up is composed of 3 taps of 80-65-50% onto the
autotransformer as start up torque adjuster, there is little shock due to closed transition
because winding at the autotransformer performs the reactor’s role during transition.
However it is not suitable for a very small capacity motor due to it's high price.
Itisthebeststartingmethodforstarting from a small capacity generator.

Reactor start up is adopted for delayed start up through an adjusted start up torque because
starting current does not decrease (proportionally to the authorized voltage) compared with
torque reduction (proportionate to the double multiplication of authorized voltage). This start
up increases voltage applied to the motor with acceleration of rev up (reduction of starting
current) and naturally torque will go up, and as there is almost no shock during transition, it
will be the best start up in case load is big to be proportionate with rev up increase and load
which is not adequate with shock during transition due to late start up. This start up is often
used for thread winding in the spinning machine.

1st Resistor start up uses a resistor instead of reactor in the reactor start up, there is no

difference functionally from a reactor start up, but it is very difficult to create a big capacity due
to resistor’s restriction.
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Table 1. Start up types and characteristics of the squirrel cage induction motor

100 Mostly used as long as
100 Torque power capacity is available.
OCR . T ) g
Fullvoltage MCCB MG increase : big | | Economic choice
(linestarting)] —*— = Shock while P | (linestarting)
0 0 starting: big 220Vclass 2.2~7kW
S-1 Speed S-0 S-1 Speed S-0 380V 3.7~150kW
Is : 100% Ts : 100%
100, _ Torque The Load free or light load
Stardelta OCR - _rorque o eapest| operation more than Skw.
: MccB MCM MCS ~ increase : :
starting |— 28 N small choice at| For machine tool,
(Open 3 . .| reduced | pump etc.
[ransition) MeD N Ma;([.ﬁ:l]lue. voltage | 220V class 5.5~160kW
0 starting | 380V class 11~300kW
hi=ls X 113:33% Ti=Ts x 1/3:33%
_ Torque
Stardelta| vcos 008 MCM MCS 1 W00 -- - 7 N In(:;a;le * | Alittle bit| Some kind of start up with
. - 7 RS 100fF---~ \ .| higher | load more than 5kW such
starting S 1| | Max. torque: | " hvd inki
Close MCS 2 \ small than | as hydrant, sprinkler etc.
( - S| s | | Shock during | °Pe" 220Vclass5.5~90kW
transition) MCD 0 0 < CUMNG |4 nsition | 380Vclass11~110kW
hels x 13 : 33% transition to
Ti=Ts x 1/3:33% delta : small
o)
@
aQ
=
o
3 in-[:cr)éggﬁ . Load of two tier reduced
< small | Some. | oraue such as blower
2 | Reactor . and pump. Start up for
[} i Max. torque : | what o )
@ | Starting small high spinning machine
(¢} Smooth 220v 5.5~7.5kW
(%)) _ v V' ) -
5 L=ls x () D=Tox () acceleration 380v class 11~150kW
=4 Reactor Tap : 50- 60 - 70 - 80 - 90% £50-60-70 - 80 - 90% 25-36-49-64-81%
=)
«
100 - _ . i
MCCE MCR OCR S Torque increase : Ejpez:gof:;f
Auto | 64 N alittle bit small o prese oming
BT ves A1 ven 5 . Max. torque : a High | current. rack pump,
m \ little bit small h
. - 0 Smooth blower, centrifuge
starting v o, . acceleration 220v class 11~7.5kW
belsx () To=Ts x (—) 380v22~150kW
autotransformer Tap : 50 - 65 - 85% :64-42-25% 1 64-42-25%
Torque
OCR ; hi ;
1st MCCB MG ;\r;lcreise - big Some- Snr:g‘lelr@pg:lance
—x - . : .
reactor X 10TQUE | \yhat g” W)
startin big high an pump,
g [ R | Resistance Smooth blower
v ) i
li=ls X () To=Ts x (% acceleration
75~ 90% :56~81%

Note) V : voltage V1 : motorterminal voltage Is: line starting current Ts : linestartingtorque 11~14 :

against line starting T1~T4:starting torque against line starting
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1. Starting Method and Selection

| 1.2 Starting Method Selection

B Impact of
voltage
fluctuation
on
appliances

LSIS Co., Ltd.

Though start up of squirrel-cage induction motor is generally used for the no restriction on the
starting current and cheap full voltage start using electro magnetic switch, but it can have
problems of such as voltage lowering rapidly, damage to the other machine, and no operation
if you start with full voltage in case of small capacity on the power transformer or cable. You
need to choose how to start after reviewing following 4 things.

1. Impact on appliance due to voltage reduction at starting.
2. Checking motor torque against load torque

3. Checking time resistance quantity of the motor and starter
4. General review on the total installation cost

Ideal power distribution is supplying power all over in the system , when voltage at terminal
becomes too different from the rated value, then its function can vary as in table 2.

Table 2. Function change according to voltage change

Device Voltage 90% 110%
Characteristic

Circuit(%) -19 +21
Motor Current(%) +11 -7
Slip(%) +23 -17

Temperature rise("C[K]) +(6~7) -(3~4)
Magnetic current (%) -10 +10

Magnetic Temperature rise at magnetic coil(* C[K]) -(10~20) +(8~20)
Appliance Mechanical switching durability(%) +30 -50

Other Magnet chattering under 85%

Lighting Light flux(%) -30 +30
Appliance Endurance(%) +30 -50

Though 15% of voltage reduction is generally allowed at the terminal part in the appliance, the
power voltage has a limit as seen in the following table 3, by the internal wire regulation and
recommendation of electric power company.

Table 3. Permissible voltage fluctuation (recommended value)

Frequency L Permissible power fluctuation
of power Application - —
fluctuation Ordinary building Factory
Minimal Continuous operation pump etc. 6% 8%
Average General machine tools etc. 4% 6%
Frequent Elevator etc. 2% 4%
Very frequent Welding machine etc. - 3%
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W Check
motor
torque
against
the load
torque

If voltage frequency rate far exceeds that specified in table 3, after checking the approximate
rate using formula of voltage reduction rate(%), you need to control starting current through
starter voltage reduction or consider another circuit which is using transformer bank-belongs
to the load causing voltage reduction-temporary or constantly separately with certain bank of
control circuit and lighting load. You should consider voltage reduction by wire.

E(%)= %z x B = gzx 1

E : Rate of power reduction(%)

%7 : Impedance percent of transformer(generally 3~5%)
Pr : Capacity of transformer(kVA)

R« : Input at the motor starting(kVA)

V

I

. Voltage at terminal of the motor(V)
. Line starting current(A)

In case other loads are coupled on the same transformer:
Ri=Pu+ Pe+ Ps

If you start with reduced voltage because motor torque is proportionate to the double
multiplication of phase voltage, accelerated torque dwindles greatly as shown in table 1. So
load resistance torque is equal or almost equal to motor torque under full voltage speed as
shown in fig 42. You cannot accelerate more because the motor will lose speed at point S. If
this endures, you need to check for a burnout problem rising from rapidly overheated motor
because continuous operating current is 12 bigger than L1 runs for a long time. Especially you
need to be cautious of load torque before using it at star delta start up because load torque
decrease as low as 33% of full voltage start up. For your reference, there are descriptions of
requiring motor torque according to its operational, but it is ideal to pick up motor and starter
after acquiring torque curve of the object machine.

Full voltage current Current

Full votage torque

Torque

Reduced voltage current

Reduced voltage forque
I

Maximum

‘5 torque
|t

1
1
S S=0

Starting
torque Load torque |
s=I S

Speed

Fig. 42. Current characteristic curve of the motor torque
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1. Starting Method and Selection

| 1.2 Starting Method Selection

B Check
motor
torque
against
load
torque

B Check for
time limit
quantity of
motorand
starter

LSIS Co., Ltd.

Table 4. Required motor torque by application(for reference)

- Required motor torque(%) - Required motor torque(%)
Application Application - -

Starting torque | Maximum torque Starting torque | Maximum torque
Fan 30 150 Mill machine 100 175
Pump 40 150 Ball mixer (coal, rock) 140 175
Reciprocating pump(3cylinder) 150 150 Ball mixer (mineral) 150 175
Vacuum pump(Hytor type) 60 150 Grinder 50 150
Vacuum pump(reciprocating type) 40 150 AC generator 20 150
Centrifugal blower 30 150 DCgenerator 20 200
Centrifugal 30 150 Former 125 250
Crusher 100~150 250 Construction mixer 125 250

You need to check if time endurance of the motor and starter is sufficient because starting
time gets longer though accelerating torque is reducing in the reduced voltage starter. You
can get the starting time in the below formula. As Ta(average accelerating torque) is
decreasing by the reduced voltage start up in case of reduced voltage start up, the starting
time gets longer.

GD*T(N:- N:) GD*T(N:z- N:) 08 . (Nz- Ni)
t= = = X GD'T X ———2
35 X Ta 2+ Tn) 375 r
375><[(T ] (Ta+T)

t :starting time (sec)
GD’T : (moment of inertia at motor)+(load inertia moment of motor axis conversion)(kg - m2)
N: :initial revolution speed (rpm)
N: :last starting revolving speed (rpm)
T. :Average accelerating speed of motor (kg - m)
(Ts +Tm)
2
T. : startingtorque (kg - m)
T :finishing torque (kg - m)
T :load resistance torque (kg - m)

generalty Ta=-——%

For example, when accelerating torque reduced as 60% of the 100 % of the rated torque, if
we put starting time at the full voltage as T1, then starting time of reduced voltage start up will
be 1= = 17and it needs 1.7 times of time compared with full voltage start up.

Regarding the restrictions on the starting time at the reduced voltage starter, there are two
points of over current endurance during short time at the starting contactor and reactor of
autotransformer and malfunction on the TOR. On the over current endurance at the contactor,
you need to review star contactor at the star delta starter. When you choose frame size of the
contactor, please make it bottom line which can endure 20~30 seconds in respect of
economic and practical condition on the over current endurance of the star contactor. This
restricting time of star delta starter made from over current endurance of the contactor can be
applied onto the starting of the reactor and autotransformer start up.
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In case of reactor and autotransformer start up, it will be restricted under time rating by the
temperature rise at the reactor & autotransformer which are used. This temperature rise can
endure 3 times of approximate starting time sought from below formula by running 3 times of
rated current after connecting induced loads on the 65% tap.(But it will be 2 times of starting
time which is over 37kw as rated capacity)

t=4+ 2/P

t : starting time (sec)
P : rated power of motor(kW)

As reactor and autotransformer are generally designed for 60 seconds rating regardless
above condition & applied output, if starting time and accumulated continuous starting time
goes over 60 seconds or starting is made more than once within 2 hours in case that
temperature of reactor and autotransformer goes down to the room temperature in 2 hours
after finishing starting cycle, you can not use standard product and instead you should use
specially designed reactor and autotransformer having large time rating. In regards to
malfunction of the tor, if you use automatic only for each class, then you can prevent
malfunction for 6~20 seconds. Even though special design can be made for the ultimate long
starting time more than 20 seconds, you need to prepare for short circuit of TOR heater
during starting time or each TOR for the starting and operating. Additionally you need to
enlarge heating capacity at magnetic contactor and contact conductor in case starting current
is too long.

B 1.3 Squirrel-cage Induction Motor’s Inrush Current

Though starting current at the squirrel cage induction motor reaches 5~6 times compared with
normal rating current, it can be 6~12.5 times by the impact of magnetic saturation and input
phase. You need to note carefully malfunctions at over current relay and distribution circuit
breaker rising from big rush current like table5 due to remaining magnetism of motor which is
rising when power is instantly disconnected with motor such as re input at stoppage, input on
delta at the start delta start up (open transition), and antiphase damping.

Table 5. Rush current at the induction motor

Motor status Reclosing during
During start up revolution Antiphase damping
Item (instant stoppage)
Starting current(antiphase current) (5~6) Im (5~6) Im (5.5~7) Im™°t€?)
Magnetic saturation 1.2~13 12~13 12~13
Effect of remaining magnetism Almost no problem 1~2 1~2
Effect of closed phase(L/R circuit) 1~1.6 1~1.6 1~1.6
Inrush current Minimum (6~7.2) Im (6~7.2) Im (6.6~8.4) Im
(effective value) | payimum (10.4~12.5) Im\°eD|  (20.8-25) Im (22.9~29.1) Im
Real value measured by LSIS 11.91Im 19 Im 28.81Im
Note 1) Possibility is small even in the worst case. c

Note 2) S=2 and from the relation which becomes antiphase current | =

is slighty bigger than the starting current.

Note 3) Im=rated curent of motor

197

T

(neG)+ i)

Metasol MS Technical Manual



Starting Method and Selection

1. Starting Method and Selection

] 1.4 How to Choose Contactors Based on Starting Type

You need to check following things in choosing contactor for starter.

1. Closed circuitand breaking capacity

2. Applied electric current or over current capacity during a short time.
3. Endurance(switching durability)

4. Extra time without current flow during converting

5. Voltage drop

W Required You can get a numeric value from table 6 if you calculate the required current flow capacity and
functions of| closed isolation capacity of the magnetic contactor used for various start up at table 1.

contactor

used for Table 6. Required closed isolation & current flow capacity to the contactors
various used for various starting method. .
startin 3 Available contactor
methog capacity (motor kW ratio)
Tap ; i Selected | gojected
Starting method value I | esdi Thermal makmg_and thermal | Total
0 current current . breakmg
(%) current | time caaci current |category
(Ith) pacity (ith) AC3
(In case MC at capacity
category AC3)
Line starting MC - 6 1(6) 1 Continuous 1 1 1
Stardelta MCS - 2 0.8(2) 2 Shorttime |  0.33 0.33 0.33
starting open MCD - 1.4(3.5) | 0.58(3.5) 0.58 |Continuous 0.58 0.58 0.58
transition MCM - 2 0.58(3.5) 0.58 |Continuous 0.58 0.58 0.58
MCS1 - - 0.8(2) 2 Shorttime |  0.33 0.33 0.33
Stardelta MCS - 16 - 16 Veryshort 0.2 0.2 0.2
starting open ? time
transition MCM 2 0.58(3.5) 0.58 Continuous 0.58 0.58 0.58
MCD - 1.4(3.5) | 0.58(3.5) 0.58 Continuous 0.58 0.58 0.58
50 1.5 - 1.5 0.23 0.2~0.3
MCS 65 2.6 - 2.6 Short time 0.39 0.33~0.5 0.6
80 3.9 - 3.9 0.58 0.5~0.8
Autotrans- 50 - 0.6(1.5) 15 0.29 0.2~0.3
former MCN 65 - 0.55(1.4) 1.4 Short time 0.26 0.19~0.3 0.3
starting 80 ; 0.25(1) 0.96 0.13 0.13~0.2
50 | 2.4(6) 1(6) 1 1 1
MCR 65 2.4(6) 1(6) 1 Continuous 1 1 1
80 | 1.6(6) 1(6) 1 1 1
50 3 - 3 0.45 0.38~0.6
MCS 65 3.9 - 3.9 Short time 0.58 0.5~0.8 0.8
Reactor 80 4.8 - 4.8 0.72 0.6~0.9
starting 50 | 1-1.26) | 1(6) 1 1 1
MCR 65 | 1~1.2(6) 1(6) 1 Continuous 1 1 1
80 | 1~1.2(6) 1(6) 1 1 1

Note) Numeric value at the ( ) of closed circuit current, isolated current means maximum
value under abnormal conditions.
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Numeric values at the table 6 are based on the following assumptions:

a. Starting torque of motor is 300%.

b. Load for reduced voltage starting is to be 80% of maximum torque at the reduced voltage.
If this becomes more than rated torque, please use rated torque.

c. Torque is proportionate with double multiplication.

d. Line starting current at the motor should be 6 times of the current at full load. You need to
Note the breaking capacity of the closed circuit under abnormal conditions at () though
numeric value at table 6 is showing multiplication to the rated current of motor. As the
multiplication ratio in a normal situation is assumed to be converted after reducing current
and finishing a perfect start up especially transit from start
up to operation, transit current will move to the close value of abnormal value if you switch
before finishing start up perfectly. Regarding the switch from start up to operation, even
though KS C IEC60947-4-1 recommends to convert when it reaches over 80% of the rated
speed, electric endurance will diminish greatly if you switch under the situation when rev
count of motor hasn’ t accelerated enough and starting
current is not decreasing.

For reference, Fig. 43 & 44 show characteristic examples of current torque under reduced
voltage startup.

Current to the line starting

Current
Rated current

Current to the reduced voltage starting

Synchronized speed

Speed/ Rated speed

Fig. 43. Current characteristic of motor

Torque
Rated torque

Torque to the reduced voltage starting . Load torque

Synchronized speed

0.8 t
Speed/ Rated speed Optimal switching point

Fig. 44. Torque characteristic of motor
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1. Starting Method and Selection

] 1.5 Magnetic Contactors Selection by Various Starting Methods

H Selection
based on
current
flow
capacity
and over
current
endurance

W Electric
durability
of the
reduced
voltage
starter

W Extratime
without
current
flow during
converting

W \oltage
drop

LSIS Co., Ltd.

Table 7 shows the functions of a closed circuit as a class under the regulation of KS C IEC
60947-4- 1 “switching device and control device operating under low voltage”. As a general
magnetic contactor is on the assumption of the squirrel cage induction motor’ s line starting so
it has AC3 or AC4 level function. Though required level is AC3 level for the magnetic
contactor of the line starting, it has a capacity of closed circuits, 10 times and breaking, 8
times as stated on the table 6. But this is considering unbalance of starting current from
conditions other than voltage fluctuation and when you choose a magnetic contactor in the
point of closed circuit’ s breaking capacity against reduced voltage starting, it needs to have
same amount of extra capacity.

Table 7. Category of magnetic contactors

Category Making capacity %;%%‘éiirtlg Application
AC1 151le 151e Resistance load
AC2 41le 4le Stoppage of winding type motor
AC3 10 le 8le Squirrel-cage motor starting and stopping
AC4 12 le 10 1le Inching / plugging of squirrel cage motor

It is recommended to choose an magnetic contactor suitable for continuous operational based
on current flow capacity as shown in table 6. But if you select the contactor which is only used
during starting and has short current flow time as stated value on table 6, extra capacity is too
much and non economical so you should select the contactor with lower capacity. When
downsizing, please consider current flow time, current flow current, time of contactor
operational, and over current endurance. Total capacity against normal operational is shown
in table 6 as multiplication rate against motor output kW.

If you use the starter only several times per day, you only need to consider closed circuit
capacity and current flow capacity, and you can ignore switching durability. It is assumed that
within electric endurance during magnetic contactor's line starting, starter's electric endurance
inversely proportioned to multiplication of breaking current. But you need to be careful
because if it is converted during starting, the contactor's breaking current becomes the value
within table 6 () and can be damaged abnormally.

Among magnetic contactors which are used for reduced voltage starter, there are the ones
which cause short circuit fault from being closed concurrently. If electrical interlock is installed
at these contactors, the possibility of simultaneous closing becomes less. But if the time is too
short for operating magnetic contactor to be closed (extra time without current flow during
converting) after breaking with starting magnetic contactor, there is a possibility of short circuit
fault by arc. There are manipulations by relay or timer during converting not changing frame
size of magnetic contactor considering abnormal situation at the high voltage circuit.

Voltage drop can be great during starting because it is using a relatively small power capacity.
Especially in case of a star-delta starter with an open transition type, when it changes from
star to delta, the motor’ s circuit is closed before power is supplied when delta is input later,
and there will be a big rush current and as this will greatly reduce power voltage, so it is
recommendable to use magnetic contactor having excellent reduced voltage endurance.
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2. Star Delta Starting Method

B 2.1 Understanding star delta (Y-A)starting

Star-delta starting is representing type of reduced voltage by only executing connection
transfer of winding without installing special starting device. Each winding starts with 1/3 of
voltage between wires exerted, when closing MCs. It drives by opening MCs, closing MCA.
and winding with disconnection. Line current, starting torque are |A, TA when direct starting
with disconnection, and they are ly, Ty when Y disconnection, current ratio is as following

v (vv3)iz 1 ) )
~ChAvzZ -3 (z is equivalent impedance of motor per phase)
N .

Torque is also proportional to square of voltage, so torque ratio is as following.
T (VIY3p 1

Ta V2 3

It becomes 1/3 current and torque, because torque is proportional to square of voltage.
Therefore, this type is well applied to operational of light load starting.

ly A

B — —_—
A A \@‘
Z Z
V V
_ v 1
| |
Fig. 45. Y-A circuit diagram
Table 8. Comparison of line starting and Y- A starting
Line starting 6im 15T 6lm Em/V 3 Im Im Em/V 3
Y-A starting 2Im 05T 2Im Em/{3 Im Im/4'3 Em

Note 1) Im : full load current when A disconnecting electric motor
Em: line voltage
T :rated torque

Note 2) torque is estimated value.
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2. Star Delta Starting Method

] 2.2 Automatic Star Delta Start

It is possible to categorize automatic star delta starting type as 2 electro-magnetic contacting
or 3 electro-magnetic contacting according to the MC number compatibly used for open
transfer type and closing transfer type by contacting type when transferring.

m Open The star delta starting type typically consists of a 2 contact type or a 3 contact type as shown
circuit in figure 46 and 47. The 2 contact type has a simple circuit and it is economical, but because
transfer normal voltage is applied to electric winding even when the motor is stopped, it requires
type caution during maintenance, checking, and insulation deterioration between each phase

winding of the motor or winding ground in dusty or humid places. The 3 contact type doesn’ t
have this kind of problem, because the electric motor opens the circuit with power from the
magnetic contactor. However, it won’'t be a problem for using 2 contact type as well by
switching it off while the motor is stopped, because the tapped switch is mostly installed on
the power side of a starter such as a knife switch or breaker for distribution.

MC /\connection
mMccs  OLR U X = | )
R —x Lr a
i e O ==
T —x Lr i E‘/—_I
— MCA
—_— (Y connection)
OFF ON MCA MCs OLR

o TR
TR TR MCs —
/—<FJI‘/—"¥

MCA\| Attaching lag relay

Fig. 46. Y-A connection diagram of Y-A STARTER (2 contact type)

MCs (/Aconnection)
g MocB OLR MCw U X
Y H H
S —x L : V\\ll M ; i EA:I
T—x u 1 | ==
— MCA
— ('Y connection)

OFF
—t

MCA | Attaching lag relay

Fig. 47. Y-A connection diagram of Y-A STARTER(3 contact type)
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m Closing
transfer

type

H TOR
current
detection
method

A larger amount of rush current can be

. .y MC
generated accidentally by starter winding R, R O%R MCw Uu X =
residual voltage of motor and phase = S+oSith, ‘ I \)’V@; a
difference with power voltage when delta vees =T :

. N . Y Connection
connection than when line starting, 5]
because open transfer type opens ,,,\,,\MCA “%

i MC -
temporarily from power when transfer to —. T ==
star delta disconnection. : AConnection

+OLR

The value becomes 1.58 times of when OFF ON MCA  MCa MCs
line starting with assumption of the worst A et [mcs TRP,—, MCwm |
case, rush current becomes the worst

. . . MCm__ —_TRS
6x1.58 = 9.5 times(symmetrical AC) of RS ARA =
full load current, to the contrary, in the Y - TR;
case that line starting MCA o ARA |
current(symmetrical AC restoration) is MCs _ MCa _— ARA
6 times of full load current. Rush current hARA — MCA
becomes asymmetrical AC restoration cA]

superposed with DC restoration when

: Fig. 48. Connection diagram example of star delta
actual delta connection.

starter (closing transfer type)

Superposition ratio: Generally, « = 1.1~1.3 depending on circuit power factor in case of a
squirrel-cage type motor. Asymmetric current value becomes 9.5 x ¢= 10.5~12.4 times of full
load current in case of an electric motor with 6 times, starting current multiplying factor by this.
Therefore, this can cause trouble such as a mis-trip of the distribution breaker of an electronic
tripping type or transient voltage decrease to an abnormal power facility. The star delta starter
of closing transfer type which is shown in Fig. 48 adds starting resistor and magnetic
contactor for resistor to open circuit transfer type star delta starter and restrains transient rush
current by transferring motor at power without breaking with star delta disconnection.

By this type, Mis-trip of distribution breaker by rush current can be prevented, and it is
possible for miniaturization and cost down of emergency generating facility by determination
of generator’ s capacity from motor starting KVA.

The TOR has a different selection of heater rating by line current detecting type and phase
current detecting type star delta starter shown in figure 49 and 50. line current detecting type
is selecting heater rating with the standard of motor’ s full load current. Phase current
detecting type is selecting heater rating with the standard of 1/v3 current of motor’ s full load
current. A smaller TOR frame size is more possible than line current detecting type with this

type.

OCR
R—0Jto—

§—o0—o
T—ollo

Fig. 49. Line current detecting type Fig. 50. Phase current detecting type
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2. Star Delta Starting Method

| 2.3 Product Selection for Star Delta of Metasol MC

LSIS Co., Ltd.

Operating
voltage(V)

Contactor per
operational

Motor power (kW)

5575 11

15

18.5| 22

30 | 37

45 | 55

75 | 90

110 | 132

160

75(10 | 15

20

25 | 30

40 | 50

60 | 75

100 | 125

150 | 180

220

220~240V

For starting (MCs) A

22b | 22b | 32a

32a

40a [ 40a

50a | 65a

65a | 85a

100a|130a

150a|225a

225a

For driving (MCD) A

22b | 32a | 40a

50a

50a | 65a

85a [100a

130a|150a

185a|225a

330a|400a

400a

For power (MCm) A

22b | 32a|40a

50a

50a | 65a

85a |100a

130a(150a

185a|225a

330a|400a

400a

Thermal Overload Relay

MT-32

MT-63

MT-95

MT-150

MT-225

MT-400

MT-800

380~440V

For starting (MCs) A

22b | 22b | 22b

22b

22b | 32a

40a | 40a

40a | 50a

65a | 85a

100a(100a

130a

For driving (MCD) A

22b | 22b | 22b

32a

40a [ 40a

50a | 65a

65a | 85a

100a|130a

150a| 185a

225a

For power (MCm) A

22b|22b | 22b

32a

40a | 40a

50a | 65a

65a | 85a

100a|130a

150a| 185a

225a

Thermal Overload Relay

MT-32

MT-63

MT-95

MT-150

MT-225

MT-400

500~550V

For starting (MCs) A

9a,b|12a,b|12a,b|18a,b

22b | 22b

22b | 32a

40a | 50a

50a | 65a

85a|100a

130a

For driving (MCD) A

12a,b|12a,b| 22b

22b

32a | 40a

50a | 50a

65a | 85a

85a |130a

150a| 185a

185a

For power (MCm) A

12a,b|12a,b| 22b

22b

32a | 40a

50a [50a

65a | 85a

85a [130a

150a| 185a

185a

Thermal Overload Relay

MT-12,32

MT-32

MT-63

MT-95

MT-150

MT-225

MT-400

Note 1) Values from table can be changed according to motor’ s grade and manufacturing

company, it is a reference value, when using category AC3 standard squirrel
cage motor or category AC2 wire wound motor.

Note 2) Motor operating time has standard of less than 10sec.

Note 3) Please select with considering condenser’ s rush current to load applying

phase advance condenser.

Note 4) Rated output or full load characteristic have the standard of KS C4202
(general low voltage 3 phase induction motor) or KSC IEC60947.
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Motor Protection and Selection of Thermal Overload Relay

1. Motor Protection

J 1.1 Motor Protection General

The recent induction motor has been miniaturized with light-weight by improvement of
insulation technology,it has a tendency of thermal margin reduction in terms of characteristic
by supplying E class electric motor and using F class electric motor. Electric motor protection
relay also needs to be adjusted with this thermal characteristic because of this. By the way,
operational method of electric motor is widely applied to developed supply condition, variety
to many different parts such as intermittent driving and variable load driving. Therefore,
operational of proper protection relay is necessary for showing motor's performance and safe,
proper driving of machines, facility. There are various types for protection type relay according
to type operational of motor, but type of indirectly detecting motor's winding's temperature
increase by line current is generally used. flush automatic temperature control device type
which directly detects winding temperature is sometimes necessary, when this type is not
required. Moreover, plugging by phase- reversal of disconnection driving is necessary to use
jointly. Selecting proper protection relay by motor's protection condition is necessary, because
sometimes reversal prevention by protection phase-reversal of disconnection driving. Table 1
shows tendency of schematic protection characteristic by parts to be protected about MT-O0 O
/3K type TOR which reduce operating current when phase disconnection by adding MT type
TOR, general thermal protection relay protecting overload restraint and differential amplifying
device to this. It is necessary to select with preparing possible protection range and
considering possibility of accident, required reliability and cost's efficiency about the detail
application by wrriten statesment below.

Table 1. 3 Phase induction motor protection system and application protecting relay

| Protecting relay | MT Type Thermal overload relay | | agged Open phase

Protection system 2 Element | 3 Element type type
Generalsquirrel-cage motor © © O ©
Stand- 7 ind-rotor type motor o) o) o) 0

ard duty ound-rotor type moto
Over- Submersible type motor A A X A
load Interm- | Generalsquirrel-cage motor A A o} A
ittent Wound-rotor type motor A A A A
EOHATE Submersible type motor A A A A
Generalsquirrel-cage motor © © O ©
Wound-rotor type motor A A A A
Restraint Submersible type motor A A X A
Safety explosion-proof motor A A A A
A A A o o
3 phase unbalanced driving X X X X
Abnormal Short circuit A A A A
power :

S Burning by over-short voltage O o} O 0
system Leak X X X X
Grounding A A A A
Phase reversal X X X X

Note) ©:Completely protectable  O:Protectable except in special cases
A:Conditionally protectable X :Not protectable
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| 1.2 Operating Characteristic of Thermal Overload Relay

B Characteristic
of MT type
TOR

W Operating
characteristic

TOR of magnetic switch is widely used as especially protecting device of squirrel cage type
induction motor. The function is separating motor with overload and restrained condition from
circuit by protecting motor from burning caused by over-current. TOR is the most widely used for
motor protection, because valid protection characteristic can be acquired with similar operating

characteristic to current-time characteristic about allowance temperature of motor's winding
at low price, and generally safety for protection has relatively fast time limit characteristic.
Metasol type TOR's characteristic is as following.

1. using a contact is possible to b contact for opening magnetic contactor and different voltage
circuit for indicating operation by applying 1alb.
2. Every type of heater inserted phase when 2 element is standardized to 1/L1 phase 2/TI phase,

5/L3phase 6/T3 phase.

3. Scale indicates current value by applying RC scale(indicated by according to full load of motor).

4. Itis possible to control within approximately +20% range of heater title rating by controlling
the front dial with plus or minus driver.

5. Manual trip is possible at front, Checking distribution is easy.

6. Heat has 2 element as a standard, but 3 element(possible for protection of phase disconnection)
about every type of product can be possibly manufactured.

7. Compensating surrounding temperature

8. Manual, automatic reset transfer is possible

9. Every type has 3 pole structure, easy for distribution
10.TOR(Overload) for protection of phase disconnection can be manufactured(MT-0O O/3KO)

Metasol series MT thermal overload relay's characteristic follows KS C, IEC standard.

Table 2. Operation at balance circuit (standard value)

Standard | Condition Limit operation Op(;avrgﬂggdvgr&en Op:eéggginn\gg “ Surrounding
A(Cold Start) |B(A continuous)| C(Cold Start) | D(Cold Start) | o
Rl 1.05 12 15 7.2
KSC (10A) Less than 2 min. | (L0A) 2<TP<10sec
IEC 60947 operating | Not operating ||, .. . (10) Less than 4 min. | (10)4<TP<10sec | 20°C
—4=1 i (2hours ) Within 2 hours :
(20) Less than 8 min. | (20) 6<TP<20sec
(30) Less than 12 min.| (30) 9<TP<30sec

Note 1) Tp indicates operating time when restrained.
Note 2) Itis a Trip Class inside the brackets.

Table 3. Operation(standard) in an unbalanced circuit(phase disconnection)

With open phase protection function | Without openphase protection function
o 3 element(MT—0O3K 3 element(MT—0O3K i
Standard | Condition ( ) ( ) f:gg:;;%’;g
Notoperating Operating Notoperating Operating
A(ColdStart) |B(Acontinuous)| A(ColdStart) |B(Acontinuous)
Setting 2pole 1.0 2pole 1.15 2pole 1.32
KSC cutrent 1pole 0.9 1pole 0 3pole 1.0 1pole 0
IEC 60947 |_Multiplier pole 0. p p 20
—-4=1 Operating- | Not operating |, ,,.: . L
i (2hours ) Within 2 hours | Not operating | Within 2 hours
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Motor Protection and Selection of Thermal Overload Relay

1. Motor Protection

| 1.3 Protection of Motors Overload and Restrained State.

LSIS Co., Ltd.

Electric motor drives within determined rating range, it has any difficulty with practical operational,
because it is used in less than winding insulator's rating temperature increase. But, it is heated with
larger amount of current flowing than rated current, when it is restrained or with overload. It finally
causes burning by accelerating insulator's deterioration by this. Therefore, it is fundamental to
break motor from circuit before winding insulator reaches dangerous temperature. The allowable
time that winding insulator reaches dangerous temperature about over current in protection by
detecting current, it regulates operating characteristic of protecting device. This current-time
characteristic is called thermal characteristic, and winding temperature from surrounding state is
defined with cold start characteristic, and it from rated temperature increase is defined with hot start
characteristic. current detecting type protection device should have this characteristic.

However, TOR, the most representing current detecting type protection device regulates operating
characteristic standard with standard motor, because thermal characteristic of motor is different
depending on protection structure per type, pole number of insulator. Standard TOR satisfies this
characteristic of standard and simultaneously considers thermal characteristic of general standard
motor, therefore it is possible for standard motor's overload restrained protection which drives with
load continuously.

Electric motor's state which TOR mainly protects are overload and rotor restrained state at normal
circuit composition. This state can protect by matching the setting current of TOR with motor's full
load current. Fig. 51. shows the relation between current-time characteristic(thermal characteristic)
about winding temperature increase and MT type TOR'S operating characteristic.

\
\\ EE class motor's thermal characteristic
500 7 (220V4P2.2kW)
\ (surrounding temperature 40°C Cold Start)
300 \ \ \ / i i ‘
\
200 v .
\ F class motor's thermal characteristic
\ (440V2P5.5kW)
100 \ (surrounding temperature 40°C ColdStart)
A} B
\
50 .
Time (S) \
N
30
~
20 ~N|
~
~ \
\f ~ o \
10 1 T
/ \\
o MT-32 type TOR operating characteristic
(maximum value)
Heater title current 9A
2 (surrounding temperature 40°Ccold start)
1 L]

1 2 3 4 5 6 7 8 9 10

Multiplier of setting current (multiplier of motor's full load current)

Fig. 51. Electric motor's thermal characteristic and operating characteristic of MT thermal overload relay
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| 1.4 Three Phase Motor’s Disconnection Accident Protection

Phase disconnection accidents happen when 1 phase fuses in a 3 phase circuit. Starting with
phase disconnection can protect the motor from burning by operating the TOR with a single phase
restraining current flow. The electric motor stops and keeps driving with a single phase restrained
state and single phase, then the single phase's current value also changes by load state, the TOR
operates like the following:

+ Motor stop's singles phase restrained state — TOR operates

+ Motor's singles phase continuous driving (more than operating current) — TOR operating

+ Motor's singles phase continuous driving (less than operating current) —TOR not operating —
stop — restraining restarting single phase — operating

It is mostly possible to protect for single phase overload or single phase restraint. However,
preparation for any cases is required, because there are situation which cannot be prevented.
Here are an example case in phase disconnection accident of 3 phase motor;

1. Direct phase disconnection of motor's input
2. Delta connection motor's internal phase disconnection
3. Primary phase disconnection of power transformer

Accident types in number 1, 2 are shown in fig. 52. assuming that the circuit opens at XYZ point.
Power from the figure's values are assumed to be constant during driving, current indicates
calculated current value with classification by reverse ratio.

A 0.87A
a 1.73a
A 0.87A
a 1.73a
0
A a X

: Line current when restraint and 3 phase normal
: Line current when full load and 3 phase normal
: Phase current when restraint and 3 phase normal
: Phase current when full load and 3 phase normal

A
a
B
b

Fig. 52. Flowing current at motor's winding and protecting relay about every phase
disconnection accident of 3 phase
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1. Motor Protection

| 1.4 Three Phase Motor’s Phase Disconnection Accident Protection

W Direct phase The most problematic thing is the case of delta phase disconnection's motor, there flows

disconnec current possible for burning deterioration by motor's winding, although phase current increase
-tion of is larger than line current(detected current by TOR), it becomes 2/1.73=1.15 times and TOR
motor's doesn't operate depending on load state shown Fig53. But, we can't say this is directly
Input connected to motor's burning. It is because current increase of motor's 1 phase is large, but

other 2 phase is small and temperature increase of maximum current flowing phase by
internal thermal equilibrium of motor. However, There is copper loss and iron loss's increase
caused by the skin effect influenced by a backing magnet field, as a result, it is possibly a problem
for temperature increase when phase disconnection of only bulk motor. The maximum
temperature increasing ratio of driving with phase disconnection about motor of every
capacity and 3 phase normal winding is as figure 3. Judging with this standard, Phase
disconnection protecting type (MT line K type)TOR is recommended to use about motor which
has more than 3.7kw.

2.0

i il

14 47

i
W

Temperature rate of increase T1/T3

o
Bl
L
™~
~N
)
~

—~
3

‘\

N
| SN
=

%

;
s 1 é </ §§§§ X 3&\& A

Motor capacity(kW)

T1 : Wire temperature rise when phase failure
T2 : Wire temperature rise when normal three phase

T : A comparison between maximum value of wire temperature rise and normal
three phase rated operation temperature rise in case that line current operate
same with normal three phase rated when phase failure(T1/T3)

77777, - A comparison between maximum value of wire temperature to normal three
phase rated operation temperature rise on case that line current rise 10% than
rated current when phase failure

Fig. 53. Motor winding temperature increasing ratio during driving phase
disconnection (cited from JEM material 139)
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W Internal phase
disconnection
of delta
connection
motor

W Primary
phase
disconnec-
tion of power
transformer

This accident happens when one line gets disconnected or when one contact of delta side
contactor generates connection fault. The likelihood of this accident is very low, and a
protection relay which has very small operating current of detecting phase disconnection can
be protected, such as Electro Magnetic Protection Relay(see Note 1) detecting with line
current, but there is a problem in TOR and it is difficult to protect because there is arare
difference with general 3 element with insufficient phase disconnection detecting function due
to every flowing current at 3 phase, when even using phase disconnection type TOR.
However, it can be protected by 3 element or phase disconnection type TOR with same
condition as star connection's motor protection about direct phase disconnection, if thermal
relay can be put into phase of motor winding. Note 1) LSIS sells product series that magnetic
electric motor protection relay is expanded to 2 types, Meta-MEC EMPR and DIGITAL EMPR.
Please contact nearby sales office or visit LSIS Home page(www.lsis.biz) for more details.

This accident sometimes happens by 1 phase fusing of primary power fuse as shown in fig
54. Motor protection has a problem with 2 element TOR in this case, but it is ok by using 3
element or phase disconnection protection type TOR. However, protecting type in a package
system is sometimes realistic and economical by inserting phase disconnection relay in
transformer about this accident.

2a
1A 1.73b
1.73b
1a
0.5A 0.87b
1a
0.5A
Star connecting electric motor's case Delta connecting electric motor's case

Fig. 54. Electric motor's current during transformer's primary phase disconnection

There is a similar unbalance voltage accident to phase disconnection, but it causes an
increase of temperature, input and vibration due to an abnormal increase of unbalanced
current by generating a big difference with normal impedance, phase reversal impedance,
and simultaneously reducing output torque by generating phase torque and phase reversal
torque when unbalanced voltage is applied to motor due to operational of V connection
transformer or 3 phase unbalance load and large single phase load connection. The TOR
should be used for preventing this accident.
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Motor Protection and Selection of Thermal Overload Relay

1. Motor Protection

J 1.5 Protection of Electric Motor with Long-term Starting Time

Starting is impossible because the motor operates at starting time in a normal TOR, when a
long time is required for starting, such as with an electric motor driving inertia's large load, and
it also cannot acquire a protection characteristic. Our company solves this problem by
applying a lagged type TOR, lagged type only bimetal is being used with a standard TOR.

1. Protection of electric motor with long-term
starting time Prevention of unwanted

operation,but starting time is necessary to Distribution breaker's Fuse’ s fusing
be shorter than allowable restraint time and operating characteristic characteristic
it requires caution for applying it. Protection
of electric motor with occasional driving "g00o [ W
sometimes large heater is selected even 3999 |- \
with taking shortage of overload. 1000 7\ \

500

. . . . . 300 %ﬁT,,,,,,i Operating -
2. Protection of electric motor with occasional = g 3391\ G
driving sometimes even a large heater is 7:/ 50 \ ' TOR —
selected for making up for a shortage of = £ 39 T
overload protection, when you want to take = @ 12 N ?\\\\_
advantage of a motor's maximum short- IS g 7 s
term output power with occasional driving g 1~ Operating _ ]
. . . . . o 5 |- characteristic
(including inching and anti-phase) for motor o3 e A
. . . . g pe \

protection. Proper selection is possible for %2 .
applying with rare loss of overload protection 995 =
by using lagged type bimetal especially %ﬁ%%
when occasional driving is periodic. 0.005

2 3 45678910 20 30405060 100

3. Large motor protection cooperation of
starting current It is easy to take protection Multiplying factor of motor's full load current
cooperation with fuse or distribution breaker
when applying to large motor of starting
current, and protection cooperation of motor o _
and short circuit including circuit accident Fig. 55. MT and dlstrlbuFlon breaker or protection
can be acquired. (refer to fig. 55) cooperation of fuse

| 1.6 Protection of Motor with Occasional Driving

Enough preparation is required for using TOR for motor protection with occasional driving.
It is difficult to expect optimized protection about motor with occasional driving by only TOR
when there is big difference between thermal time constants of motor and TOR , it is
necessary to find solution about each case and apply it. It is good to select control current
based on motor's continuous rating when protection is prior with limiting somewhat motor's
available performance, it is necessary to control large control current with taking a little loss of
overload protection when you want to take advantage of maximum short-term output power.
Time constant of standard TOR in this case, but it is not necessary to select large control
current with using lagged type TOR. Selection of TOR's control current requires different
preparation for showing motor's performance enough when intermittence is irregular, but
proper selection is possible when it's periodic as following. As a reference, fig 55 shows
heater temperature increase of TOR when accasional driving.
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TOR heater(in case of lagged TOR)

Fig. 56. Heater temperature increase of MT type TOR in the case of occasional load

(A) : Overload protection of motor is difficult because setting current is set to be large.

(B) : Setting current is possible for overload protection because it is selected by motor's
continuous rating, but thermal time constant of TOR needs to be extremely large

in this case.

(C) : It is possible to select relatively proper setting current when intermittent driving because
flowing current at heater is controlled by bimetal from lagged type TOR and it is

similar to state B.
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1. Motor Protection

| 1.7 Electric Motor Protection

LSIS Co., Ltd.

1. Contact unwanted-operation vibration

Check if contact is separated for more than 1ms with varying uniform frequency in
10~55Hz for cycle 1 minutes by maintaining vibration acceleration 19.6m/s2(2g) after
setting current flowing temperature saturation to main circuit with setting value as minimum
of control range. Direction of exciting vibration is 3-axis direction of top-bottom

and left-right.

* Test result : All Metasol series product has no contact unwanted-operation.

. Static vibration durability

Frequency 16.7Hz, double amplitude 4mm, direction of exciting vibration is 3 axis of top,
bottom and left, right and exciting time is one hour each with each axis direction. Check
characteristic variation, damage, looseness of screw bolt after exciting vibration.

* Test result: within variation ratio 5% of 200% current operating time
(within range of repetition error) no damage of parts, looseness of screw bolt
(tightened with 80% of standard torque)

. Contact unwanted-operating shock

Check contact separation more than 1ms with applying shock of acceleration 49.0m/s2(5g)
by shock wave of schematic diagram 7 after setting current flowing temperature saturation
to main circuit with setting value as minimum of control range. Direction of exciting shock is
6-axis direction of top-bottom, left-right and back-forth, and number of it is 3 times about
each direction.

* Test result : Every Metasol series product has no contact point’ s faulty operation.

. Durability shock

Check characteristic variation, damage before and after applying shock of acceleration
490m/s2(50g) by shock wave in Fig. 57.

* Test result : within variation ratio £ 5% of 200% current operating time
(within range of repetition error) no damage of parts

N

4~6ms

Fig. 57. Shock wave
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2. Selection of Thermal Overload Relay

B 2.1 General of Thermal Overload Relay

B Type of
TOR
(Thermal
Overload
Relay)

Electric motor is the most common power user in almost every type of industrial facility, and
they are becoming miniature, light-weight, and higher performance. Moreover, their operation
al purposes now include clockwise and counter-clockwise driving, and intermittent driving.
This variety of driving types contributes to higher performance, and better automation of
facility or machines, meanwhile causes of faults are becoming more varied not only from
existing overloads and restraints, but also due to phase disconnection and phase reversal.
This has also caused an increase in fault frequency. Faults of electric motors don't just
include stopping, but can also involve dangerous results spreading down an entire power
supplying system. Therefore, proper types of protection suitable for application conditions
must be selected after checking the thermal characteristic of the motor, and verifying sufficient
driving type motor protection.

Type of TOR can be categorized by general(standard)type, phase disconnection protection
type, lagged type according to using purpose per load, they are a little different depending on
manufacturer.

1. General(standard) type overload relay
General(standard) type is most widely used in domestic market, it is classified with "2 element”
product and "3 element product" according to number of heater detecting over-current element at
each phase of internal Bi-metal. In domestic market, mainly "2 element " products are used,"3
element” product should be used for more precise load protection, because "2 element"products
have no over-current detecting element structure at "S phase".

2.0verload relay of phase disconnection type
Phase disconnection protection type is a product which has "phase disconnection detecting function"
is added to "general(standard) type", it is used to prevent accident by "phase disconnection”, one of
the biggest causes for motor's burning. "phase disconnection” means power is supplied with
disconnected 1 phase among 3 phase power supplying line, internal winding of motor's deterioration
(it causes motor's burning by 6~8 times of start electric current persistent flowing) happens by
approximately 1.5 times of rated current flowing at other phases except for phase disconnected one,
it spreads to very dangerous state with motor's burning depending on cases. Using "phase disconnec-
tion protection type" is the best which can detect other phase disconnection functions separately from
general(standard) type products, because over-current increase happens rapidly during phase
disconnection. Component of phase disconnection protection type product is shown in the figure on
the right. Phase disconnection protection product with
ADL(Amplified Differential Lever) bulges 3 SHiterA ShiterB
bimetal by dimension and translates in parallel to the ‘ 9‘7 s
right by Shifter-A, Shifter-B, release lever by a, but ﬂm& l W

contact is not released. In case of overload stat

(phase disconnection of R phase), Bi-metal releases

contact for short term than overload state through *T T

bulging by b than rated load driving state in case of "\g ﬁ\g ° ﬁ[ W
%

overload state. ﬁfﬂ o ﬁ
Bi-metal of R phase doesn't bulge and Bi-metal of S, T TIe
phase bulges, then release lever rotates to the right ?ﬂﬂl s

b
T

by Shifter-A with center of connected point with
Shifter-B, by expanding translation degree to lever
ratio. In other words, it is possible to protect motor
with releasing faster than release time by bulging
characteristic of Bi-metal.

It is the best way to select phase disconnection type
among thermal overload relay used for protection of During phase disconnection
general electric motor.

[=3

‘T‘Q*

Fig. 58. ADL mechanism
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Motor Protection and Selection of Thermal Overload Relay

2. Selection of Thermal Overload Relay

] 2.2 TOR general

3. Lagged type overload relay

The lagged type is applied to products which have large inertia such as a fan, centrifugal
separator or a blower with long operating time; their operating characteristics are different
from general type products. Normal driving is possible by applying lagged type product
because if a trip is generated during starting, then normal driving is impossible due to a long
start time with large inertia load, when general type product is applied. The following graph
shows operating characteristic of general type and lagged type product, tripping time is
within approximately 10 seconds when 720% of rated current is applied in case of general
type product, meanwhile, it is somewhat long with approximately 20 seconds. Trip class is
regulated in standard KS C IEC 60947 as following table, general (standard) phase
disconnection type product is class 10A and class 20 is a standard product in lagged type,
among products of LSIS.

+ General type + Lagged type
60 T 60
40 40
30 30
20 20
£ 1 \ £ 19 \
E ooy & e PN
ST\ I
g N\ ‘31 N\
SN\ IR
£ \ £ A
= 160 \ = 160 \
o 40 N\ o 40
g_ 30 %_ 30 g
% 20 g_ 20 S
L = 10
: :
(@] (@] N
% 3 @ 3
2 2
1 1
08 0.8
0.6 0.6
05 05
0.4 01
08T 2 3 4 5678910 15 R 2 3 4 5678910 15
Multiplier of rated current x In(A) Multiplier of rated current x In(A)

Fig. 59. Characteristic curve of general and lagged type

Table 1. Trip class standard

Trip Class Range of trip time Tp
10A 2(Tp <10
10 4(Tp <10
20 6(Tp <20
30 9(Tp <30
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Table 2. Types of thermal overload relay

Types Thermal relay
!
ur.az | LS
Exterior e . e
D%
feveve
R S T R S T R S T R S T
I I I I I I I I
Diagram :] :]« Bimetal :] :]« Bimetal :] ::|<— Bimetal :] :]« Bimetal
I I I I I I I I
Name MT-0/2H MT-0/3H oben ha'\;'eT' 'rjofe'étion o MT-03D
Type 2 element type 3 element type penp 3 elgment) YPE! time lag type (3 element)
It is a product which
Overload detecting "differential amplification | Open phase detecting
bimetal is used only on Overload detecting mechanism" with 3 mechanism is added
R and T phase. bimetal is used all for | elements type is installed | separately to three poles
Schemez| It is an economical three phases and to machinery unit and | and three elements type
product which is widely | protecting range is wider | rapid detecting function | and it is suitable for the
used in Korea than two elements type. during open phase is load which has long
and Japan. added. It is widely used starting time.
in Europe and America.
Standard inverse time limit Characteristic (Class 10A) Standard inverse time limit Standard inverse time limit
characteristic (Class 10A) characteristic (Class 10A) characteristic (Class 20)
0 60| 0| 60
20 120 40 4
0 30| 30| 30
. b b o
£ t £ 1 £1 t £ 10 \
£ Sy £ SR = AN = (EEN
) \\ \\ \\ \\ \ \\ g ‘\\ N
Characte |2 | 2 o 2 R ] I L |
ristic |5 | \\ £l \\ £ \ = e \\
curves |2 | S\ 2 N = i — 2|3 h
= S | w S | 2 » S | N
= = = N 2
S =Y = | Y SR
o g o fE 9 i
1] » 3 {720 a3
2 2| 2| 2
H : i 0
42 § 8 8
03 0 1 035 0 1 =0 10 1 03 2 3 4 5678910 15
Multiplier of rated current x In(A) Multiplier of rated current x In(A) Multiplier of rated current x In(A) Multiplier of rated current x In(A)
Reset method : Basic reset type is manual.(user can change to automatic reset.)
Auxiliary contact point : 1alb
Features

Operation power : Not need
Installation : It is possible to connect direct to magnetic contactor and be installed separately too.
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2. Selection of Thermal Overload Relay

] 2.3 Understanding of Trip Characteristic Curves

B Understan-
ding of
character-
istic
curves

LSIS Co., Ltd.

The horizontal axis is a multiple of rated current and the vertical axis is the tripping time. If you
look at tripping time on the graph when two times of setting current flows on the load, you can
find out it is tripped at around 30 sec~1.5 min. The reason why there are two different
characteristic curves is to show the error free range; the lower curve shows minimum value
and the upper curve shows maximum value. So tripping time is between the minimum and the
maximum value.

60 ii
st H
20 1
£ 10 ! \|
g
1\
ST\
g \ O\ maximum value
S\ N\
® \
g — 60 \\ AN
\ A\
2% AN SN
g | N\
= ZE AN AN
= 10 minimum value \\ \
8 ‘\\ ‘\
6 N, AN
AN A
o 3 N\, AN
& 3 A AN
2 NN
\\ |
1 N
N1
28 N
0.5
0.4
1 0.3

1 2 3 4 5678910 15

Multiplier of rated current x In(A)

Fig. 60. Characteristic curve

The tripping characteristic of a thermal overload relay basically has an inverse time
characteristic. The characteristic curve is categorized by a cold start curve and hot start curve
in figure 60, the electro-magnetic motor protection relay also has same characteristic
considering starting current when starting. Operating characteristic should be selected without
superposition with starting characteristic curve, because normally 6~8 times of rated current is
generated when starting the motor. As mentioned above, a lagged type overload relay should
be used in case of load over a long operating time (blower, fan and centrifugal separator etc).
The tripping characteristic of the TOR after a certain number of hours driving changes into a
hot characteristic curve. Therefore, trips such as electric motor’'s generated overload during
driving uses hot characteristic curve as standard. As is sometimes happening in the field,
even though there is no trip after the first startup, if you start up again right after turning off
during motor operation, there are some cases of tripping at the contactor. In this case the
TOR still has the hot characteristic. This phenomenon is solved by starting after
approximately 20 minutes, because the Bi-metal inside the TOR will have had time to cool off,
and return to a cold start characteristic.
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| 2.4 Tripping Characteristic Curve (MT)

Class10A,
18AF

MT-12/2H
MT-12/3H
MT-12/3K

Class?20,
18AF

MT-12/3D

The thermal overload relay(MT) can be installed and used in series with a magnetic switch or
individually. There are two elements type(2H) which have a heater only on R and T phase,
three elements type(3H) which have heaters on R, S and T phases, open phase type(3K)
which is operated by differential amplification machinery(ADL) at open phase moment, and
automatic type(3D).
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20 20
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2. Selection of Thermal Overload Relay

| 2.4 Tripping Characteristic Curve (MT)

Class10A,
40AF

MT-32/2H
MT-32/3H
MT-32/3K

Class?20,
40AF

MT-32/3D

LSIS Co., Ltd.
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| 2.4 Tripping Characteristic Curve (MT)
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| 2.4 Tripping Characteristic Curve (MT)
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2. Selection of Thermal Overload Relay

] 2.4 Tripping Characteristic Curve (MT)

Class 10A, 800AF

Class 20, 800AF

Cold starting
0
k)
20
i 10 -
ol e
E “\ \\
3
N 1
\
é_n \‘\ \‘\
I L
= \\
’” NS N
N N
10 B
L] N ~
ji N
: ~
N
P ==
06 S
04
03
1 2 a 4 5 6 7 8 910 15
Multiple of current setting ——=— % InfA]
Cold starting
L]
4“0
30
il 11| B
MIILEN
i L + aY
] LY AY
] i —
b N N
i N BN
\ \\
B JIE NN
© 5
i N h N
0
[ " \\ \\
N N
> N N
: ‘k =
5 :
3
2
A NG|
08
08
bt
0.3.

1 2 3 4 5 8 T80 15

Multiple of current setting ——e * In[A]

226

Hot starting

8 B 8

==

b1
=

J’/

Tripping Time

88

| et
1

/f

Py

8 2688 -

Multiple of current selting ——=—

Hot starting

Tripping Time




-
O
'z
=
=
LS.
o
=,
O
|




Coordination

1. Coordination

J 1.1 Protection Range of Magnetic Switch

Magnetic switch is mainly used for remote control of motor's starting, stopping, etc. and
protecting from motor burnout by overload, binding, etc. Also its operational current range is
relatively small so during short circuit, it is not capable of opening and closing large current.
General magnetic switch on the market mostly has AC3 or AC4 level switching
efficiency(8~10 times of rated operational current) which is designated by KSC IEC 60947-4-1
and even with extra about 10~15 times. If there is current over certain amount on TOR,
except special case, there is a danger of heater fusion before it operates. To prevent heater
fusion, KSC and IEC standards designate overload current flow test as resisting 13 times of
current and electric installation technology and wiring regulations also test with 13 times of
rated operational current. Our company's MT type satisfies above designated value(over 13
times) of the standards. So more than 13 times of rated operational current is out of magnetic
switch's protection range and to protect from short circuit, you need to use short circuit
protection breaker such as MCCB and ELCB, or short circuit protection fuse.

] 1.2 Protection Functions

1. Disconnection functions & short-circuit prot
« Breaking function Breaking motor's circuit

before maintenance work ' * :
« Short circuit protection Wire and load devices i Disconnection an :
protection from over current (I > 10In) short-circuit U
: rotection : :
2. Control , , : I[li/lolded case P
« Onand off operation Motor's starting P circuit P
and stopping i breakerMCCB) T '
3. Heat and overload protection :
» Overload protection Load devices protection
from over current(l < 10In) : CO”UC"_ d :
- Additional characteristic protection i Magnetic
1. Restrictive protection of accident i contactor TR
(during motor operating) (MC)
2. Preventive protection of accident peonSIIIIIIIIIIIIIIINL JIInnInaiii
(motor insulation test during motor :  Heatand
stopping) : overloqd i :
. : protection :| '
4. Protection range : Thermal type :
« Overload(l < 10In) Overload is occurred i overload
under following cases. i Relay(TOR) :
1. Electric problem on main power(phase e
burnout, voltage difference between
phases) : :
2. Long start with excessive torque by system i Load device M :

or motor damage (during bearing vibrating) ' (motor)

« Impedance short circuit(10 < | < 50In)
Main reason of motor insulation burnout ' '
« Shortcircuit I>50n)  TTTTTTTTTmmmmmmommommesossosmosnenoes
The accident of this case barely occurs but
the reason could be short circuit fault

. . Fig. 61. Protection system
between phases during maintenance.
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| 1.3 Application Standards

Motor circuit should be applied by designated general rules of KSC IEC 60947-4-1 and
related contents with motor protection are as follow.

« Protection cooperation of motor circuit accessories, etc.

« Thermal type over current relay Trip Class

« Magnetic contactor application range

« Insulation cooperation

W Different The standard for propriety of Type-2 coordination requires 3 different faulty current tests to
test check normal operation of magnetic switch and control devices under overload and short
currents circuit condition.

1. "Ic" current (overload | <10 1In)
TOR provides protection against Ic value(Im or Isd function) indicated by manufacturer and
this type of fault. And KSC 60947-4-1 designates two different tests which have to be
operated to ensure protection cooperation between TOR and short circuit protection device.
* Apply to TOR in 0.75Ic.
* Apply to short circuit protection device in 1.25Ic.
TOR's tripping characteristic shouldn't be changed from 0.75 and 1.25Ic tests, and Type2
cooperation enhances service continuance. After getting rid of fault, magnetic contactor
can be closed automatically.

2."r" current(impedance short circuit 10 <1 <50 In)
The main cause of this type of fault is insulation destruction. KSC IEC 60947-4-1 describes
instant short circuit current "r". This test current is used to check if the protection device
provides protection against impedance short circuit. After this test, there shouldn't be any
changes on basic characteristics of the magnetic contactor or TOR. The breaker should
trip within 10ms against a faulty current of over 15In.

Tablel. Estimated test current value by rated operating current

Motor operational current le (AC3) (A) Estimated current “r”(kA)
le <16 1
16<le < 63 3
63<le < 125 5
125<le < 315 10
315<le < 630 18
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B Different 3."1g" current(short circuit | > 50In)
::?Js;trents This type of fault is relatively rare. The possible cause of this could be connection fault during

maintenance. Short circuit protection is provided by rapid breaking device. KSC IEC 60947-4-
1 states "Ig" current as usually over 50KA. "lq" current is used to check protection cooperation
of magnetic switch and control device which is installed to motor supply circuit. After this test
under extreme conditions, all assembled magnetic switch and control device should be
operated continuously.

med W Overload range “Impedance short circuit range """" Short circuit range |

! ! |

¥ ¥ :

TOR characteristic n Breaker heat resistance ' i '

! ' strength limit ! H !

- St TOR heat resistance ! | |

Triptime | ——== NN strength limit N !

(based on YUY :, !

class10A) Motor starting & \\l S ! | i

characteristic ' S " 1

[ N, h 1

Normal operatiofal > ' ! >Breaker trip range ' ! |

current range h MCreIease(MA): H !

1 : ! 1

1in 1om | i It 50-1000ln !

=T T | T | >

! 0.75lc | E 1.25lc r | i lg Current |

1 i h !

Fig. 62. Time-current characteristic curve
B TOR Trip Four trip classes of TOR are 10A, 10, 20 and

Class 30(max. tripping time in 7.2Ir). Generally class 10 . . .
and 10A are used the most. Class 20 and 30 are i i i
needed for motors with long starting time. You can : : |
use fig 62 and table 2 to select right TOR for motor 306 ity D Class30y |
starting time. @ VN Classzo! |
g o]
. . = i 1 ~+o_Class10, 1
Table 2. Operating range by trip class 2 10s R aas B
S 1 I I A
Class | 1.05Ir | 1.2Ir | 151r 7.21r 2 Lo !
10A | t>2h | t<2h | t<2min. |2 <1< 10s
10 |[t>2h | t<2h | t<4min. |4 <t<10s AR i
20 | t>2h | t<2h |t<8min.|6<t< 20s —— :

105120 15 72 1/1r

30 |t>2h | t<2h |[t<12min|9<t<30s Current

Fig. 63. Characteristic curve by trip class
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B Coordination
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relation
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MCCB and
magnetic
switch
operation
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When you determine protection cooperation for branch circuit with MCCB and magnetic
switch which
have motor as load, the following details should be considered.

1. Magnetic switch should certainly be able to break the maximum current which could occur
under motor's normal condition.

2. TOR should definitely have an operation characteristic to protect during motor's overload
and binding.

3. MCCB should have the capacity to adequately break a short circuit current which could
flow on each short circuit point.(including cascade breaking)

4. The thickness of the branch circuit wire should be the size which is not to be burnt out by
12t that passes through within MCCB breaking time, if there is a short circuit current.

5. Branch circuit wire should be protected from over current by TOR or MCCB.

6. MCCB should not operate faultily from motor's starting current or rush current.(Especially,
be cautious of rush current of semi-cycle during closing.)

7. Operation characteristics of TOR and MCCB have an intersecting point and extended over
the full current power, the protection operating characteristic should not have a gap. Also,
for current power below the intersecting point, the TOR's characteristic should be on the
lower side.

8. The intersecting point of the operation characteristic should be a current value which is less
than the magnetic switch's breaking capacity.

9. If there is short circuit current on the magnetic switch, it should not be damaged until the
MCCB breaks.

If the above conditions are satisfied, the protection cooperation of branch circuit is able to be
completed but completing economic side and all conditions are not always the most
advantageous plan. The protection cooperation degree of a branch circuit can be interpreted
as the reliability of a branch circuit system but regarding reliability necessity and economical
efficiency, several details need to be added. So from above details, 1~6 are required but
depending on economic circumstances, 7~9 can be considered by their degrees of necessity.

To protect the motor and to prevent faulty operation, a magnetic switch should be installed
with an E type motor and it's TOR's operation characteristic should satisfy the following
conditions.

1. Inactive operation with 105% of motor's rated current, operating with 120%.
2. Operating within 3~30sec with motor's starting(binding) current

Fig. 64 indicates the TOR's operation characteristic, the motor's heat characteristic and the
motor's starting current but if each curve is same as fig. 64(A), the condition can be satisfied.
This condition can be satisfied if in a modern (RC scale) TOR's selection the motor rated
current is roughly the same as the heater set current.

23 l Metasol MS Technical Manual



Coordination

1. Coordination

] 1.4 General Consideration of Magnetic Switch and MCCB Coordination

LSIS Co., Ltd.

=

Motor heat characteristic
/ MCCB operating characteristic
v

Load side power’ s permitted
current time characteristic

Operating characteristic’ s
intersecting point

TOR heater fusing point
TOR

operating
characteristic

/ current time characteristic

Time ( logscale )

Note) on the terminal
of load side wire, short
circuit current is
needed to be lower

| than this current.

Motor
starting !
current !

1

@OOO  ©0

Current(log scale)

(B)

Time

MCCB power side wire permitted

Motor heat characteristic

MCCB operating characteristic
Load side power’ s
/ permitted current time
TOR characteristic
operating N
characteri >
stic

fusing point

@) =

X

/ X

TOR heater 1
1

1

1

1

1

1

T

~ (D) ~! [G)

Current

(a) Motor normal starting current ~ (c) Motor transient rush current
(d) MCCB instantaneous trip current (f) MCCB rated breaking capacity(in the installation point of the short circuit current)

Fig. 64. Each characteristic's relation of protection cooperation

There is a possibility of faulty operation by rush current during motor's starting. For a squirrel-
cage motor, approximately 5~7 times the normal starting current flows during starting but
because direct current overlaps during early starting(especially very beginning of semi cycle),
an even bigger transient rush current flows and the amplification changes by a power factor
as in fig. 66. When motor's starting power factor is 0.4 delay, it becomes about 1.3 times of
normal starting current. Moreover if there is instant restarting(after power is off, restarting
before motor stops spinning), at worst it reaches two times, in other words, 2.6 times of
normal starting current from effect of residual current of motor. Fig. 67 shows actual
measurement results from a real motor. Instantaneous trip time of MCCB is operated around

a semi cycle so it is necessary to be cautious
not to be operated with selected rush current.
To prevent faulty operation from this rush
current, check actual measurement result and
set breaker's instantaneous trip current as 14
times of rated current. After deciding operation
characteristic of magnetic switch and MCCB
like this, it is a problem to make each
characteristic's intersecting point. Fig. 64(A)
indicates when the 7th item (p231) of protection
cooperation condition is satisfied and fig. 64(B)
indicates when it's not satisfied. In the case of
fig. 64(B), because there is gap of protection
cooperation, if the current of this range flows,
the TOR's heater will be fused. TOR operating
characteristic MCCBoperating characteristic
MCCB faulty opperation
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Fig. 65. Example of faulty operation by motor rush
current of MCCB
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B Magnetic
switch when
short circuit
current flows

B Protection
cooperation
degree

Also on fig64(A), when the intersecting point of the operation characteristic exceeds the
magnetic switch's breaking capacity, even if TOR is operated, the magnetic switch becomes
incapable of breaking and is damaged. So in the case of having an intersecting point of
operation characteristic for protection cooperation, the 8th item(p231) of protection
cooperation condition needs to be satisfied. It is desirable to satisfy the condition stated in this
paragraph for protection cooperation but because this kind of current range is relatively
narrow and the possibility of flowing is also very rare(the current of this range is mostly from
motor winding ground and layer.), it can be neglected.

If current flows on a magnetic switch, an electron repulsive power occurs between contact
points. By this electron repulsive power, the magnetic switch will have contact points'
loosening(separation) from 20~40 times current of usual rated operational current. So if more
than that amount of short circuit current flows, an arc can occur by contact points' loosening,
and there are possibilities of contact points' melting and short circuit between poles. If there is
short circuit fault, it can be broken by MCCB but maximum value of the current and 12t which
flows at that point are a function of agreed short circuit current and it tends to increase
together with short circuit current increase. So if over certain limit of short circuit current flows,
preventing damage of magnetic switch by MCCB prevents to have arc between these contact
points(do not let them rise up.) and it is difficult if it's not suppressed with extremely small
amount. But when short circuit current is small with short circuit point being load side's front
and end, it is possible to avoid magnetic switch's damage as stated on short circuit fault
consideration (p237).

Now MCCB which satisfies various function and characteristics are being manufactured and
also for protection cooperation, small changes can be added to magnetic switch. About the
details which are considered with relation between MCCB and magnetic switch operation
characteristic(p233) and magnetic switch with short circuit current flowing (p231), each step
can become feasible by protection cooperation degree. Certain requirements on top of this
protection cooperation degree can be decided by its necessity and economical point of view
which was mentioned before. In relation to this fact, KSC and IEC standard [electric machine
type contactor and motor starter] indicates following coordination types by the level of
magnetic switch's damage during short circuit. Type "1" is that contactor or starter should not
be the main cause of harming human or facilities under short circuit condition and it doesn't
have to be suitable to use continuously without repairing or exchanging accessories. Type "2"
is that contactor or starter should not be the main cause of harming human or facilities under
short circuit condition and it should be used continuously. When manufacturer is instructing
steps to take for device repair, it is okay for contact point to be melted and fused. And as
stated example of handling method with other various standards, UL standard (American
Safety Standard) No. 508 and CSA standard(Canadian Safety Standard) C22-2 No. 14
designate that when 5000A short circuit current which is combined by 3~4 times of rated
operational current's rated fuse or breaker, flows on magnetic switch,

magnetic switch would not have any abnormality(just, contact point's melting and fusion
permitted).
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Fig. 66. Inrush current during motor's starting
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Fig. 67. Amplification of motor's rated current and transient inrush current
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| 1.5 Coordination of Metasol Series Magnetic Switch and Metasol MCCB

W Breaking The intersecting point of the MCCB and the TOR's operation characteristics are not just on
capacity of the breaker's inverse limit time characteristic range shown as fig. 64(A) but also on
Metasol seri- | instantaneous trip range shown as fig. 68. In this case, if the magnetic contactor does not
es magnetic have any extra breaking capacity, it's possible for the intersecting point to exceed the
contactor magnetic contactor's breaking capacity. With consideration of this point, the Metasol series

magnetic contactor has been made to have enough extra breaking capacity, and as shown on
table 3, it is over 13 times of rated operational current below 440V. So even when operation
characteristic's intersecting point is the same as fig. 68, maximum rated

capacity can be selected for the motor so in the case of selecting protection cooperation,

it is economically advantageous.

MCCB operating

— characteristic

. TORoperating
Time characteristic

Operating characteristic intersection point

Current
cuent

Fig. 68. Intersecting point of breaker and thermal relay

Table 3. Breaking limit of Metasol series magnetic switch

Type Type Rated operational current(A) AC-3level440V|  Breaking possible current (kA) 440V
MS-6a 6 100
MS-9a 9 100

18AF Vis—12a 12 150
MS—18a 18 200
MS-9b 9 100
MS—12b 12 150

2AF "\1s—18b 18 200
MS-22b 22 208
MS—-32a 32 500

40AF "i5-40a 40 600
MS-50a 50 700

65AF "MS-65a 65 950
MS-75a 75 950

100AF | MS-85a 85 1200

MS-100a 95 1200
130a 110 1800

150AF ™50, 150 2300
185a 185 2700

225AF 505, 225 3600
265a 265 4200

400AF | 330a 330 5200
400a 400 7200
500a 500 6400

800AF | 630a 600 6400
800a 800 8200
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The MT type TOR used in the Metasol series magnetic switch is designed either to have a
slightly longer operating time to possibly bring the operation characteristic's intersecting point
from breaker's inverse limit time characteristic range or to have a large heater over current
resistant quantity, etc. with operation characteristic cooperation with MCCB. Particularly, the
fusing point at which the heater melts before TOR operates is shown on fig. 69 but because it
becomes 13 times the maximum heater current, it is considered to have a certain cooperation
with the MCCB. Also, the TOR heater fusing during a short circuit fault is decided by the value
of passing I’t but heater fusing I’t value of MT type is relatively big so it is easy to get good
protection cooperation. Approximate value of MT type TOR's permitted fusing I’t and heater
fusing I’t are stated on table 4.

(Width of each heater’s average value)

20°C Cold Start
Operating characteristic
100 Fusion characteristic
Fusing time
Operating time
(sec) 10k
0 | | | [ I I | |

1 2 3 5 7 10 20 30
Setting current multiplying

Fig. 69. Example of MT type TOR's heater fusion characteristic

Table 4. MT type TOR's permitted 12t when short circuit current passes

Type Reusable permission 12t (A2s) Heater fusion 12t (A2s)
MT-32 150 ~ 500 12 250 ~ 1000 12
MT-63 250 ~ 600 12 400 ~ 1000 12
MT-95 3000 ~ 700 12 500 ~ 1000 |2

To prevent faulty operation, the instantaneous trip current of MCCB is set with a slightly
higher value. So the rated current of a Metasol series MCCB which is to be selected for
proper protection cooperation with Metasol series magnetic switch is better to be relatively
small and it is almost 1.5 times of TOR heater set current. A combination example of a
Metasol series MCCB and magnetic switch which are selected in regards to operation
characteristic cooperation is stated on machinery selection for Type 2 protection
cooperation(p239~242). The one problem regarding operation characteristic cooperation is
related with short circuit capacity when it is necessary to select a breaker with a bigger frame
compared to an MT type TOR's heater size. In this case, the breaker's lowest value of rated
current is limited so protection cooperation can be difficult. The solution to this is applying an
automatic type TOR.
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In an MCCB which has a motor with a load and branch circuit with a magnetic switch, short
circuit points related with this breaker are the six spots A through F in fig. 70 and since all
other points have almost no possibility of a short circuit fault, they are not considered.
Therefore short circuit faults on each point are investigated as below. At first, KSC and IEC
standards' protection cooperation type as protection cooperation degree (p233) was
introduced but if there is short circuit fault on C or D point of fig. 70, the short circuit current is
big and permitted over current of Metasol series magnetic contactor is as shown on table 5.
So generally protection cooperation type will be Type"1" and it is difficult to set it as Type"2".
But when the short circuit point is on E or F of fig. 70, current decrease by wiring's impedance
is quite big and the calculated result (higher impedance from D point is 0.) for wire length,
50m and 100m between D and E of fig. 70 is value shown on table 6. In fact, higher
impedance is also added from D point so if there is short circuit to E point, the current which
flows to magnetic switch gets smaller than the value on table 5. In this case, there is big
possibility of having Type "2" as the cooperation type. If there is fault on F point, current gets
smaller so the condition is better than E point.

A: MCCB terminal unit

Breaker(MCCB) Contactor(MC) TOR B: MC power side terminal unit
Power l___' l___' .r__! motor C: MC load side terminal unit
<|’> ?_v (TOR power side terminal unit)
A B+ Cl D E D: TOR load side terminal unit
F E: Motor terminal unit
F: Motor winding unit M
F: Power

Fig. 70. Branchcircuit's short circuit points

Table 5. Metasol series Magnetic switch permitted overcurrent

Current flow  |Wire length that short circuit current s less than permitted overcurrent fromleft column(m)
Type 10ms. Wire Circuit voltage

permitted

overcurrent(A) | Size (mm?) 220V 440V 550V
MS-6a, 9a, 9b, 12a, 12b 800 2 50 100 125
MS-18a, 18b, 22b 1000 35 16 33 41
MS-32a, 40a 1600 8 35 69 87
MS-50a, 65a 2200 14 45 86 m
MS-75a, 85a 3000 22 53 106 133
MS-100a 3000 30 69 137 172
MS-130a, 150a 3600 38 72 144 179
MS-185a, 225a 6500 60 62 124 155
MS-265a, 330a, 400a 10000 200 95 190 238
MS-500a, 630a, 800a 15000 325 114 228 285
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B Short Based on Metasol series magnetic contactor's permitted over current(the value in the case of
circuit no current limit of short circuit current with MCCB breaking time as 10ms), the calculated
fault result of wire length which is needed to make protection cooperation Type"2" possible, is

investigation

stated on table 5. This value is also calculated with higher impedance from D point as 0, so
actual wire length will become a little shorter than this. Even when the length of wire is short, it
is relatively easy to make possible up to certain length by methods as (1) enlarge magnetic
contactor's size, (2) use MCCB with current limit effect, etc. over current resistant quantity is
stated on table 4 but except small quantity rated heater, generally coordination Type"2" is
relatively easily satisfied. In the case of a short circuit fault on A or B point of fig. 70, if the
MCCB's breaking capacity is sufficient, there is no problem.

Table 6. Conventional short circuit current in the case of short circuit at end of wiring
(symmetrical value)

Wire Short circuit current(A)
thickness When wire length is 50m When wire length is 100m
mm? 220V 440V 220V 440V
@1.6 300 600 150 300
@2 460 920 230 460
5.5 mm?2 800 1600 400 800
8 mm?2 1100 2200 550 1100
14 mm?2 2300 4600 1150 2300
22 mm?2 3100 6200 1550 3100
30 mm?2 4100 8200 2050 4100
38 mm?2 5200 10400 2600 5200
50 mm?2 6700 13400 3350 6700
60 mm?2 8000 16000 4000 8000
80 mm?2 10500 21000 5200 10500
100 mm? 13000 26000 6500 13000
125 mm? 15000 30000 7500 15000
150 mm? 17000 34000 8500 17000
200 mm?2 19000 38000 9500 19000
B Coordination As investigated above, if each selection is correct, coordination of Metasol series MCCB and
of Metasol magnetic switch is relatively easily satisfies 1~8 details of coordination conditions (p195). But
series during the event of a disconnection fault, it becomes about type"2" of KSC and IEC standards
MCCB and coordination for short circuit on E or F point of Fig. 70 or type "1" for short circuit on C or D
Metasol point. Depending on short circuit protection device, it is possible to have type "2" of
series coordination type even with short circuit fault of point C or D. But point C or D's short circuit
magnetic occurs in magnetic contactor or TOR's terminal unit so it is impossible to avoid insulation
switch deterioration between terminals and terminal's burnout. Eventually a magnetic switch needs
to be exchanged so even with type "2" of coordination type, it should be regarded as having
fewer advantages. So for coordination coordination type during short circuit, type"2" is proper
in the case of short circuit on E or F point and type"1" for short circuit on C or D point. If you
interpret that 9th detail of coordination conditions(p195) is applied to the short circuit case on
E or F point, as stated above, it can be said that combination of Metasol series MCCB and
Metasol magnetic switch can be satisfied at certain level.
LSIS Co., Ltd. 238
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2 . Machinery Selection Table for Type Il Coordination

] 2.1 Relation of Breaking Coordination between Contactor(Switch) and Breaker(MCCB for Protecting Motor)

When a breaker and a switch or an MMS and a switch are combined and used, the breaker
breaks to protect line if there is any fault but part of short circuit current will be transmitted to
lower contactor and overload relay too. So lower contactor and overload relay should be
structured to resist certain amount of short circuit current.

KSC and IEC standards are regulating about this with Type Il coordination item and overseas
advanced companies have this type of test as a basic item, then list test contents in catalogue
and technical data. According to this, LS Industrial Systems also completed the test as KSC
and IEC standards at electric power test center (PT&T) and provided selecting table.

W Coordination Machinery selection table for Type2 coordination

of motor MCCB+MC, MMS+MC(220/240Vstandard)
circuit MMS-CIOHI
MCCB N H L MCCB MMS-OCOH
TD100 85kA 100kA 200kA MC MC
MMS S HI, H TOR {
MMS-32 50kA 100kA
Motor rated power MCCB, MMS t;:;gr mermslef;\;erload STJ?;taCkiiLCgUit
Rated current (A) Rating Setting capacity
kw Type Type | Type | current
380V | 400V | 415V ® (A) | 1Ir (kA) | Ig (KA)
0.06 0.21 0.20 0.19 MMS-32HI | 0.25 | MC-6a | MT-12 | 0.16~0.25 1 50
0.09 0.32 0.30 0.29 MMS-32HI 0.4 MC-6a | MT-12 | 0.25~0.4 1 50
0.12 0.46 0.44 0.42 MMS-32HI | 0.63 | MC-6a | MT-12 | 0.4~0.63 1 50
0.18 0.63 0.60 0.58 MMS-32HI | 0.63 | MC-6a | MT-12 | 0.4~0.63 1 50
0.25 0.89 0.85 0.82 MMS-32HI 1 MC-6a | MT-12 | 0.63~1 1 50
0.37 1.16 1.10 1.06 MMS-32HI 1.6 |MC-12a12b| MT-12 1~1.6 1 50
0.55 1.6 15 14 MMS-32HI 1.6 |MC-12a12b| MT-12 1~1.6 1 50
0.75 2.0 19 18 MMS-32HI 2.5 |MC-12a,12b) MT-12 | 1.6~25 1 50
11 2.8 2.7 2.6 MMS-32HI 4 MC-22b | MT-32 2.5~4 1 50
15 3.8 3.6 35 MMS-32HI 4 MC-22b | MT-32 2.5~4 1 50
2.2 5.2 4.9 4.7 MMS-32HI 6 MC-22b | MT-32 4~6 1 50
3.0 6.8 6.5 6.3 MMS-32HI 8 MC-40a | MT-32 5~8 1 50
4.0 8.9 8.5 8.2 MMS-32HI 10 MC-40a | MT-32 6~9 1 50
55 12.1 115 11.1 MMS-32HI 13 MC-40a | MT-32 9~13 3 50
75 16.3 155 14.9 MMS-32HI 17 MC-40a | MT-32 12~18 3 50
11.0 23.2 22.0 21.2 TD100 25 MC-50a | MT-63 18~25 3 70
15.0 31 29 28 TD100 32 MC-50a | MT-63 24~36 3 70
18.5 37 35 34 TD100 40 MC-50a | MT-63 28~40 3 70
22 43 41 40 TD100 50 MC-50a | MT-63 34~50 3 70
30 58 55 53 TD100 63 MC-65a | MT-63 | 45~65 3 70
37 69 66 64 TD100 80 MC-75a | MT-95 54~75 5 70
45 84 80 T7 TD100 100 | MC-85a | MT-95 63~85 5 70
55 - - 93 TD100 100 |MC-100a| MT-95 70~95 5 70
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Machinery selection table for Type 2 coordination
MCCB+MC, MMS+MC(380/415Vstandard)

MMS-OOHI

MCCB N H |_ MCCB MMS-OOH
TD100 50kA 85kA 150kA MC MC
MMS S HI, H TOR {
MMS-32 50kA 50kA

Con | Thermal Overload ircui

Motor rated power MCCB, MMS | = Reley Sr;)‘;;tack'irncgu't
KW Rated current (A) Typet Rating Type [Typen ?S;Eg]n% capacity
380V | 400V | 415V Q) A Ir (kA) | g (KA)

0.06 0.21 0.20 0.19 | MMS-32HI | 0.25 |MC-9a(b)| MT-12 | 0.16~0.25 1 30
0.09 0.32 0.30 029 | MMS-32HI | 0.4 |MC-9a(b)| MT-12 | 0.25~0.4 1 30
0.12 0.46 0.44 042 | MMS-32HI | 0.63 |MC-9a(b)| MT-12 | 0.4~0.63 1 30
0.18 0.63 0.60 0.58 | MMS-32HI | 0.63 |MC-9a(b)| MT-12 | 0.4~0.63 1 30
0.37 1.16 1.10 1.06 MMS-32HI 1.6 |MC-9a(b)| MT-12 1~1.6 1 30
0.55 1.6 15 14 MMS-32HI 1.6 |MC-9a(b)| MT-12 1~1.6 1 30
0.75 2.0 1.9 1.8 MMS-32HI | 2.5 [MC-9a(b)| MT-12 | 1.6~2.5 1 30
1.1 2.8 2.7 26 | MMS32HI | 4 |MC-18a(b)| MT-12 | 2.5~4 1 30
15 3.8 3.6 35 MMS-32HI 4 |MC-18a(b)| MT-12 2.5~4 1 30
2.2 52 49 4.7 MMS-32HI 6 |MC-18a(b)| MT-12 4~6 1 30
3.0 6.8 6.5 6.3 MMS-32HI 8 MC-32a | MT-32 5~8 1 50
4.0 8.9 8.5 8.2 MMS-32HI 10 | MC-32a | MT-32 6~9 1 50
55 12.1 115 111 MMS-32HI 13 | MC-32a | MT-32 9~13 3 50
75 16.3 155 14.9 MMS-32HI 17 | MC-32a | MT-32 | 12~18 3 50
11.0 23.2 22.0 21.2 MMS-32HI 25 | MC-40a | MT-32 | 18~25 3 50
15.0 31 29 28 MMS-32HI 32 | MC-40a | MT-32 | 24~36 3 50
18.5 37 35 34 MMS-32HI 40 | MC-40a | MT-32 | 28~40 3 50
22 43 41 40 TD100 50 | MC-50a | MT-63 | 34~50 3 70
30 58 55 53 TD100 63 | MC-65a | MT-63 | 45~65 3 70
37 69 66 64 TD100 80 | MC-75a | MT-95 | 54~75 5 70
45 84 80 7 TD100 100 | MC-85a | MT-95 | 63~85 5 70
55 93 TD100 100 | MC-95a | MT-95 | 70~95 5 70

(1) If "H" model is used instead of "HI" model for MMS, use without thermal relay.
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B Motor
circuit’s
coordination

Machinery selection table for Type 2 coordination
MCCB+MC, MMS+MC(440Vstandard)

TD100

42kA

T2kA

130kA

MMS-32

38kA

50kA

MMS-CI0OHI

MCCB

MC

TOR

MMS-O0OH

-

0.06 0.18 MMS-32HI 0.25 MC-9a(b) MT-12 | 0.16~0.25 1 30
0.09 0.27 MMS-32HI 04 MC-9a MT-12 0.25~0.4 1 30
0.12 0.40 MMS-32HI 0.63 MC-9a(b) MT-12 0.4~0.63 1 30
0.18 0.55 MMS-32HI 0.63 MC-9a(b) MT-12 0.4~0.63 1 30
0.37 1.00 MMS-32HI 1.6 MC-9a(b) MT-12 1~-1.6 1 30
0.55 14 MMS-32HI 1.6 MC-9a(b) MT-12 1-1.6 1 30
0.75 17 MMS-32HI 25 MC-9a(b) MT-12 1.6~2.5 1 30
11 2.5 MMS-32HI 4 MC-9a(b) MT-12 2.5~4 1 30
15 33 MMS-32HI 4 MC-18a(b) | MT-12 2.5~4 1 30
2.2 45 MMS-32HI 6 MC-18a(b) | MT-12 4~6 1 30
3.0 5.9 MMS-32HI 8 MC-18a(b) | MT-12 5~8 1 30
4.0 7.7 MMS-32HI 10 MC-32a MT-32 6~9 1 50
55 10.5 MMS-32HI 13 MC-32a MT-32 9~13 1 50
7.5 14.1 MMS-32HI 17 MC-32a MT-32 12~18 3 20
11.0 20.0 MMS-32HI 20 MC-40a MT-32 18~25 3 20
15.0 26 MMS-32HI 32 MC-40a MT-32 24~36 3 20
18.5 32 TD100 32 MC-50a MT-63 24~36 3 50
22 37 TD100 40 MC-50a MT-63 28~40 3 50
30 50 TD100 50 MC-65a MT-63 45~65 3 50
37 60 TD100 63 MC-65a MT-63 45~65 3 50
45 73 TD100 80 MC-85a MT-95 54~75 5 50
55 88 TD100 100 MC-95a MT-95 70~95 5 50

(1) If "H" model is used instead of "HI" model for MMS, use without thermal relay.
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Coordination

2 . Machinery Selection Table for Type Il Coordination

] 2.1 Relation of Breaking Coordination between Contactor(Switch) and Breaker(MCCB for Protecting Motor)

H Motor Type2 coordination machinery selection table
circuit’s MCCB+MC, MMS+MC(480/500Vstandard)
coordination
MCCB N H L mgn(s:-smmm MMS-CI0H
TD100 30kA 50kA 65kA
MC MC
MMS S HI, H ToR {
MMS-32 38kA 50kA
MMS-63 10kA 35kA
Mort)z:Nr:rted MCCB, MMS te(xzc(igr Thermsleg\)/lerload Sh(_)rt circuit_
breaking capacity
kw ey Type (1) | Rating Type | Type (1) ES gg‘ngt
500V (A) (A) Ir(kA) | la(kA)
0.06 0.16 MMS-32HI 0.25 MC-9a(b) MT-12 0.16~0.25 1 30
0.09 0.24 MMS-32HI 0.25 MC-9a(b) MT-12 0.16~0.25 1 30
0.12 0.32 | MMS-32HI 0.4 MC-9a(b) | MT-12 | 0.25~0.4 1 30
0.18 0.48 MMS-32HI 0.63 MC-9a(b) MT-12 0.4~0.63 1 30
0.37 0.88 MMS-32HI 1 MC-9a(b) MT-12 0.63~1 1 30
0.55 1.2 MMS-32HI 16 MC-9a(b) | MT-12 1~1.6 1 30
0.75 15 MMS-32H| 1.6 MC-9a(b) | MT-12 1~1.6 1 30
1.1 2.2 MMS-32H| 25 MC-9a(b) | MT-12 1.6~2.5 1 30
15 2.9 MMS-32H| 4 MC-18a(b) | MT-12 2.5~4 1 30
2.2 3.9 MMS-32H| 4 MC-18a(b) | MT-12 2.5~4 1 30
3.0 5.2 MMS-32H| 6 MC-18a(b) | MT-12 4~6 1 30
4.0 6.8 MMS-32H| 8 MC-32a MT-32 5~8 1 30
5.5 9.2 MMS-32H| 10 MC-32a MT-32 7~10 1 30
7.5 124 | MMS-32HI 13 MC-32a MT-32 9-13 3 30
11.0 176 | MMS-32HI 22 MC-40a MT-32 12~18 3 20
15.0 23 MMS-32H| 26 MC-40a MT-32 18~25 3 20
18.5 28 MMS-32H| 32 MC-40a MT-32 24~36 3 20
22 33 MMS-63H| 40 MC-50a MT-63 24~36 3 10
30 44 MMS-63HI 50 MC-50a MT-63 34~50 3 10
37 53 TD100 63 MC-65a MT-63 45~65 3 10
45 64 TD100 80 MC-65a MT-63 45~65 5 10
55 78 TD100 100 MC-85a MT-95 63~85 5 30

(1) If "H" model is used instead of "HI" model for MMS, use without thermal relay.
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Standards

1. Verification Organizations and Standards

] 1.1 Power Testing & Technology Institute (PT&T)

W Standard
certification

W Test
organization
certification

LSIS Co., Ltd.

PT & T was established by LSIS, a Korean heavy electric machinery manufacturer. We have built
the first short circuit test facility, high voltage test facility, reliability facility and revision/correction
facility of 1600MVA capacity. We have a target of technology development for product
performance and reliability improvement, technical specialties in tests and evaluation tasks
and fair management. These goals are especially important as an international public test
organization and correction organization recognized by KOLAS, we contribute to technological
development in the heavy electric machine industry and strive for competitiveness
improvement through evaluation of international levels and correction service.

KS Korea (Industry) Standard

IEC International Electrotechnical Commission

ES, PS Korea Electric Power Corporation Standards

KEMC Korea Electrical Manufactures’s Cooperative Standards
ANSI  American National Standards Institute

Etc.

The Power Testing & Technology Institute is recognized as test organization according to the 23rd
National standard fundametal law same law enforcement directive and international standard.
We are officially recognized national test center which shares test results with other
organizations such as UL(American Safety Standards) and CE(Eurpean Community
Assurance Mark) standard test and also cooperating with overseas test organization such as
KEMA of Netherlands , CESI of Italy.

Test cooperative organization : KEMA(Netherlands), CESI(Italy), UL(America) etc
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B 1.2 Standards

MW International

standards

B European
standards

IEC 60947-1

low voltage switch gear and control gear
« Partl : general regulations (NFC63-001)

IEC 60947-4-1

low voltage switch gear and control gear
- Part4 : contactor and motor starter
« Sectionl : electric machinery contactor and motor starter (NFC63-001)

IEC 60947-5-1

low voltage switch gear and control gear
« Part5 : control circuit device and switching element
« Sectionl : electric machinery control circuit device (NFC63-146)

IEC 60947-6-1

low voltage switch gear and control gear
« Part6 : multi-function device
« Sectionl : Automatic transfer switching device (NFC63-160)

IEC 60204-1

Electrical devices of industrial equipment
- Partl : general requirements (NFC79-130)

IEC 60204-2

Electrical devices of industrial equipment
« Part2: Item design, drawing, diagram, table and operating example
(Publication 204-1" Appendices Dand E)

EN 50 001

industrial low voltage switch gear and control gear
« range : General Requirements (NFC63-090)

EN 50 002

industrial low voltage switch gear and control gear
« range : Dimensions and Installation of contactor relay Hole (NFC63-091)

EN 50 003

industrial low voltage switch gear and control gear
« range : Dimensions and installation of motor contactor Hole (NFC63-092)

EN 50 005

industrial low voltage switch gear and control gear
« distinguishing number with element mark: general regulations (NFC63-030)

EN 50 011

industrial low voltage switch gear and control gear
+ element mark for specified contactor relay, distinguising number,
distinguishing character (NFC 63-031)

EN 50 012

industrial low voltage switch gear and control gear
+ element mark and distinguishing number for specified
contactor's sub contact point (NFC 63-032)

EN 50 022

industrial low voltage switch gear and control gear
« installation rail
+ 35mm width top hat rail of snap-on installation equipment (NFC63-015)

EN 50 023

industrial low voltage switch gear and control gear
« 75mm width top hat rail of snap-on installation equipment (NFC63-016)

EN 60 947-1

industrial low voltage switch gear and control gear
« Partl : general regulations (NFC63-001) + revisionAll

EN 60947-4-1

industrial low voltage switch gear and control gear
« Part4 : contactor and motor starter
+ Sectionl : electric machinery contactor and motor starter (NFC63-110)

EN 60947-5-1

low voltage switch gear and control gear
« Part5 : control circuit device and switching element
+ Sectionl : electric machinery control circuit device (NFC63-146)
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Standards

1. Verification Organizations and Standards

J 1.2 Standards

B National ‘ 1. Germany : DIN VDE 0660
standards Industrial low-voltage switch gear and control gear
Part 100 + general regulations (EN60 947-1)
- Part100/A11. revisionAl1l
Part 102 Electric machinery contactor and motor starter (EN60 947-4-1)
Part 200 Control circuit device and switching element; electric machinery control
U circuit device (EN60 947-5-1)
2. France

UTE NFC 63-001

Voltage switch gear and control gear
- : general regulations+ revisionA11l (EN60 947-1 + A11)

UTE NFC 63-110

Voltage switch gear and control gear
« Part4 : contactor and motor starter
- Sectionl : electric machines contactor and motor starter (EN60 947-4-1)

UTE NFC 63-140

For control/sub circuit including control switch contactor relays
low voltage switching device
- Partl - Sectionl : general requirements

UTE NFC 63-146

Low voltage switch gear and control gear
- Part5 : control circuit device and switching element
« Sectionl : electric machinery control circuit device (EN60 947-5-1)

3. Switzerland: SEV Version

N° 1025

Safety and regulations for contactors

TP 17 B/2A-d

Motor protection and overload protection switch test’ s requirements
and conditions

TP 17 B/4A-d

Requirements and conditions of motor protection and overload
protection switch test’ s

4. England

BS 5424 (Part 1)

1000V a.c. and up to 1200V d.c.'s voltage control gear specifications

BS 4794

Including contactor about control circuit 1000V a.c. and up to 1200V d.c
switching device (Similar to IEC 337 Publication)

BS 4941

Motor starter about voltage of 1000V a.c. and up to 1200V d.c
(Similar to IEC 292 Publication)

5. Sweden

SS 428 0600

Switching device for maximum 1kV, standards investigation
« International Standards
« Switzerland Standards’ s effectiveness SS428 0600

LSIS Co., Ltd.
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2. Product Standards and Approvals

] 2.1 Product Standards

B Standards' The majority of products of LSIS adhere to international standards (Englands' BS, France's
suitability NF, Germany's DIN) and European standards(CENELEC) or, International Standards(IEC).

Product performance designed by this standard is defined in detail(KSC IEC 60947 about low
voltage device). Assembling facility, machinery system or installation adhere to product
standard is possible, when it is used according to technology rules or regulation with
manufacturer's intentions. (for example : IEC 204 related with electric devices which are used
in industrial equipment). LSIS can prove the suitability of manufacture to selected standards
by quality assurance system, and provide the following depending on requirements.

« Suitability declaration
« Suitability verification(KEMA, DEMCO, TUV)
« Approval verification and agreement with particular specifications and process

Standard Standard Name Country
Full name Abbreviation

ANSI American National Standards Institute ANSI USA

BS British Standards Institution BSI Great Britain

CEl Comitato Electtrotechnico Italiano CEl Italy

DIN/VDE Verband Deutscher Electrotechniker VDE Germany

EN Comite Europeen de Normalisation Electrottechnique CENELEC Europe

GOST Gosudarstyenne komitet Standartov GOST Russia

IEC International Electrotechnical Commission IEC JISC Worldwide

JIS Japanese Industrial Standard IBN Japan

NBN Institut Belgge de Normalisation NNI Belgium

NEN Nederlands Normalisatie Instittut JISC Netherlands

NFC Union Technique de I' Electricite UTE France

SAA Standards Association of Australia SAA Australia

UNE Instituto Nacional de Racionalizacion y Normalizacion IRANOR Spain
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Standards

2. Product Standards and Approvals

§ 2.1 Product Standards

B European
EN
standards

This is the certification of a related committee inside CENELEC membership countries (EEC
and EFTA), the techinical specification group is decided there and commonly agreed
European standards are established by majority vote. When they conflict with national
standards the chosen standards are abolished but otherwise they are combined with national
standards. European standards are currently combined with French standards and they have
initials such as NF, EN. According to the “Technical Union of Electricity” he French version of
European standards which adhere to (UTE) have two marks such as the following. European
reference (NF EN ...)and classification (C ...). They can also conform effectively to the French
version of standards NF EN 60947-4-1 and European standard EN60947-4-1 related with
electric motor and magnetic contactor, magnetic switch and, it takes UTE classification C 63-
110. These standards are the same as BS(British Standards) EN 60947-

4-1, or German standards DIN VDE 0660 Teil 102. In a rational case, European standards
reflect International standards(IEC) all the time. LSIS fulfils the requirements of the French NF
standard for essential aspects as well as other industrial countries requirements of automatic
system products and line installation devices.

B 2.2 Regulations

W European
directives

B The
importance
of the
CE Mark

LSIS Co., Ltd.

The product introduction into the European market means complying with regulations in each
membership country of the European Community. The purpose of European Directives are
removing obstacles which disturb the free circulation of products in the European Community,
membership countries should enact each directive with their national regulations and abolish
violating regulations at the same time. Here the directives related to specified techincal
contents are decided with the only purpose, they are called "essential requirements".
Manufacturers have the responsibility to guarantee that every method which can be applied to
specified directive regulation has been applied to the product. The manufacturer verifies with
general regulation the suitability about the directive's essential requirements of the product by
attaching the CE Mark. LSIS will keep attaching CE Mark continuously throughout the
transition period as indicated in French and Europian regulations.

The magnetic switch is suitable for export to Europe which is governed according to IEC
standards and is suitable for the Low Voltage Directive. The Low Voltage Directive which is
one of the European directives became compulsory in January 1997. The CE Mark is
attached to products to prove they adhere to European directives for the manufacturer, this is
ensures the product follows several European directives before it is circulated freely in the
European community.

+ Low Voltage Directive

- 73/23/EEC (original text)
- 93/68/EEC (revised text)

« Type of products to which it can be applied

Opperating products with 50~1000VAC/75~1500VDC, CE marking is hecessary because
it is the target of the low-voltage directive when it is individually exported to Europe.
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1. Low voltage directive countermeasure

1) CE Mark is necessary for circulation in EU regions with magnetic switch when it is
countermeasured to EC directive, in case of magnetic switch is used as a
component, but the magnetic switch as a part of an assembled product doesn't require
the mark when the CE Mark is marked to machine tool, control device. operational of the
third-party recognized product (recognized by KEMA) is recommended in 2), when
CEmark is affixed to a control device.

2) Magnetic switch's countermeasure as an individual export
Magnetic switch becomes the subject of the low voltage directive in case of individual
export inside of EU regions, the low-voltage directive is implimented with module A and
suitability certification is basically done by self-declaration.

Applicable product standards are as follows:

EN60947-1 Control device general standards
EN60947-4-1 Magnetic switch standards
EN60947-5-1 Sub-relay standards

The magnetic switch's basic type is a standard, it is suitable for low-voltage directive.

3) Third-party recognition (KEMA recognition) aquisition type
When CEmarking to machine tools, control device, operational of magnetic
switch of third-party recognized product(KEMA recognition) is recommended as
a component for assembly. Magnetic switch aquires KEMA recognition.

2. Other

Machine directives' countermeasure of magnetic switch

Magnetic switch is a part used with machine tools, control devices, it is an exeception for
machine directives. operational of magnetic switch of the third-party (KEMA recognition) is
recommended in case of affixing the CEmark to machine tools control device. Magnetic
switch has aquired KEMA recognition.
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Standards

2. Product Standards and Approvals

B 2.2 Regulations

B KEMA
certifi
cation

The domestic committee, Netherlands Electrotechinical Committee (NEC) of IEC and
CENELEC in The Netherlands is working in the electronic technical field in cooperation with
Netherlands Normalisatie Instituut (NNI) through KEMA(KEURING VAN
ELECTROTECHNISCHE MATERIALEN : Netherlands electricity test center) in the
Netherlands. KEMA is a private corporation which was established to take responsibility for
power supply in 1927, for the purpose of investigation of power supply, and testing and
checking of electric products in the center of the supply community. KMA currently has two
R&D centers, is investigating/ pursuing R&D of testing for electric power devices, safety
testing of electric heaters, close examination chemical service of electrical standards and all
other electricity related fields.

] 2.3 Approvals

LSIS Co., Ltd.

Some countries demand approval of specified electric devices by law, a certificate of approval
is issued by a public test organization in this case. Each product should have a related quality
label as required.

Standard Full Name Country
ASE Association Suisse des Electriciens Switzerland
CSA Canadian Standards Association Canada
DEMKO Danmaarks Elektriske Materielkontrol Denmark
FI Sankotarkastuskeskus Elinspektions Centralen(SETI) Finland
Underwriters Norges Elektriske Materiellkontroll Norway
UL Underwriters Laboratories USA

UL

The magnetic switch is well suited for export to North America because it has aquired
certification from American UL Standard(UL508). We need to be careful with the issued
approval from UL(Underwriters Laboratories), because there are two levels of approval. UL is
an American organization enacting UL safety standards, testing for safety recognition
according to the standard, and issuing certificates and approving labels to the qualifying
products. The UL recognized label is applied nationwide in America, UL recognition is
required in some major cities, so UL approval is necessary when exporting machinery, control
units, and other equipment to America. The magnetic switch has aquired UL part recognition
or UL product listing corresponding to control unit UL standard(UL508), so it can be used in
control unit equipment exported to America. About UL : UL is a non-profit committee
established by the American Insurance Company in 1894. Currently, it' s purpose is for
protection of property and human life from accidents such as fire, robbery, eletrocution, etc.
They do this through:

1. Enactment of standards for safety.
2. Individual product tests based on standards.

3. As it is the oldest, largest authority for safety testing in the world it handles the publishing of
test results for insurance dealers, government agencies, related communities and general
consumers etc. It publishes devices, products, and materials which have UL approval in an
annually issued Product Directory, and permits applying the approval mark to approved
products of manufacturers.

250



m UL
approval
mark

Listed Mark Electrical Construction | * Itis called recognition, given to
Materials (electric product as grouped product which is
Listing ‘é'l- construction common available to sell to user and use.
LISTED name : UL Green Book) | . white card is issued to manufacturer.

Recognition Mark | Recognized Component | « Itis called condition recognition, can be

R i @ (recognized product given to combined and assembled
S el “ common product with other devices.
name : UL Yellow Book)

» yellow card is issued to manufacturer.

B UL/CUL
approval
mark

« Listing for both America, Canada

Listing Listed Mark c l.gll. us « UL standard recognition by test
LISTED organization UL

« Recognition for both America and Canada

. B \ « UL, CUL standard recognition by
Recognition Recognition Mark 0 US test organization UL

« CUL standard product recognition
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2. Product Standards and Approvals

] 2.3 Approvals

B Marine
classification
authorities

LSIS Co., Ltd.

In case of operational in electric devices intended for a marine environment, pre-approval
is generally required from specified marine classification authorites:

Standard
abbreviat
ion Mark

Standard name

Scheme

LR

Lloyds register
of shipping
(english Lloyds
Marine classification
Association)

« Itis a standard of Lloyds Marine Classification Association with
headquarters in London, it has a tradition as classification for
marine.

+ Regarding automatic devices used for UMS(Unmanned ship),
it has recognition system in the center of environmental test,
recognized product is added in the annual recognized list from
Lloyds Association.

BV

Bureau verilas
(french bureau verilas
marine classification
association)

« French marine standard control devices need to be BV
recognition acquired products used by AUT with taking approval
system for control devices added to the recognition system of
circuit breakers like LR standard.

GL

Germanischer lloyed
(german lloyd marine
classification association)

« It is a standard of marine classification association with
headquarters in Hamburg Germany, it has nothing to do with
English Lloyd's. There are two methods of recognition, the mark
below the left hand side in case of unconditional passing, mark is
recognized above the left hand side in the case of conditional
passing.

NKK

Japanese marine
classification association

« It is stipulated to recognize by a type test about fuse, breaker,
explosion-proof machine, magnetic contactor and cables under
600V.

« It takes recognition test when it is admitted to be suitable by
investigating real conditions of entire process's quality
management including material, manufacturing method, and
investigation standards of company. We can mark the recognized
number with the same kinds and shape of product as a recognized
product, if it passed the test. Expiration period is four years,
recognition system in the center of the environmental test about
control devices used for automation of engine room is taken in
the near future.

Standard

Full name Country

BV

Bureau Veritas

France

DNV

Det Norske Veritas

Norway

GL

Gemanischer Lloyd

Germany

LR

Lloyd’ s Register of Shipping

Great britain

NKK

Nippon Kaiji Kyokai

Japan

RINA

Registro Italiano navale

Italy

RRS

Register of Shipping

Russia
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3. KSC IEC60947-4-1 Standard Description

Item Standard description contents

Device with main contact of which rated voltage doesn't exceed
AC1000V, DC 1500V.

Application range

Minimum unbroken distance interval
Rated Unbroken distance interval of equipment depends on long-term stress

insulated
voltage of Degree of Degree of Degree of Degree of
equipment | contamination contamination contamination contamination
or
operational | 1 ‘ 2 ‘ 1 2 3 4
voltage - - : :
ACRMS |Material Class| Material Class Material Class Material Class
value or DC
(V) Note4  [Note2 |Note3| Note2|Notel | Il | llla | b | | | Ma | b | | | lla | b
10 0025|004 | 008 | 04 | 04 04 111 1 16 | 16 | 16 |Note4

125 0025 | 004 | 009 | 042 | 042 042 105 | 105 106 16 | 16 | 16
16 0025|004 | 01 | 045 | 045 045 11 | 11 11 163 | 16 | 16
20 0025|004 | 011 | 048 | 048 048 02 | 12 12 16 | 16 | 16
25 0025|004 |0125| 05 | 05 05 025 | 125 125 14 1 17 | 17

R 0025|004 | 024 | 053 | 053 | 053 03 | 13 13 18 | 18 | 18
40 0025 | 004 | 016 | 056 | 08 11 04 | 16 18 19 | 24 | 3
50 0025 | 004 | 018 | 06 | 085 12 05 | 17 19 2 | 25| 32
63 004 |0063| 02 | 063 | 09 125 06 | 18 2 21 | 26 | 34
80 0063 | 001 | 022 | 067 | 095 13 07 | 19 21 22 | 28 | 36
100 01 016|025 |07 | 1 14 08 | 2 22 24 | 30 | 38
125 016 | 025 | 028 | 075 | 105 15 09 | 21 24 25 |35 | 4
160 025 | 04 |03 | 08 | 11 16 2 | 22 25 2|45
200 04 | 063|042 | 1 | 14 2 25 | 28 32 4| 5 |63
250 05 | 1 | 056|125 | 18 25 32 | 36 4 5 63| 8
320 075 | 16 | 075 | 16 | 22 32 4 | 45 5 63| 8 | 10
Unbroken 400 1121|228 4 5 | 56 63 8 | 10 | 125
distance 500 03| 25|13 |25 |36 5 63 | 71 80 10 | 125 16
630 08 | 32|18 |32|45 63 8 | 9 10 25)16 |2
800 24| 4 | 24| 4 |56 8 10 | 11 [ 125 [Nowed| 16 | 20 | 25
1000 325|325 |11 10 25| 14 | 16 05| R
1250 42 1 63| 9 125 6| 18| 2 5| 2|40
1600 56| 8 | 1 16 0| 2| 2|20 |5
2000 75 | 10 | 14 20 %5 | B | R 0 | 50 | 63
2500 10 | 125 18 %5 2| 3% | 40 50 | 63 | 8
3200 25| 16 | 2 k) 0| 45 | 50 63 | 8 | 100
4000 6| 20|28 Q0 50 | 5% | 63 8 | 100 | 15
5000 0| 5| % 50 63| 71 | 80 100 | 125 | 160
6300 5| 2|5 63 80 | % | 100 125 | 160 | 200
8000 R |20 | 5% 80 100 | 110 | 125 160 | 200 | 250
10000 0% |7 100 125 | 140 | 160 200 | 250 | 320

(Note 1) Class 1, 2, 3a, 3b which are likely to pursuit are reduced by the condition of 10.8 of IEC 60664A.

(Note 2) Material class I, II, llla, lllb

(Note 3) Material class |, II, llla

(Note 4) Unbroken distance is not set up in this region. Material class 3b is not generally recommended to apply
to degree of contamination 3 and 4 under 630V.

(Note 5) Exceptionally, the unbroken distance compatible to the lower value, 125, 400, 630, 800Vcan be
used in case of rated insulation voltage 127, 208, 415, 440, 660/190 and 630V.

(Note 6) This given value is applied to the unbroken distance of printed wiring materials from these two columns.

Referencel) Tracking or Decay are not expected to occur in the insulation belonging to the working voltage under
32V. But electrolytic decay possibility should be considered, so the minimum unbroken distance
is stated for this reason.

Reference2) The voltage value is selected with the serial R10
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3. KSC IEC 60947-4-1 Standard Description

Item

Standard description contents

Separation
distances

Minimum separation distance in the air

Minimum separation distance (mm)
Rated impulse
. . A type nonhomogeneous B type homogeneous
withstanding S L S -
electrical field conditions | electrical field conditions
voltage
uimp(kV) Degree of contamination | Degree of contamination
1 2 3 4 1 2 3 4
0.33 001 02 | 08 | 16 | 001 | 02 | 08 | 16
0.5 0.04 0.04
0.8 0.1 0.1
15 0.5 05 0.3 03
2.5 15 0.6
15 15 0.6 12
4 3 | 3 12 1 12
3 .
6 35 3 2 )
8 8 53 35 3 3 4.5
8 8 > 3 | 45
12 14 g | 45 -
14 14 45
14

Reference) The minimum separation distance in the air is based on impulse
voltage, 1.2/50ms barometric pressure of 80kpa such as normal air pressure at
2000m above sea level.

Rated impulse
withstanding
voltage and
switching
overload
voltage

Manufacturer can declare rated impulse withstanding voltage (Uimp).
Recommended value (kV) : 0.33, 0.5, 0.8, 1.5, 2.5, 4, 6, 8, 12

Insulation distance is the first attached tag 13, 15 incase of declaration, and the device
shouldn't generate switching overload voltage higher than rated impulse withstanding
voltage. Or impulse withstanding voltage test of transfer test implies the duty.

Rated operational
current or
rated operational
power

Rated operational current is indicated including protection type by rated operational
voltage, open current, closed thermal current, rated current of overload relay, rated
frequency, rated duty, rated load type and enclosure. The manufacturer should
necessarily prepare the relation indication of current and power in case of switching
of each electrical motor.

Open thermal
current

The open thermal current in an eight hour duty should be at least the same as the
maximum value of the rated operational current of the open-type device.

Closed thermal
current and
insulation
distance

A closed-type thermal current in an eight hour duty shouldn't be less than the
maximum value of the rated operational current of closed-type equipment.
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Iltem

Standard description contents

Rated continuous

Current flow for more than eight hours without breaking, and

current under the condition without current flow

AC-1 Non-inductive or low conductive load DC-1 Non-conductive or low-

resistance furnace. resistance furnace. conductive load
resistance furnace

AC-2 Wound rotor type motor: start, stop DC-3 Shunt motor: start, plugging,
inching, stop, dynamic suspension

AC-3 Squirrel-cage motor: during starting, DC-5 Series motor: start, plugging,

driving driving inching, dynamic suspension

AC-4 Squirrel-cage motor:driving, DC-6 Incandescent lamp switching

plugging,inching

Operational AC-5b Incandescent lamp switching
load type AC-6a Transformer switching

AC-6b Condenser bank switching

AC-7a Low-inductive load in home

appliances or other similar cases

AC-7b Electrical motor load for home

appliances

AC-8a Hand-reset type overload sealed

type Freezing compressor motor control

AC-8b Automatic reset type overload sealed

type Freezing compressor motor control

SWItChmg Driver: 1, 3, 6, 12, 30, 120, 300, 1200(times / hour)
frequency

(intermittant duty)

Contactor: 1, 3, 12, 30(times / hour)

The characteristic of the sub-contact or sub-switch follows the requirements

Sub circuit IEC60947- 5 (please refer to part 1).
Trip Class Driving time at 720% current of set current Tp(s)
Thermal 10A 2<Tp=10
overload 10 4<Tp=10
relay 20 6<Tp=20
30 9<Tp=30

Cooperation
with short circuit
protection
device (SCPD)

Confirmation of protection cooperation is required depending on short-circuit test at the
part indicated type, rating, characteristic of SCPD
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3. KSC IEC 60947-4-1 Standard Description

Item

Standard description contents

Temperature
Increase

Main circuit of contactor or starter at ON position are implemented with combination
overcurrent trip device. Every sub-circuit flowing common current, load at maximum
rated operational current, applied control circuit are excited to rated voltage. It should
not be over temperature increase as in the following table, should flow the following
current. In case of continuous duty : open thermal current or closed current In case of
continuous duty intermittent temporary duty : related rated operational current

Temperature increase (K)
Types
Thermometer method | Resistance method

copper 60 -
copper alloy 65 -
Terminal tinning copper, copper alloy 65 -
silver plating, nickel plating copper, or copper alloy 70 -

other (65) 70

A - 85

E - 100

aerial B - 110

Coil

F - 135

H - 160

hydraulic AEB - 60
manual control Metal 15 -

part
(holding part) Non-metal 25 -
Possible part contact but Metal 30 -
for connection no hold Non-metal 40 ;
commonly used in Metal 40 -
location without
human contact Non-metal 50 -
. . . Insulation temperature rating
Other Insulation material follows the reference IEC 6008

Operation

Starter shouldn't be tripped by the shock during rapid three-time operation from normal
switching order, after starter using the contactor reaches thermal equilibrium by flowing
rated entire load current about maximum and minimum, both directions of thermal
relay when it can be controlled about standard surrounding temperature +20°C. The
contactor should be opened by tripping device operation as the closed circuit of
contactor in case of thermal overload relay equipped with stop and trip device.

Operation
Limit of
Contactor

1. Closed Circuit

After temperature saturation with continuous application of 100% Us to coil
at surrounding temperature 40°C, precisely possible for closed circuit at
86%~100% of Us(rated control power voltage).

2. Open Circuit

It is opened entirely at 75~20% of Us in AC, 75~10% in DC at the
surrounding temperature of -5°C(normally it can be verified by calculation
based on the value from surrounding temperature) and opened entirely.
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Item Standard Description Contents
1. The range of current flow to every pole
Evaluation
o Surrounding
Condition temperature Trip ) )
compensation Operation time
- class
none exIsts
A. Cold start 10 105 no operation for 2 hrs
B. Continuousfrom A| 12 12 operation within 2 hrs
10A | operation less than 2 min
. 10 operation less than 4 min
multiple|  C. Hot Start 15 15 perel ‘
of 20 operation less than 8 min
. 30 operation less than 12 min
setting
current 5 Tp<5s
10A 2<Tp<10s
D. Cold Start 72 72 10 4<Tp<10s
20 6<Tp=<20s
Overload 30 9<Tp=30s
thermal relay standard surrounding temperature | +40°C | +20°C

operating limit _ o _
2.2 Three-pole TOR operation characteristic range with two-pole current flow

condition Evaluation
Surrounding
temperature attch. | none | attch. | Trip Operation time

compensation
Open phase detection| none | none | attch.

3 pole | 3pole | 2 pole
1.0 10 | 10

class class

no operation

. A. Cold Start all
Multiple 1 pole for 2 hours
of 0.9
settlngt 2 pole | 2 pole | 2 pole
curren ; ithi
B. A continuous 132 1125 | 115 all operation within
1 pole | 1 pole | 1 pole 2 hours

0 0 0
Standard surrounding temperature | +20°C | +40°C | +20°C

Note) Connected wire size is chosen from the following test current
trip class 10A: 100% of setting current
trip class 10,20,30 : 125% of setting current

Test voltage is sine wave 45~65Hz, apply the following value in the table for one minute.

Rated insulation voltageUi(V) Withstanding voltage test voltage(rmsV)
Ui<60 1000
Withstanding 60< UI.§ 300 2000
voltage 300< Ui=690 2500
690< Ui= 800 3000
800< Ui < 1000 3500
1000< Ui = 1500 (DConly) 3500

Note) It is an exception when the manufacturer declares rated impulse with standard voltage value.
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Iltem

Standard description contents

Insulation
resistance

No regulation

Rated closed
circuit and
breaking
capacity

Rated closed-circuit breaking capacity condition depends on operational load type.

Type of Closed circuit and breaking condition
operational cos @ ON OFF | Operating
load Ilc/le | Ur/Ue | o /R | time(s) | time(s) |Cycle(times)
AC-1 15 1.05 0.8 0.05 (Notel) 50
AC-3 8 1.05 (Note2) 0.05 (Notel) 50
AC-4 10 1.05 (Note2) 0.05 (Notel) 50
DC-1 15 1.05 1.0ms 0.05 (Notel) | (Note3)
DC-5 4 1.05 15.0ms 0.05 (Notel) | (Note3)
Type of Closed circuit condition
operational ON OFF | Operating
load lc/le U/Ue | cosg time(s) | time(s) |Cycle(times)
AC-3 10 1.05 (Note2) 0.05 10 50(Note4)
AC-4 12 1.05 (Note2) 0.05 10 [50(Noted)

I : closed circuit, Ic :closed circuit breaking current, le :rated operational current, U:applied voltage,
Ur : Commercial frequency or DC reset voltage, Ue : Rated operational voltage

Note 1) Relation between breaking current and off time

Breaking current Ic (A)

OFF time (sec)

lc =100 10
100<Ic= 200 20
200<1c=300 30
300< Ic= 400 40
400< Ic= 600 60
600< Ic= 800 80

800< Ic=1000 100
1000< Ic= 1300 140
1300< Ic= 1600 180

1600< Ic 240

Note 2) le<100A:0.45 le>100A : 0.35

Note 3) One-sided polarity : 25 times, counter-polarity : 25 times

Note 4) 1.1Us:25 times, 0.85Us : 25 times

Operation
characteristics

Regulated operation characteristic of closed circuit, breaking conditions

about operational load type.

Operational Test condition of closed circuit and Breaking .
loadtype | Ic/le | Ur/Ue g?ﬁ/g tirgg‘(s) tig';l(:s) c?c‘?eeiﬁﬂ?e@’s)
AC1 1 1.05 0.8 0.05 (Notel) 6000
AC3 2 1.05 (Note2) 0.05 (Notel) 6000
AC4 6 1.05 (Note2) 0.05 (Notel) 6000
DC-1 1 1.05 1.0ms 0.05 (Notel) |50(Note3)
DC5 25 1.05 7.5ms 0.05 (Notel) |50(Note3)

Notel) Note 2)Same as closed circulit, closed circuit capacity table
Note 3) One-sided polarity : 3000 times, Counter- polarity 3000 times
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Item Standard description contents
1. Mechanical Durability
Verified with special test
Condition : 1) Unloaded switching
2) Applying rated voltage, frequency at control coil
3) Switching frequency is countermeasured type
4) No part replacement
Result : Contactor, thermal overload relay satisfies performance limit test.
at room temperature, no wire loosening. Statistically one out of the following
two tests is implemented
» Single 8 test : 8 product test,passing when there are less than two product failures
+ Double 3 test : 3 product test, failure if there are more than two product failures
If additional 3 products are passed, in case of 1 failure, it passes
The recommended value of operation times(1,000,000 times)
- 0001, 0.003, 0.01, 0.03,0.1, 0.3, 1, 3, 10
2. Electrical Durability
Verified with special test.
Attaching countermeasured condition depends on operational load type
Durability mechanical durability condition is 2) 3) 4) except for operational load type test condition
are as follows
Operational|  Rated Closed circuit Breaking
load  [Operational
type current I/le U/Ue | Powerfactor | Ic/le Ur/Ue | Power factor
AC-1 Total 1 1 0.95 1 1 0.95
le< 17 6 1 0.65 1 0.17 0.65
AC-3
17<le 6 1 0.35 1 0.17 0.35
le<17 6 1 0.65 6 1 0.65
AC-4
17<le 6 1 0.35 6 1 0.35
Operational|  Rated Closed circuit Breaking
load  [Operational , ,
type current I/le U/Ue |timeconstant| Ic/le Ur/Ue | time constant
DC-1 | entirely 1 1 1ms 1 1 1ms
DC-5 | entirely 25 1 7.5ms 25 1 7.5ms
Result
Contactor or starter after test should endure within the voltage twice that of rated
operational voltage Ue satisfying operation limit test (minimum 900V).
AC-3 or AC-4 contactors should endure the given overload current from the following.
Test implements with arbitrary voltage, contactor starts the test at room temperature.
Overload Verify that 'the cgntgctor after test is in the same condition as before the test with a
.. naked eye investigation.
current limit
quantity of Rated operational current Test current “r” Test time
contactor le < 630A 8 X le max/AC-3 10s
630A< le 6 X le max/AC-3 *) 10s

* Minimum value is 5040A
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Standard description contents

A contactor with a backup to a short circuit protection device and short circuit current
at the regular condition part of starter should be verified by short circuit test.

Estimated current "r" of rated operational current

Cooperation
with short
circuit protection
device(SCPD)

1) Short circuit
condition part

c Estimated Estimated Estimated
current“r"kA current“r kA current“r’kA
0<le<16 1 315<1e< 630 18
16<1e<63 3 630< le< 1000 30
63<le< 125 5 1000< le< 1600 42
125< le< 315 10 1600< le * %

* If no AC-3 designation, rated operational current at maximum

*% According to agreement between manufacturer and user.
Coordination is distinguished type 1 or type 2

higher than "r" at rated condition part designated by manufacturer.

Type 1

Type 2

« It isn't harmful to humans

or the facility.

« It isn't harmful to humans
or the facility.

Performance . Part replacement and « Continuous operational
e aireig gisit?le a is possible (contact melting
P P : and fusion is allowed)
TeSt ONotel) CO Note2) O_CO
conditions |  test with each new product test with one new product
A. Arc detection fuse, no connection conductor heater fusing.
C. No damage to conductor, terminal and conductor should not
be excluded from the terminal.
D. No crack at insulating stand
H. Damage of main body is J. Main body damage is
Evaluation possible carry-out of part is impossible Contact melting

impossible

and fusion is possible

. It satisfies withstanding
voltage 2x

K. TOR's characteristic
satisfies characteristic
curve

Ue for one minute
(min1000V)

It satisfies withstanding
voltage 2x Ue for one minute

Note 1) Breaking by flowing current with protection device after circuit closing the main body contact.
Note 2) Breaking by flowing current with protection device after circuit closing the short circuit current at main body contact.

Degree of
contamination

Contactor and starter are used under the environment of degree of contamination
3 without designation by manufacturer. But, other degrees of contamination may be
applied depending on clean environmental conditions.
Contamination Level 3 : There is contamination with conductive characteristics. Or it
becomes conductive because of circuit disconnection, but normally dry non-conductive
contamination happens.
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Item

Standard description contents

Test sequence

Test Sequencel
(1) Temperature (2) Operation and operation limit
(3) Insulation characteristic (withstanding voltage)

Test Sequence Il
(1) Cosed circuit (2)closed circuit and breaking
(3) Performance characteristic [(1) is omitted when AC-1]

Test Sequence IlI

(1) Short Circuit Test
Starter which doesn't appear overcurrent operation cooperation between starter and
short-circuit protection device by type of SCPD, rating and characteristic can be
replaced with overload limit quantity test.

Test Sequence IV
(1) Overload current limit quantity

Terminal Mechanical terminal strength test, terminal curvature test, tensile test, ring shaped conductor
structure insertion test are necessary.
The manufacturer indicates that the maximum and minimum sectional area of conductive
part which is supplied to type(hard solid or flexible) and the number of conductors which is
possible to connect to the terminal at one time.
<ISO/AWG >
Test current ISO AWG
A mm? MCM
0<I=8 1.0 18
8<I£12 15 16
12<1£15 25 14
15<1£20 2.5 12
20<1=25 4.0 10
25<1=32 6.0 10
32<1<50 10 8
Connection 50< I< 65 16 6
capacity 65< 1< 80 25 4
80< 1= 100 35 3
100< 1= 115 35 2
115< 1= 130 50 1
130< 1< 150 50 0
150< 1= 175 70 00
175< 1= 200 95 000
200< 1= 225 95 0000
225< 1< 250 120 250
250< 1= 275 150 300
275< 1= 300 185 350
300< 1= 350 185 400
350< 1400 240 500
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Connection
capacity

Similar relation with 1SO of conductor sectional area and ISO sectional area except for

the size written above is applied on both tables refer to the following.

Standard sectional area of ring-shaped conductor

AWG / MCM
ISO Section (mm?) Size Related section

(mm?)

0.2 24 0.205

22 0.324

0.5 20 0.519
0.75 18 0.82

1 . .

15 16 13
25 14 2.1
4 12 3.3
6 10 5.3
10 8 8.4
16 6 133
25 4 21.2
35 2 33.6
50 0 53.5
70 00 67.4
95 000 85
0000 107.2
120 250 MCM 127
150 300 MCM 152
185 350 MCM 177
240 500 MCM 253
300 600 MCM 304

Reference) (-) from the table is calculated with the size considering connection capacity.
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