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1. OUTLINE 
 

1-1 TYPES OF STARTER, CONTACTOR AND THERMAL OVERLOAD RELAY  

The types of star ter, contactor  and thermal over load relay are listed below. 

 

Table 1. Applicat ions and types 

 Starter  Contactor  Contactor relay Thermal over load 

relay 

Applicat ion Start , stop and  

cont rol of motor.  

Protect ion of motor  

from burn ing due to  

over load and  

rest r ict ion.   

Start , stop and  

cont rol of motor .  

Used as starter in com- 

binat ion with  thermal  

over load relay. 

Used in  operat ing  

circuits of starter,  

contactor  , elect romagnet   

and solenoid va lve, and  

sequent ia l cont rol of  

automat ic operat ion,  

etc. 

Protect ion of motor  

from over load,  

rest r ict ion and  

single phase fa ilure. 

Types ･ With  enclosure         Non-reversible type 

                         Reversible type 

 

･ Without enclosure      Non-reversible type 

                         Reversible type 

 

･ With  push-but ton (with enclosure)  

 

･ With  saturat ion reactor   

･ With  mechanical inter lock  

 

･ DC operated type       Direct input coil t ype 

                         Double-coil t ype 

･ With  la tch  

･ Standard type  

 

･ With  twin contact  

 

･ With  la tch  

 

･ DC operated type  

･ 2-phase type  

(1E thermal over - 

load relay)  

･ 3-phase type  

(1E thermal over - 

1oad relay)  

･ For protection of  

over load and single  

phase fa ilure  

(2E thermal over load  

relay)  

･ With  saturat ion  

reactor   

･ Quick response type  

･ Quick response type  

2E 

 

 

1-2 STANDARDS FOR STARTER, CONTACTOR AND THERMAL OVERLOAD RELAY  

The main standards for  star ter , contactor  and thermal over load relay are as follows:  

(1) General standards  

Table 2. Genera l standards 

Name of 

country 

Name of standard Necessity of 

approval 

In ternat ional IEC 60947-4-1  

 

Low-voltage switchgear and control gear  

- Par t 4 : Contactors and motor-starters,  

Section 1-Electromechanica l contactors and motor-starters 

None 

J apan J IS C8201-4-1 Low-voltage switchgear and control gear  

- Par t 4 : Contactors and motor-starters,  

Section 1-Electromechanica l contactors and motor-starters 

None 
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J apan 

 

 

 

 

 

 

J EM 1038 

J IS C8201-5-1 

 

 

J EM 1356 

 
Elect r ica l Appli- 
ance and  
Mater ia l Safety  
Law ＜PSE＞ 

AC Elect romagnet ic Contactors  

Low-voltage switchgear and control gear  

- Par t 5-1 : Cont rol circuit devices and switch ing elements 

- Electromechanical cont rol circuit  devices 

Protect ive Relays of Thermal t ype and Electromagnetic  

type for  Induction Motors 

AC Elect romagnet ic Switches 

None 

None 

 

 

None 

 

Necessary 

U.S.A. NEMA ICS 

UL 508 

Industr ia l Cont rols and Systems 

Industr ia l Cont rol Equipment  

None 

Necessary 

Canada CSA C22.2 

No. 14 

Industr ia l Cont rol Equipment for Use in  Ordinary 

(Non-hazardous) Locat ions 

Necessary 

China CCC 

GB14048.4 

China Compulsory Cer t ificat ion Necessary 

 

 

(2) Standard for vessel 

Table 3. Standards for vessel 

Name of 

country 

Name of standard Necessity of 

approval 

J apan NK Regulat ions for  Steel Ships, Nippon Kaiji Kyokai Necessary 

U.K. LR Lloyd's Register of Shipping Necessary 

France BV Bureau Ver itas Necessary 

1-3 SERVICE ENVIRONMENT  

The performance of starter, contactor and thermal overload relay is guaranteed under the following normal service 

condit ion. Therefore, if they are compelled to be used under an adverse service environment different from the normal 

service condit ion, it  is necessary to take into considerat ion the condit ions given in paragraph (2).  

(1) Normal service condit ion  

(a) Ambient temperature:  -5℃ to 40℃ (Usable up to 50℃ without enclosure)  

(b) Relat ive humidity:     45% to 85%  

(c) Alt itude:              2,000m or lower   

(d) Condit ions free from abnormal vibrat ion and shock  

(e) Condit ions free from r isk of water or oil splash  

(f) Atmosphere free of corrosive gas, combust ible gas, dust , vapor , salt , etc. 
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(2) Adverse service environment   

(a) H igh ambient temperature:  

When the star ter  and contactor  are used at an ambient  temperature h igher  than the temperature of the normal  

ser vice condit ion , it  is  necessa r y t o t ake in t o cons ider a t ion  t he r educt ion of load cur r en t  les t  t he temperat u r e  

(am bien t  t em per a t u r e + t em per a t u r e r ise) of t he m olded pa r t  and  t er m ina l exceed t h e m a xim um  a llowable  

temperature and use of heat-resist ing wire.  

・ Maximum allowable temperature  

Phenol-resin molded part  : 115℃  

Terminal:                105℃  

(b) Low ambient temperature:  

The t r ipping cha r act er is t ic of t he t her m a l over load r elay cannot  be gua r an t eed a t  a  t emper a t u r e lower  t han  

-5℃ a nd  t he per for m a nce of s t a r t er  a nd con t a ct or  is  effect ed by cold  br i t t leness of m et a ls  a nd  insu la t in g  

m ater ia ls a t  such  a  t empera tu re. Ther efore, it  is necessa ry t o take in to cons idera t ion  heat ing by provid ing the  

inside of the board with a space heater  to ensure that the temperature there does not  fa ll below -5℃.  

H owever , when  t he st a r t er  and con t act or  ar e exposed tempora r ily t o a  low temper a t ur e du r ing t r anspor tat ion  

t o a  cold area, even such low temper at ures of -30℃ t o -40℃ are no cause for  concern. It  is necessar y, though ,  

to take measures against  deformat ion due to reverse bending of bimeta ls and br it t leness of insu lat ing mater ia ls,  

thus when placing an order, please inform us if t ranspor tat ion to a cold area is involved.  

(c) H igh humidity:  

In case of h igh humidity, there is the danger  of lower ing of insulat ion and decrease of the elect r ica l endur ance,  

et c. Accordingly, it  is necessar y to adopt  an  appr opr ia te protect ive st r uctu re and per form sufficient  ma int enance  

and inspect ion.  

(d) Adverse atmosphere:  

I f t he st a r t er  and cont act or  a r e used in  an  a tm ospher e con t a in ing m uch dust , cor r os ive gas, com bust ible gas,  

sa lt , etc., it  is necessar y t o pr ovide a  prot ect ive s t r uct u re wh ich  is dust -pr oof, cor r os ion-pr oof, explos ion -pr oof,  

etc.  

(e) P laces where vibrat ion and shock are great:  

The st ar t er  and cont act or  shou ld not  be inst a lled direct ly to a  m achine, equ ipm en t , et c. pr oducing part icu la r ly  

great  vibrat ion  and shock. If it  is unavoidable to insta ll in  such a  condit ion, a  vibrat ion isola t ing device shou ld  

be provided. 
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2. CONTACTOR  
2-1  STRUCTURE AND OPERATION  

2-1-1  Standard Type Contactor  

(1) St ructure  

The contactor  is roughly composed of the following 3 parts.  

(a) Part  of contact :         Par t through which a current  passes, and at  which a circuit is opened and closed.  

(b) Part  of elect romagnet:   Par t of power which moves the par t  of contact.  

(c) Part  of frame:          An external frame housing the contact and the elect romagnet  to const itute a protect ive  

(Case and cover)         structure for improving the safety, such as insu lat ion, etc.  

Moreover, the st ructure consists of the hor izonta l plunger  and the link  st ructure types as shown in the following 

table. 

 

Table 4. Hor izonta l plunger and link st ructure 

  Outline Features Frame used 

Horizontal plunger  ･ Working direct ions of the moving  ･ Simple structure   

 contact and moving core are    8C ～ 250C 

 hor izonta l.     

Link st ructure ･ Movement of the moving contact   ･ Light shock to   

  is hor izonta l.  mount ing board .  300C ～ 600C 

  ･ Movement of the moving core is  ･ Compact and   

  ver t ica l.  light  weight.    

The exploded view of H35 as an example of the horizonta l plunger type, and that of H300C as an example of  

the link structure are shown in  Fig. 1 and Fig. 2, respect ively. 
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F ig 1. H35 (Horizonta l Plunger type) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F ig 2. H300C (Link-st ructure) 
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(2) Operat ion  

 

Fig. 3 

 

When applying volt age to the coil, the elect romagnet  is excited and the moving core is a t t racted to the fixed core,  

t hen moves in  the dir ect ion  of t he a r row. The m oving cont act  linked to t he moving core com es in to con tact  with 

t he fixed contact  and closes the circu it . Then, cont act  pressure and cont act  over  t r avel ar e applied to the cont act 

by means of the contact  spr ing.  

When releasing the excitat ion of the coil, the moving core is separated from the fixed core, and the moving contact 

par ts from the fixed contact, and opens the circuit.  

The above movements are shown in F ig. 4: operat ion diagram.  

 

 

F ig. 4 Operat ion diagram 
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2-1-2 Features of Link St ructure 

When using the link st ructure for  a large-capacity model,  

・ the shock to the mount ing board given by the operat ion of the contactor becomes small;  

・ compactness and light weight  can be rea lized;  

・ contact  bounce produced when closing can be decreased.  

(1) What  is the link st ructure?  

The link st ructure is shown in  F ig. 5 , and is descr ibed below.  

・ A link connect ion is made so that  the contact  par t is able to operate hor izonta lly by keeping the working direct ion 

of electromagnet in para llel with  the mounting board surface. (Thereby, reducing the shock to the mount ing board).  

・ Compactness and reduct ion in weight  is achieved by placing the elect romagnet just  under the contact.  

As a result  of adopt ing such a structure, contact  bounce produced when closing is decreased, thus markedly im- 

proving the performance of large-capacity models.  

Fig. 5 Link st ructure 

 

(2) Shock of link structure products to mounting board  

Shocks in the case of hor izon ta l p lunger  t ype (t he con tact  and t he moving cor e m ove hor izonta lly in t he same 

direct ion) of small- and medium-capacity models and in  the case of link st ructure of large-capacity models are as 

shown in F ig. 7. It  can be seen from the graph that the shock even in the case of large-capacity models is less than 

6 t imes that  of H20. 

 

Fig. 7 Ratio of shock  

Fig. 6 Measurement  of shock                            (assuming that  the shock of H20 is 1)  

applied to board by operat ion of contactor   
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2-1-3 Latched Contactor  

 

Fig. 8 Open condit ion                               Fig. 9 Closed condit ion 

 

Latched contactor  has two coils, one is for closing and the other is for releasing. The st ructure of the la tched con- 

tactor  is shown in  F ig. 8 and Fig. 9. When the closing coil is excited, the moving core is a tt racted to the fixed core 

so that  it  moves in  the ar row A direct ion, and t he m oving cont act  linked t o the moving cor e comes in to con tact 

with  the fixed contact, then closes the circuit . At the same t ime, the rod linked to the moving core moves in the same 

d ir ect ion as t he moving core and t he concave of t he r od moves t o poin t  （a), t hen the m oving cor e of t he r elease 

elect romagnet  moves in the ar row B direct ion so as to engage with  the concave part . In th is state, the moving core 

of the closing elect romagnet  is mechanically held so that  even when reset t ing the excita t ion of the closing coil, the 

contactor  is st ill in closed condit ion.  

When the releasing coil is excited, the moving core of release electromagnet is a t t racted to the fixed core so that  it  

moves in  the direction of the ar row D shown in Fig. 9, and the moving core disengages from the concave of the rod.  

Then, the m oving cor e of clos ing elect r om agnet  m oves in the dir ect ion  of t he ar r ow C by t he force of the retu rn 

spr ing, and t he moving cont act  linked t o t he m oving cor e sepa r at es fr om t he fixed cont act , and s imu lt aneous ly 

the circu it  opens. The operat ing circuit  is shown in Fig. 10. 

 

 

 

F ig. 10 Operat ing circu it  

(Explanat ion)  

ON: Clos in g by m eans  of excit a t ion  of CC, wh ich  ca n be held  m e-  

ch a n ica l l y.  Aft e r  clos in g,  con t a ct  N O  is  in  "ON " s ta t e ,  a n d  

contact NC is in "OFF" state.  

OFF: Releas ing by m eans of excit a t ion  of TC. Aft er  r elease, con t act  

N O  r e t u r n s  t o "O F F " a n d  con t a ct  N C,  t o "O N ".  C on t a ct s  

NO and  NC a r e bu ilt  in . The expla na t or y figu r e sh ows a  case  

wher e t he power  s ou r ces  of ON  an d OF F a r e t he s am e. H ow- 

ever , even  if t h ey a r e d iffer en t , t h e s a m e ON /OFF  oper a t ion 

is possible. 

 

(Note) ON and OFF contacts should be interlocked.  

Remarks: CC: Closing coil  

TC: Releasing coil (Tr ipping coil)  
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F ig. 11 Direct input coil type                    Fig. 12 Double coil type 

 

(1) Direct input coil t ype  

Because of the temperature r ise of the coil, DC elect romagnet  is larger than AC one, thus DC operated contactor  

is h igher than AC operated one.  

(Operat ion)  

When the coil is excited, the moving core is a tt racted to the fixed core, and the moving contact linked to the moving  

core comes into contact with the fixed contact, then closes the circu it. When the coil is released from excited condi- 

t ion, the moving core separates from the fixed core and the moving contact par ts from the fixed contact , then opens  

the circu it .  

(2) Double coil t ype  

The dimension of double coil type DC operated contactor  is the same as that  of AC operated one. The double coil  

is a  coil which has 2 coils, closing coil and holding coil wound on the coil bobbin.  

(Operat ion)  

When a voltage is applied to the coil, a  current flows only to the closing coil, the moving core is a tt racted to the fixed  

core, and the moving contact linked to the moving core comes into contact with the fixed contact , then closes the  

circuit. A cur rent  flows to both the closing coil and the holding coil just before the moving core comes into contact  

with  the fixed core; the cur rent  is reduced by a large resistance of the holding coil, and as a result, the temperature  

r ise of the coil is cont rolled. The operat ing circuit is as shown in Fig. 13. 
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F ig. 13 Operat ing circu it  

 

 

 

(Explanat ion)  

(1) When  BSa  is closed, cu r r en t  flows as (＋) → BSS → BSa 

  → 52b → (CC) → (－)  and is  excited only a t  (CC) coil and  

picked up. 

(2) When picked up, the changeover 52b contact opens, cur rent flows 

as (＋)→ BSS → 52a → (HC) → (CC) → (－) and is excited at  

both coils HC and CC. After  pick-up, the internal resistance of  

(HC) is large in compar ison to that  of (CC) so cur rent  decreases  

and heat loss of the coil is reduced.  

Remarks :  CC : Closing coil  

HC : Holding coil

2-2  PERFORMANCE 

The performance of the contactor is guaranteed by carrying out  a test under the test ing condit ions set for th according  

to the standard and sat isfying the va lue specified therein. The test ing condit ions vary with  the types of loads, which  

are classified into categor ies from AC1 to AC4 as given in Table 5. 

 

Table 5. Utilizat ion categories (IEC 60947-4-1) 

Category Typica l applicat ions 

AC1 

AC2 

AC3 

AC4 

Non-induct ive or slight ly induct ive loads, resistance furnaces.  

Slip-r ing motors: Star t ing, plugging 1).  

Squirrel-cage motors: Star t ing, switching off motors dur ing running.  

Squirrel-cage motors: Star t ing, plugging 1), inching 2).  

1) By plugging, is understood stopping or reversing the motor rapidly by reversing motor  pr imary  

connect ions while the motor is running.  

2) By inching (jogging), is understood energizing a motor once or  repeatedly for  shor t  per iods to  

obta in small movements of the driven mechanism. 

 

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

・ Temperature r ise test   

・ Making and breaking capacit ies test   

・ Mechanica l endurance test   

・ Elect r ica l endurance test   

(1) Temperature r ise test  

When the temperature r ise becomes constant  after  the rated operat ional cur rent  or  rated thermal cur rent  has flowed  

to the main circuit and auxiliary circu it , the temperature r ise of each sect ion should be measured. The temperature  

r ise mentioned above must not  exceed the specified lim its given in Table 6 and Table 7. 
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Table 6. Temperature-r ise limits for insulated coils in air  (IEC 60947-4-1) 

Class of insulat ing mater ia l Temperature-r ise lim it  

(measured by resistance var iat ion) 

A 

E 

B 

F 

H 

85 K 

100 K 

110 K 

135 K 

160 K 

 

Table 7. Temperature-r ise limits for the var ious materia ls and parts (IEC 60947-4-1) 

Type of materia l 

Descript ion of par t  

Temperature-r ise 

lim it  (measured by 

thermocouple) 

Contact  parts in a ir  (main, cont rol and auxiliary contacts):  

- copper      uninter rupted duty 

eight -hour, intermit tent , or temporary duty 

- silver  or  silver -faced 

 

45 K 

65 K 

1) 

Bare conductors including non-insula ted coils 1) 

Metallic par ts act ing as spr ings . 2) 

Metallic par ts in contact with  insula t ing materia ls 3) 

Terminals for external insu lated connect ions 70 K 

1) Lim ited solely by the necessity of not causing any damage to adjacent  parts.  

2) The result ing temperature shall not  reach a va lue such that the elast icit y of the mater ia l is impaired. For  pure 

copper, th is implies a total temperature not exceeding +75℃.  

3) Lim ited solely by the necessity of not causing any damage to insu lat ing mater ia ls. 

 

When no cur rent is passed to the main and auxiliary circu its and opening and closing operat ions in Table 8 cor re- 

sponding to the intermit tent duty class are performed, the temperature r ise of the coil shall not exceed the lim its  

as given in  Table 6. 

Table 8. Operat ing condit ion (IEC 60947-4-1) 

Intermittent duty 

class of the 

contactor  

One close-open 

operat ing cycle 

every 

Interva l of t ime dur ing 

which the supply of the 

cont rol coil is mainta ined 

0.1 

0.3 

1 

3 

10 

300 s 

120 s 

30 s 

12 s 

3s 

180 s 

72 s 

18 s 

4.8 s 

1.2 s 

The class of insu lat ing mater ia l of coils is A or E and contactors sat isfy the requirement of Class 10 of Table 8.  
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(2) Making and breaking capacit ies  

The contactor is defined by it s making and break ing capacit ies in accordance with ut iliza t ion categor ies specified in  

Table 5.  

The tests concern ing the ver ificat ion of the making and breaking capacit ies of the contactor  are in tended to ver ify  

that  the contactor  is capable of making and break ing the cur rents stated in Table 9, and not  to ver ify the contact   

wear  over  long per iods of operat ion.  

The verificat ions of making capacity and break ing capacity are made as separate tests.  

1 . Making capacity  

The number  is 100:50 operat ions of which are made at 85% and 50 operat ions at  110% of the rated coil voltage.  

2. Breaking capacity  

The tota l number  of opening operat ions to be made is 25.  

Dur ing tests with in the lim its of specified making and breaking capacit ies and with the specified number of opera- 

t ions, there shall be no permanent  arcing, no flashover between poles, no blowing of the fuse in the ear th  circu it  and  

no welding of the contacts. 

 

Table 9. Condit ions for  making and breaking corresponding to the severa l ut iliza t ion categor ies (IEC 60947-4-1) 

Category Value of the rated 

operat ional current  

Make Break 

I/Ie U/Ue cosφ(1) Ic/Ie Ur /Ue cosφ(1)  

AC-1 

AC-2 

 

AC-3 

 

 

AC-4 

 

 

(All values) 

(All values) 

Ie≦ 17A  

17 A <  Ie ≦ 100 A  

Ie > 100 A  

Ie≦17A  

17 A <  Ie ≦ 100 A  

Ie > 100 A 

1.5 

4 

10 

10 

8 (2) 

12 

12 

10 (4) 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

0.95 

0.65 

0.65 

0.35 

0.35 

0.65 

0.35 

0.35 

1.5 

4 

8 

8 

6 (3) 

10 

10 

8 (2) 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

0.95 

0.65 

0.65 

0.35 

0.35 

0.65 

0.35 

0.35 

Ie; Rated operat ional cur rent              U; Voltage before make  

Ue; Rated operat ional voltage            Ur; Recovery voltage  

I;  Current made                     Ic; Current  broken.  

1) Tolerance for  cosφ: ±0.05  

2) With a minimum of 1000 A for  I or Ic.  

3) With a minimum of  800 A for  Ic.  

4) With a minimum of 1200 A for  I. 

 (3) Mechanica l endurance  

 With respect  to its resistance to mechanical wear, the contactor is character ized by the number  of no-load operat ing  

 cycles (i.e., without  cur rent  on  t he m a in  cont acts) wh ich can  be made befor e it  becomes necessar y t o service of  

replace any mechanica l parts.  

 The contactor  shall be insta lled as for  normal service; in par t icular, the conductors shall be connected in  the same  

manner  as for  normal use.  

 The coils of the cont r ol elect ro-m agnets  shall be supplied at  their  rat ed voltage and, if applicable, a t  their  ra t ed  

frequency.  
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The tests are car r ied out  at  the frequency of operat ions corresponding to the class of in termit tent  duty.  

Following t he t ests  of mechan ica l endur ance, t he cont actor  sha ll st ill be capable of complying wit h t he opera t ing  

condit ions. There shall be no loosening of the par ts used for  connect ing the conductors.  

(4) Elect r ica l endurance  

With respect  to it s resistance to elect r ica l wear , the contactor  is character ized by the number  of on-load operat ing  

cycles, cor responding to the service condit ions given in  Table 10 which can be made without  repair or replacement.  

 

Table 10. Condit ions for making and breaking cor responding to severa l ut ilizat ion categories (IEC 60947-4-1) 

Make Break Category Value of the rated 

operat ional current  I/Ie U/Ue cosφ(1) Ic/Ie Ur /Ue cosφ(1) 

AC-1 

AC-2 

AC-3 

 

AC-4 

 

(All values) 

(All values) 

Ie ≦ 17A 

Ie > 17A 

Ie ≦ 17A 

Ie > 17A 

1 

2.5 

6 

6 

6 

6 

1 

1 

1 

1 

1 

1 

0.95 

0.65 

0.65 

0.35 

0.65 

0.35 

1 

2.5 

1 

1 

6 

6 

1 

1 

0.17 

0.17 

1 

1 

0.95 

0.65 

0.65 

0.35 

0.65 

0.35 

Ie ; Rated operational cur rent             U ; Voltage before make  

Ue ; Rated operat ional voltage           Ur ; Recovery voltage  

I ; Cur rent made                        Ic ; Current broken  

 

1) Tolerance for  cosφ: ±0.05 

After the test, the contactor sha ll fu lfill the operating condit ions and withstand the dielect r ic test voltages. 

 

2-3 CHARACTERISTICS  

2-3-1 Voltage Allowable Range of Coil  

When the power-source voltage of the operating circu it  temporar ily var ies within a  range of -15% to +10% of the  

ra ted voltage of coil, the contactor operates without any t rouble. However , when the voltage constant ly becomes  

h igher  or  lower than the rated voltage, the following fa ilures may occur, so be sure to use the contactor a t the rated  

voltage .  

(1) Where the power source voltage is h igher than the ra ted voltage  

(a) As the coil becomes overheated, it s life may be shor tened and it  may be burnt. The electr ical loss of the operat ing  

coil increases in proport ion to approximately the square of the applied voltage, while the temperature r ise of the  

coil is approximately in propor t ion to the elect r ica l loss. Accordingly, if the power source voltage is 110% of the  

ra ted voltage of coil, the temperature of coil r ises approximately 20%. As a result , there is a possibilit y that  the  

life of the coil may be shor tened and the coil may be burnt.  

(b) The shock on closing becomes great and the mechanica l endurance is shortened, or the contact  jumps; as a result ,  

there is a possibilit y of increased contact  wear  and occurrence of welding. The h igher the voltage applied to coil,  

the greater the att ract ion. When the voltage increases by 10%, the at t raction increases by about  20%. Because of  

th is excessively st rong at t raction,  
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(i) the iron core of the electromagnet is damaged by a st rong shock, and the fat igue of molded par ts and pressed  

pa r t s becom es gr ea t er , wit h  t he r esu lt  t ha t  t he m echan ica l endur ance of t he con t act or  is shor t ened by  

approximately 50%.  

(ii) the contact increasingly jumps due to the strong shock and there is a  possibilit y of abnormal wear  and  

contact welding due to making and breaking of star ting cur rent of the motor .  

(2) Where the power source voltage is lower than the ra ted voltage  

When the power source voltage is low, it  nears the closing voltage (lower than 85% of the rated voltage) of the con- 

tactor. As a result, a case occurs wherein the elect romagnet is not at tracted to the fu llest extent because of varia t ion  

of voltage, voltage drop due to rush current  of coil, and the like, so that  the contact  flut ters and troubles may be  

caused including abnormal contact  wear  and contact  welding, or  burn ing of coil (because the rush cur rent of coil  

flows for a  long t ime).  

Moreover, the motor  may incur  fa ilures such as burning caused by cont inuous flow of star t ing cur rent.  

The star t ing cur rent of the motor causes voltage drop if the wire of the main circuit  is long or  fine, so the voltage of  

coil becomes lower  than 85% of the ra ted voltage, and the same phenomenon as above may take place ; a ttent ion  

should be pa id to th is point. The causes of voltage drop of power  source at  closing are shown in  Table 11 , so that  

they should be invest igated and measures against them taken. 

Table 11. Causes of voltage drop of coil power source 

Class Causes 

Main circuit  ･ The wire of main circu it  is fine, so the voltage is dropped by the star t ing cur rent   

of the motor .  

･ The wire of main circu it  is long, so the voltage is dropped by the star t ing cur rent   

of the motor .  

Operating circu it  ･ The wire of operat ing circuit  is fine, so the voltage is dropped by the rush cur rent   

of the coil.  

･ The wire of operat ing circuit  is long, so the voltage is dropped by the rush cur rent   

of the coil.  

･ The capacity of power  source transformer  for  operat ing circuit  is shor t, so the  

voltage is dropped by the rush cur rent of the coil. 

Power  source ･ The voltage regulat ion of power source is large. 

2-3-2 Operat ing Time  

Cited below are the items to which at tent ion should be paid when handling the closing and releasing t imes of the  

contactor .  

(1) Closing and releasing t ime  

The closing and releasing t imes of the contactor vary from 10 to 50 ms as shown in the cata log. This is due to the  

phase and value of voltage applied to the coil and the fr ict ion of the mechanical sect ion. Examples of these var iat ions  

are as shown in F ig. 14.  

Where it  is not desired that two elect r ica l signals are sequent ially lapped, the contactor is placed in the other circuit  

to create a t ime lag. However, th is t ime lag is not a st r ict  t ime difference, but one which is used as appropr iate when  

an approximate t ime lag is wanted.  

While, if this closing or releasing t ime is used in place of a t imer to get the accurate t ime lag, no degree of accuracy  

can be expected because of the above-ment ioned var ia t ion from 10 to 50 ms. At tent ion, therefore, should be pa id  

to th is point .  
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Fig. 14 Example of closing t ime 

 

(2) Difference between AC and DC operat ions  

The closing t ime of AC operated contactor and the double coil t ype DC operated one is short , and that of the direct  

input t ype DC operated one is long. This is because the former flow a large cur rent at  closing and perform at tract ion  

with  a st rong force, and after  closing, the large cur rent  is changed to a small cur rent . The releasing t ime of DC  

operated contactor  is longer  than that  of AC operated one. 

 

2-3-3 Suppression of Coil Surge Voltage 

Genera lly, in the semi-conductor circuits, an externa l noise generated near them may cause an unexpected malfunc- 

t ion. When operat ing the contactor , especia lly when cut t ing off the excit ing cur rent  of coil, the coil generates a  

sharp surge voltage with  the result  that  the peak voltage may reach higher than 4kV and the frequency, h igher than  

5kHz. This is radiated as noise to the outside, and it  is difficult to prevent such noise even if a  protect ive element is  

placed in the semiconductor circuit . Therefore, it  is necessary to take measures against occurrence of noise from the  

coil. Connect  coil surge absorber  including condenser  and resistor  in ser ies to the coil of the contactor  in parallel.  

Then, the noise generated from the coil when cut t ing off the excit ing cur rent can be reduced Coil surge absorber is  

shown on cata logue page 42 and 43. 
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2-3-4 Power  Consumpt ion 

When ca lculat ing the in-board temperature r ise of the cont rol board, switchboard, etc., the power  consumpt ion of  

the equipments used must be considered. The power consumpt ion of the star ter and contactor is given in Table 12.  

Table 12. Power consumpt ion 

Power  consumpt ion (W) Frame Contact  

resistance 

(mΩ) 

contactor  star ter  

Condit ion of cur rent  

(Rated operat ional 

cur rent ) 

H8C～12 

HS8,HS10 3.8 ～ 8.1 6 10 12 

H20,HS20 3.6 ～ 5.2 10 14 20 

H25,HS25 2.9 ～ 4.3 13 16 26 

H35,HS35 1 .7 ～ 2.5 14 22 35 

H50,HS50 1 .6 ～ 2.2 23 30 50 

65C 0.6 ～ 1.2 22 37 65 

80C 0.6 ～ 1.0 29 44 80 

100C 0.6 ～ 1.0 40 55 100 

125C 0.6 ～ 1.0 57 72 125 

150C 0.3 ～ 0.6 48 63 150 

200C 0.2 ～ 0.5 57 61 180 

250C 0.2 ～ 0.5 95 99 240 

300C 0.2 ～ 0.4 118 122 300 

400C 0.2 ～ 0.4 202 206 400 

600C 0.2 ～ 0.4 446 450 600 

Remarks: 1. The contact resistance was measured between the terminals of the power source and  

the load sides after the 50 thousand cycle elect r ica l endurance test.  

2. The power consumpt ion of the contactor represents the sum of power  consumption  

of the cur rent -flowing section and the coil, and the power consumpt ion of the star ter   

represents the sum of power consumpt ion of the contactor and thermal over load relay.  

 

2-3-5 Endurance to Over-current  

When the squirrel-cage motor is direct-on-1ine started, a star t ing cur rent  of 5 to 6 t imes the ra ted cur rent  flows for  1  

to 2 seconds, and in some of the load types, such a current may flow for longer than 5 to 6 seconds. The thermal  

over load relay works at over load and the circuit  is broken, during which an over-cur rent exceeding the rated cur rent  

flows. Accordingly, it  is necessary to select the starter, fuse, breaker, etc. cor responding to the load character ist ics,  

and also to know the endurance to over -current.  

In  F ig. 15, t hey indicat e t he a llowable t imes for  wh ich  t he con t actor  can  be cont inuous ly used a lt hough  the  

temperature r ise of contacts is more than the specified va lue in  standard. Note that after the large cur rent  flows, a t ime  

interval of more than 2 hours should be provided.  

(Note: The endurance to over -cur rent does not  depend on power  source voltage.)  
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F ig. 15 Endurance to over-cur rent  

 

 

2-3-6 Vibrat ion-proof Character ist ics  

When a st rong vibrat ion is applied to the mount ing board, the contacts of the contactor and the thermal over load  

relay may cause malfunct ion. Therefore, t ry to prevent  vibrat ion to the mount ing board by a ll means.  

The malfunct ion lim its of starter, contactor and thermal over load relay are over  2 (g).  

Vibrat ion accelerat ion (g) = 0.002 × (Frequency (Hz))2 × Double amplitude (mm) 
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2-4 APPLICATION AND SELECTION  

The contactors should be selected according to the types of their loads. The loads are classified in IEC60947 as shown  

in  the following table, and include those of the transformer, condenser, etc. in other  category. Table 13 provides  

references for the select ion of contactors. 

 

Table 13. Reference for  selection 

Category Typica l applicat ions Select ion 

AC1 Non-induct ive or slightly induct ive  

load, resistance furnaces 

Refer to 2-4-3. 

AC2 Slip-r ing motors :  

Start ing , plugging 

The same as paragraph 24-l  

un less plugging is included. 

AC3 Squirrel-cage motors :  

Start ing, switch ing off motors  

dur ing running 

Refer to 2-4-1. 

IEC 

60947-4-1 

AC4 Squirrel-cage motors:  

Start ing, plugging, inching 

Refer to 2-4-2. 

DC load Refer to 2-4-4. 

Star-delta starter  Refer to 2-4-5. 

Condenser load Refer to 2-4-6. 

 

Opening/closing of pr imary side of  

t ransformer  

Refer to 2-4-7. 

 

 

2-4-1 Applicat ion of AC3  

(1) Standard for select ion  

When controlling the motor by the contactor , the load current  shown in Fig. 16 flows, so a contactor cor responding  

to th is cur rent is selected. The key points of the select ion are given in Table 14 according to the main items. 

Fig. 16 Motor current  
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Table 14. Select ion of star ter  and contactor for  motor (As to main items) 

General standard for select ion Item 

Motor  Starter and 

contactor  

Standard for  

select ion 

Evaluat ion 

Elect r ica l  

endurance 

Start ing current : Is  

Load current: If 

Rated operat ional  

cur rent : I 

Is ≦ 6I  

I f ≦ I 

 

Elect r ica lly a llowable  

performance for  

the rush cur rent and  

accident cur rent   

which rarely occur. 

Rush current and  

a llowable accident   

cur rent: IR  

 

Making  

capacity: Im 

Breaking  

capacity : Ib 

I R ≦ Im 

 

I R ≦ Ib 

･ When IR> Im, the  

contact may be welded.  

･ When IR > Ib, breaking  

may become impossi- 

ble . 

Mechanical  

endurance 

Start  / stop  

frequency: n  

Necessary endurance  

t imes: N 

Opening / closing  

frequency : m  

Mechanical  

endurance: M 

 

n ≦ m  

 

N ≦ M 

 

Overload protection  

(thermal over load  

relay) 

Load current of  

motor: If 

RC value of  

thermal overload  

relay: IRC 

I f = IRC  

 

 

(2) Select ion  

The starters and contactors whose capacity is respect ively equal to or more than the capacity (kW) of motor are  

selected from the table in Page 8 and 9 of the catalogue.  
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(3) Elect r ica l endurance curve  

When long elect r ica l endurance is required, select elect romagnet ic contactors using following endurance curve.  

(a) AC200V class motor (AC3)  

F ig. 17 Endurance curve (AC200V) 

 

(b) AC400V class motor (AC3) 

F ig. 18 Endurance curve (AC400V) 
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2-4-2 Applicat ion of AC4 (Applicat ion of Cases Including Inching and Plugging)  

In equipment and machinery which include inching and plugging (negat ive-phase brak ing), make and break of large  

star t ing rush current of the motor  will occur  frequently. Category AC4 is applied for  such usage. Application of AC4  

is shown in Tables 1 and 2 in  page 12 of the catalogue.  

 

2-4-3 Applicat ion of AC1 (Applicat ion to AC Resistance Load)  

Category AC1 is applied when using a resistance load which does not  necessitate considerat ion of rush cur rent  a t   

star t ing such as the incandescent  light , elect r ic heater , etc.  

Applicat ion of AC1 is shown in Table 3 in page 13 of the cata logue.  

 

2-4-4 Applicat ion of DC Load  

The break ing category of DC load becomes far more severe in  compar ison with AC load. However , contactor  can be  

applied as shown in Table 4 in page 13 of the catalogue.  

 

2-4-5 Applicat ion for Star-Delta  Star ters  

Delta  motor is star -connected during star t ing, and reduces start ing cur rent and torque to one-th ird of fu ll-voltage  

star t ing values.  

(1) Loads applied to star-delta star ters and elect rica l endurance of star ter   

 

Table 15. Load and elect r ica l endurance 

Load Example of load Elect r ica l endurance 

unloaded start  machine tools, la the, genera l industr ia l machines, etc. 500,000 

square torque vor tex pumps, turbine pumps, fans, blowers, 

dehydrators, cent r ifuga l dehydrators, etc. 

50,000 

 

(2) Kinds of star-delta star ters  

2 Contactors method  

Phase-current  detecting method 

   3 Contactors method  

Star-delta starter  

2 Contactors method  

Line-cur rent detect ing method 

           3 Contactors method 

 

(3) Component number explanat ion and symbol explanat ion  

Table 16. 

No. Name Mark Name 

2 Timer  IM Motor   

6 Contactor for  star   BS Push but ton (start )  

22 Circuit  breaker (FFB)  BSS Push but ton (stop)  

42 Contactor for  delta   a Normally open contact  

49 Thermal over load relay  b Normally closed contact  

52 Contactor for  insu lat ion  EF Fuse  
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(a) Phase-current detect ing method 
3 Contactor Method 

 

 
Fig. 19 Connect ion diagram 

 
Table 17. Select ion (Phase-cur rent  detect ing method) 

Thermal Over load Relay 
Voltage 

Motor  
Capacity 

(kW) 

Starter for 
insulat ion 

(52+49) 

Contactor for  
Star  
(6) 

Contactor 
For  Delta 

(42) RC(A) 
Adjustable 
Range (A) 

Type 

5.5 H20-T,HS20-T H20,HS20 
7.5 H25-T,HS25-T H25,HS25 

15 12 ~ 18 TR20B-1E 

11 H35-T,HS35-T 
H20,HS20 

H35,HS35 
15 H25,HS25 

28 22 ~ 34 

18.5 
H50-T,HS50-T H50,HS50 

40 32 ~ 48 
TR50B-1E 

22 H65C-T 
H35,HS35 

H65C 55 45 ~ 65 
30 H80C-T H50,HS50 H80C 67 55 ~ 80 

TR80B-1E 

37 H100C-T H100C 
45 H125C-T 

H65C 
H125C 

80 65 ~ 95 

55 H150C-T H80C H150C 105 90 ~ 120 
TR150B-1E 

75 H200C-T H125C H200C 1.4 1.1 ~ 1.7 
90 H250C-T H150C H250C 2.4 1,7 ~ 2.9 

TR250B-1E 

110 H300C-T H200C H300C 
132 H250C 

2.4 1,7 ~ 2.9 

200V 

150 
H400C-T 

H300C 
H400C 

3.8 2.8 ~ 4.4 
TR400B-1E 

5.5 6.8 4.5 ~ 9.0 
7.5 
11 

H20-T,HS20-T H20,HS20 
9 7 ~ 11 

15 H25-T,HS25-T 

H20,HS20 

H25,HS25 15 12 ~ 18 

TR20B-1E 

18.5 H35-T,HS35-T H25,HS25 H35,HS35 
22 

20 16 ~ 24 

30 
H50-T,HS50-T H35,HS35 H50,HS50 

28 22 ~ 34 
TR50B-1E 

37 H50,HS50 
45 

H65C-T H65C 40 32 ~ 48 

55 H80C-T 
H65C 

H80C 55 45 ~ 65 
TR80B-1E 

75 H100C-T H80C H100C 
90 H125C-T H100C H125C 

80 65 ~ 95 

110 H150C-T H125C H150C 105 90 ~ 120 
TR150B-1E 

132 H200C-T H200C 
150 H250C-T H250C 

1.4 
1.8 

1.1 ~１.7 
1.4～2.2 

TR250B-1E 

190 H300C-T 
H200C 

H300C 

400V 

260 H400C-T H300C H400C 
2.4 2.0 ~ 2.8 TR400B-1E 

Note: The RC va lues of thermal overload relays are based on H itachi genera l-purpose squir rel cage motors  
(Rated cur rent  × 0.58).  



23 

(b) Line-cur rent  detect ing method 
3 Contactor Method 

 

 
Fig. 20 Connect ion diagram 

 
Table 18. Select ion (line-current detect ing method) 

Thermal Over load Relay 
Voltage 

Motor  
Capacity 

(kW) 

Contactor for  
insulat ion 

(52) 

Contactor for  
Star  
(6) 

Contactor for  
Delta 
(42) 

 
(49) 

 
RC(A) 

Adjustable 
Range (A) 

5.5 H20,HS20 H20,HS20 
TR25B-1E 

Single insta lla t ion 
20 16 ~ 24 

7.5 H25,HS25 H25,HS25 28 22 ~ 34 
11 H35,HS35 

H20,HS20 

H35,HS35 
TR50B-1E 

40 32 ~ 48 
15 H25,HS25 55 45 ~ 65 

18.5 
H50,HS50 H50,HS50 TR80B-1E 

67 55 ~ 80 
22 H65C 

H35,HS35 
H65C TR150B-1E 80 65 ~ 95 

30 H80C H50,HS50 H80C Single insta lla t ion 105 90 ~ 120 
37 H100C H100C  130 110 ~ 150 
45 H125C 

H65C 
H125C TR400B-1E 1.4 1.0 ~ 1.8 

55 H150C H80C H150C Single insta lla t ion 
75 H200C H125C H200C  
90 H250C H150C H250C  

2.4 1.6 ~ 3.2 

110 H300C H200C H300C  
132 H250C  

3.8 2.5 ~ 5.0 

200V 

150 
H400C 

H300C 
H400C 

 6.8 4.5 ~ 9 
5.5 TR20B-1E 9 6 ~ 12 
7.5 〃 15 12 ~ 18 
11 
 

H20,HS20 H20,HS20 
TR25B-1E 

Single insta lla t ion 
20 16 ~ 24 

15 H25,HS25 

H20,HS20 

H25,HS25 28 22 ~ 34 
18.5 H35,HS35 H35,HS35 H35,HS35 
22 

TR50B-1E 
40 32 ~ 48 

30 
H50,HS50 H50,HS50 H50,HS50 

55 45 ~ 65 
37 H50 

TR80B-1E 
67 55 ~ 80 

45 
H65C H65C 

TR150B-1E 80 65 ~ 95 
55 H80C 

H65C 
H80C Single insta lla t ion 105 90 ~ 120 

75 H100C H80C H100C  130 110 ~ 150 
90 H125C H100C H125C TR400B-1E 1.4 110 ~ 1.8 
110 H150C H125C H150C Single insta lla t ion 
132 H200C H200C  

2.4 1.6 ~ 3.2 

150 H250C H250C  
190 H300C 

H200C 
H300C  

400V 

260 H400C H300C H400C  
3.8 2.5 ~ 5.0 

Note: The RC va lues of thermal overload relays are based on H itachi genera l-purpose squir rel-cage motors.  
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2-4-6 Applicat ion for Condenser Load  

When closing the condenser  circu it , the electr ic charge Q = CE of the condenser  cor responding to the instantaneous  

va lue of power  source voltage at  closing of circuit is promptly supplied, and rush current  flows.  

The size of th is rush cur rent is lim ited by the line resistance and inductance, and fur ther lim ited by inser t ion of  

ser ies reactor (6 percent of condenser  capacity, kvar )  

The following table gives the condenser load applicat ions when rush cur rent  is less than 10 t imes the ra ted cur rent  

of condenser by inser t ion of ser ies reactor . 

 

Table 19. Applicat ion to condenser load 

Applied capacity to  

3-phase condenser  circu it   

kvar (A) 

Applied capacity to 

 single-phase condenser circuit   

kvar (A) 

Inser t ion of ser ies reactor  2-pole ser ies 

Ｔype 

200～220V 380～440V 220～240V 380～440V 

H10C, H11,HS10 3(9) 4(6) 1.8(9) 2.4(6) 

H20,HS20 5(14) 8(12) 2.8(14) 4.8(12) 

H25,HS25 7(20) 12(17) 4(20) 6.8(17) 

H35,HS35 10(29) 18(26) 5.5(28) 10.5(26) 

H50HS50 13(38) 26(38) 7.5(38) 15(38) 

H65C 18(52) 35(51) 10(50) 20(50) 

H80C 22(64) 45(65) 12(60) 26(65) 

H100C 29(84) 55(79) 16(80) 31(78) 

H125C 34(98) 70(101) 19(95) 40(100) 

H150C 44(127) 88(127) 25(125) 50(125) 

H200C 53(153) 105(152) 30(150) 60(150) 

H250C 65(188) 130(188) 37(185) 75(188) 

H300C 80(231) 160(231) 46(230) 92(230) 

H400C 100(289) 200(289) 57(285) 115(288) 

H600C 150(433) 300(433) 86(430) 173(433) 

 

Reference: Conversion of kvar and μF  

Single-phase: [kvar ] = 2π × 10-9 × (Frequency) × (μF) × (Voltage)2  

3-phase:     [kvar ] =√3 × 2π × 10-9 × (Frequency) × (μF) × (Voltage)2 

 

2-4-7 Applicat ion to Opening/Closing of Primary Side of Transformer  

When applying voltage to the primary side of the transformer , magnet ic saturat ion phenomenon occurs a t the iron  

core of t ransformer  and a rush cur rent  of excitat ion flows. The amount  of th is rush cur rent  varies with the voltage  

phase and load when closing the contactor ; the amount  of rush cur rent  will be about  20 t imes the ra ted cur rent   

of the t ransformer . The contactor should be selected that  is not welded by th is rush cur rent. 
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Table 20. Applicat ion to opening/closing of pr imary side of t ransformer  

Single-phase t ransformer  A (kVA) 3-phase transformer A (kVA) Frame 

200 ～ 240V 380 ～ 440V 500 ～ 550V 200 ～ 240V 380 ～ 440V 500 ～ 550V 

H20,HS20 8 (1.6) 6.8 (2.5) 4.8 (2.4) 10 (3.4) 8.5 (5.6) 6 (5.2) 

H25,HS25 10.5 (2) 9.6 (3.6) 4.8 (2.4) 13 (4.5) 12 (7.9) 6 (5.2) 

H35,HS35 14 (2.8) 12.5 (4.8) 9.2 (4.6) 17.5 (6) 16 (10.5) 11.5 (10) 

H50,HS50 20 (4) 18.5 (7) 14.5 (7.4) 25 (8.6) 23 (15) 18.5 (16) 

H65C 26 (5.2) 26 (9.8) 20 (10.5) 32 (11) 32 (21) 26 (22) 

H80C 32 (6.4) 32 (12) 28 (14.5) 40 (13.5) 40 (26) 36 (31) 

H100C 40 (8) 40 (15) 28 (14.5) 50 (17) 50 (33) 36 (31) 

H125C 50 (l0) 50 (19) 32 (16) 62 (21) 62 (41) 40 (34) 

H150C 60 (12) 60 (22) 32 (16) 75 (26) 75 (50) 40 (34) 

H200C 72 (14.5) 72 (27) 58 (29) 90 (31) 90 (60) 72 (62) 

H250C 96 (19) 96 (36) 58 (29) 120 (41) 120 (80) 72 (62) 

H300C 120 (24) 120 (45) 100 (50) 150 (52) 150 (100) 125 (110) 

H400C 160 (32) 160 (60) 140 (70) 200 (70) 200 (130) 175 (150) 

H600C 240 (48) 240 (90) 200 (100) 300 (105) 300 (200) 250 (215) 

 

Remarks : 1. Applicable to the case where the rush cur rent of transformer is less than 20 t imes the rated cur rent .  

2. In case the rush cur rent  of t ransformer  is more than 20 t imes the ra ted cur rent or considerably  

small, please consult  with us. 



 26 

 

3. THERMAL OVERLOAD RELAY  
3-1 STRUCTURE AND OPERATION  

3-1-1 Standard Type (1E) and Phase Failure Protected Type (2E)  
(1) Externa l st ructure  

Fig. 21 External st ructure 

 

(2) Interna l st ructure  

 

Fig. 22 Interna l st ructure of standard type (1E)  

thermal overload relay  

(This conta ins high-per formance bimeta ls  

and contact mechanism applicable to the  

thermal overload relay (2E).)  

F ig. 23 In ternal st ructure of thermal over load relay (2E) 

(This 2E thermal over load relay is the same 

as the standard type as regards the external 

st ructure , but different from the interna l 

st ructure in the different ia l mechanism.) 

Current  set t ing mark 

Operat ing circuit  terminals 

Current  set t ing knob 

Reset  but ton 
(Concur rent ly used for  
change of reset  methods) 

Test  t r ip lever  Tr ip indicator 

Main  circu it  terminals 
(Power  source side) 

Main  circu it  terminals 
(Load side) 
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(3) Operat ion  

(a) Operat ion of 1E thermal over load relay  

As shown  in  F ig. 24, the therm al over load relay conta ins an over -cur r ent  det ect or  cons ist ing of bimet als, and 

heaters, and a contact actuated corresponding to bimeta ls. Where the load cur rent  of the motor  is made to flow 

to the heaters placed near  the bimetals, they bends corresponding to the amount  of load cur rent, with  the result  

that  the contact  can be actuated. If th is contact is connected to the coil excit ing circuit  of the contactor , when 

t he bending am ount  of bimeta ls  becomes m or e than t he predetermined va lue (when over -cu r r en t  flows), it is 

possible to stop the motor.  

(a) Operat ion diagram                  (b) Connect ion diagram 

 

 

 
 
 
 
 
 
 
 
 

(c) Operat ion sequence 

 

Fig. 24 Protect ive operat ion of thermal over load relay 

 

(b) Operat ion of 2E thermal over load relay  

Refer to the cata logue page 24.  

 

 

3-2 PERFORMANCE  

(1) Standards for  thermal over load relay  

The standard type (1 E) thermal over load relay and 2E thermal overload relay conform to the J IS, J EM and IEC stand- 

ards in table in page 26 of the cata logue.  

(2) Ambient temperature character ist ics  

Refer to the cata logue, page 25.  

Motor  

Therma l 
over load 
relay 

Contactor 

Stop Occur rence of 
over load 

Heater : 
Heat ing large 

Coil excitat ion: 
stop 

Bimeta l:Amount  
of bending large 

Contact 
OFF 

Main contact  
OFF 

Cur rent  large 



 28 

3-3 APPLICATION AND SELECTION  

Select ion of thermal over load relays must be determined by taking into considerat ion the type of motor, required  

function, t ype of load and star t ing method, etc.  

3-3-1 Genera l Select ion  

Table 21 gives the genera l select ion in case running and stopping do not include inching and plugging and the star t ing  

t ime is not so long.  

I f t he pr obabilit y of phase fa ilu re and nega t ive phase t r ouble is cons ider ed t o be ext remely low, select ion of  

standard type (1E) thermal over load relay makes it  possible to protect  the motor a lmost completely. 

 

Table 21. General select ion 

Submerged pump 

and motor  

Quick response type 

1E thermal over load relay 

Quick response type 

2E thermal over load relay 

Motor  up to 

200kW 

3 -element  

1E thermal over load relay 

Motor  of less than 

3.7 kW 

2-element  

1E thermal over load relay 

G
e

n
e

ra
l-

p
u

rp
os

e
 

m
ot

or
 

Very small capacity 

motor  

3-lement  

1E thermal over load relay 

 

 

2E thermal over load relay 

 

 

 

 

Sta tic 3E relay 

－  

Rough protection to 

Phase failure 

More st r ingent phase-fa ilure protect ion 

Object  

 

Required 

function Overload/rest r ict ion protect ion 

 

 

 

3-3-2 Select ion for Small Capacity Motor   

The reasons why a 2-element  1E thermal over load relay is selected for a small capacity motor  of less than 3.7kW  

in Table 21 are as follows :  

･ Even in  the case of 2-element  thermal over load relay, the phase-fa ilure operat ing performance is ext remely h igh.  

The 2-elernent thermal over load relay has the same phase-fa ilure operating per formance (conform to IEC standard)  

as the 3-element type.  

･ The small capacity motor has a character ist ic that the winding temperature r ise is lower  at  phase-fa ilure running  

compar ed with  m edium - or  lar ge capacit y m ot ors  due to st r uct u ra l reasons, such  as st ar -connect ion  of mot or  

winding.  

Fig. 25 indicates the exper imental va lues of the temperature r ise ra t io a t phase-fa ilure. Fig. 26 indicates conversion  

of the experimental va lues in Fig. 25 into temperature r ise ra t io a t operat ion of thermal over load relay. When using  

the 2-element  type with h igh performance, it  is possible judging from the figure to make protect ion at phase-failure.  
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Fig. 25 Motor temperature-r ise rat io a t             Fig. 26 Motor temperature-r ise rat io a t  

phase-fa ilure                              phase-fa ilure operat ion  

 

When a str ict  phase-fa ilure protect ion is necessary that includes a lso such a specia l case as over-current flows only to  

l wire at  the secondary side due to phase-fa ilure at  the pr imary side of the t ransformer , 3-element  thermal over load  

relay or 2E thermal over load relay should be selected.  

 

3-3-3 Select ion for Very Small Capacity Motor   

The ra ted current of a very small capacity motor like the hydraulic pump motor is ext remely small, so the heaters  

of thermal over load relay cor responding to th is ra ted cur rent have a very h igh resistance va lue. Therefore, a  voltage  

drop caused by the thermal over load relay becomes large, so that fu ll at tent ion must be paid to insufficient star t ing  

torque and voltage unbalance when using 2-element type thermal over load relay.  

Where the load is light , unbalance of current due to voltage unbalance tends to become large. It  is recommended  

that 3-element type thermal over load relay be selected.  

Where only a  small-sized 2-element  thermal over load relay can be insta lled due to limited space, its rated cur rent  

should be about twice the rated cur rent of the motor exclusively for protect ion of restr ict ion.  

 

 

 

 

                         Reference 1. Insufficient  star t ing torque  

Example of RC0.1A  ・・・・・・ Motor: 200V, 0.lA (rat ing)  

Fig. 27                    E (Heater  voltage drop) = Is (Motor  star t ing cur rent) × R (Heater  resistance value)  

＝6 × 0.1 × 130 = 78 (V)  

Vm (Motor  input voltage) ≒200 － (√3 × 78) ≒ 65 (V)  

 
input voltage ・・・・ 38%  
star t ing torque ・・・ 15% 
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The star t ing torque becomes ext remely small, so that  star t ing will be impossible un less the load is a  considerably  

light  one.  

 

Reference 2. Effect due to voltage unbalance (Where 2-element thermal overload relay is used)  

Even in  case the load is light  and star t ing is possible, if a  2-element  thermal over load relay of a low rat ing is used,  

there remains a problem of voltage unbalance. The lower the ra t ing (heater  resistance is large), the greater the voltage  

unba lance. Therefor e, undes ir able motor  r unn ing condit ions will cont inue, such  as cur rent  unbalance, abnorma l  

temperature r ise, etc.  

When using a 2-element thermal over load relay  

(RC 0.1A) to the motor (0.1A rat ing), current   

unbalance of a  lit t le over 50% may occur.  

 

 

Reference 3. Heater resistance of thermal over load relay  

The thermal overload relay is designed to actuate the contact mechanism by dr iving the bimetal using the heat ing of  

the interna l heater ar ising from over load current  of the motor.  

The minimum power necessary for th is heat ing should be more than 1.3W (one phase component when the rated  

cur rent is flowing).  

 

W (power) = I2 (ra ted current2 ) × R (heater resistance value) = 1.3 to 8 (W)  

 

･ Heater resistance va lue: In the case of a low rat ing, the heater resistance va lues can be calcu lated from above power  

as shown in the following table.  

 

 

 

Table 22. Heater resistance 

Rated cur rent  

(RC) 

Heater resistance va lue 

(one phase) 

Condit ion 

0.3A 14.4Ω 

0.2A 32.5Ω 

0.15A 57.8Ω 

0.10A 130Ω 

W (Power) ・・・・・ 1.3 W (minimum value) 

 

Rated cur rent  ・・・・・ A low rat ing less than 

RC0.3A. 

 

When the rated cur rent  becomes small, the heater resistance va lue is indicated to become extremely large.  
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3-3-4 Inching and Plugging Operat ion  

Since frequent  inching and plugging operations actuate the thermal over load relay, cont inuous operat ion becomes  

impossible .  

In order  to avoid th is, the set t ing va lue of cur rent  of the thermal over load relay may be increased over  the rated  

cur rent of motor ; however , it  is not advisable to protect the motor .  

In the case of inching and plugging operat ion, the start ing cur rent flows intermit tent ly and the self-cooling effect  

of the cooling fan decreases. In th is state the temperature r ise is different  from that  of normal operat ion.  

Tak ing into considerat ion the above, in order  to protect  the motor when car rying out  inch ing and plugging operat ions,  

it  is most  suitable to protect  the motor direct ly detect ing the temperature by incorporating the thermistor  in  the  

motor winding.  

In the case of slip-r ing motor, the rotor  must be protected from burnt -out . In addit ion to the thermistor  incorporated  

in the sta tor  winding, the thermal over load relay should be concurrently used for  rest ra in t  protect ion, thus ensuring  

perfect  protect ion.  

 

3-3-5 Where Start ing Time is Long  

For  the fan, press machine, etc. whose mechanica l inert ia (GD2 ) of load is great , the star t ing t ime is long.  

If the star t ing t ime is long, it  is very difficu lt  to achieve compat ibilit y of prevention from malfunct ion with protection  

of motor, so that for  pract ica l purposes, such a method is adopted that the protect ive per formance at  rest raint is  

somewhat lowered (since the probabilit y of rest ra int troubles is low).  

The following table classifies the genera l countermeasures.  

 

Table 23. General countermeasure 

Start ing t ime Applicable thermal 

over load relay 

Connect ion Mer it  Demerit  

Approx. 5 to  

15 sec.  

 

Thermal over load relay  

with saturation reactor   

(Please consult  with  us) 

Same as standard Simple circu it  In both start ing and  

running t imes, the  

protect ive perform- 

ance at restra int is  

insufficient  . 

15 sec. or   

longer  

Standard thermal  

over load relay  

 

Timer and contactor   

are addit iona lly used.  

 

 

 

 

 

Refer to Fig. 28. 

The protect ion  

dur ing operat ion  

is certa in.  

 

The rest ra int   

protect ion at   

star t ing can be  

car r ied out to  

some extent  by  

changing the  

sett ing of the  

t ime . 

 

 

 

 

The circuit  is  

complicated. 
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F ig.28 
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4. CONTACTOR RELAY  
4-1 TYPES OF CONTACTOR RELAYS  

Refer to cata logue page 38. 

 

4-2 PERFORMANCE  

The performance of the contactor  relay is subjected to tests according to the test ing condit ions specified by standards  

(IEC, J EM, etc.), and must sat isfy the values set  forth  in  them to secure guarantee. The test ing condit ions vary with  

the types of loads, which are classified into categor ies AC15 and DC11 as given in Table 24.  

 

Table 24. Ut ilizat ion categories (IEC 60947-5-1) 

Kind of current  Category Typical applicat ions 

Alternat ing current  AC15 Cont rol of a .c. elect romagnets 

Direct cur rent  DC11 Cont rol of d.c. electromagnets 

 

The major test  items of the contactor relay are as follows, and in  all of the tests the specified va lues are fu lly sat isfied.  

(1) Temperature r ise test  

Same as that of contactors (see page 10).  

(2) Making and breaking capacit ies test   

The test  condit ions of making capacity and break ing capacity test  are the abnormal condit ions of use shown in  

Table 25.  

Table 25. Condit ions for making and break ing cor responding to the ut ilizat ion categories (IEC 60947-5-1) 

Normal condit ions of use Abnormal condit ions of use Kind of 

cur rent  

Category 

Make Break Make Break 

I U cosφ I Ur  cosφ I U cosφ I Ur  cosφ Alternat ing 

cur rent  

AC15 

10Ie Ue 0.7(1) Ie Ue 0.4(1) 11Ie 1.1Ue 0.7(1) 11Ie 1.1Ue 0.7(1) 

I U T0.95 I Ur  T0.95 I U T0.95 I Ur  T0.95 Direct 

cur rent  

DC11 

Ie Ue 6×P(2) Ie Ue 6×P(2) 1.1Ie 1.1Ue 6×P(2) 1.1Ie 1.1Ue 6×P(2) 

Ie = rated operat ional cur rent           I = current to be made or  broken 

Ue = ra ted operat ional voltage         U = voltage before make 

Ur  = recovery voltage  

T0.95 = t ime to reach 95% of the steady-state current, in milliseconds,  

P = UeIe = steady-sta te power consumpt ion, in wat ts.  

 

(1) The power-factors indicated are conventional values and apply only to the test circuits which simulate the  

electr ica l character ist ics of coil circuits. It  should be noted that, for the circuit  with power-factor  0.4 (normal  

condit ions of use), shunt  resistors are used in the test circuit  to simulate the damping effect  of the eddy  

cur rent losses of the actual elect romagnet .  

 

(2) The value "6 × P" results from an empir ical relat ionship which is found to represent most  d.c. magnetic  

loads to an upper lim it of P = 50W, viz. 6 × P = 300ms. Loads having power-consumpt ion greater than  

50W are assumed to consist  of smaller loads in parallel. Therefore, 300 ms is to be an upper lim it , ir- 

respect ive of the power consumpt ion value.  
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･ Normal condit ions of use  

The normal use of a contactor  relay is to close, mainta in and open circu its which contain  an elect romagnet  the magnet ic  

circuit of which is open at  the t ime when the coil current is made and closed when the coil current is broken.  

･ Abnormal condit ions of use  

Abnormal condit ions may ar ise when an electromagnet, a lthough energized, has failed to close.  

A contactor relay is required to be able to break the current  cor responding to such abnormal condit ions of use.  

(3) Mechanica l endurance test   

With  respect  to its resistance to mechanical wear, a contactor  relay is character ized by the number  of on-load operat- 

ing cycles, i.e. operat ing cycles with no cur rent  flowing, which can be made without  any mechanica l failure. The  

standard numbers of no-load operat ing cycles, expressed in millions, are given in  the first  column of Table 26.  

Table 26. 
Class of mechanica l endurance 

(in  m illions of no-load 
operat ing cycles) 

Number of 
no-load operating cycles per hour  

0.01 
0.03 
0.1 
0.3 
1 
3 
10 
30 

100 

12 
12 
12 
30 

120 
300 
1200 
3600 

12000 

 

 (4) Electr ica l endurance test  

The test  condit ion of the electr ical endurance test is the normal condit ions of use in  Table 25 and the maximum  

frequencies of on-load operat ing cycles are given in the second column of Table 26.  

4-3 CONTACTOR RELAY WITH TWIN CONTACT  

The contactor relay is usually composed of single contact . If th is contact is used at 48V or h igher under ordinary  

environmenta l condit ions, it  can be used a lmost free from contact  fa ilure such as unsat isfactory contact, etc.  

When it  is in tended to use the contactor relay at  low voltage and current, if the contactor relay with twin contact  is  

used, the contact  reliabilit y will be improved. As shown in F ig. 30, th is contact is divided in to two par ts, so that they  

help each other to prevent occur rence of contact failure and improve the contact reliabilit y.  

F ig. 29 Single contact                       F ig. 30 Twin contact   

(Standard contact )  
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4-4 CONTACT RELIABILITY  

The maps of contact  reliabilit y of contactor relays are as shown in Fig. 31 and Fig. 32. 
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5. MOUNTING AND CONNECTION  
5-1 MOUNTING  

5-1-1 Mount ing State  

The starter  and contactor  should in pr inciple be mounted on a fla t  ver t ica l plane as shown in Table 27. If circum- 

stances demand, they may be mounted with a t ilt , forward or backward, and r ight or  left , of at  most 15 degrees.  

The contactor  with hor izonta l plunger st ructure can be mounted crosswise, but  the one with link structure uses the  

weight  of the moving core for a  par t of the energy of the release operat ion, so that  it  cannot be mounted crosswise.  

The thermal over load relay can be mounted only crosswise by counterclockwise rotat ing it  90 degrees because of heat  

conduct ion of the heater.  

Table 27. Mount ing state 

Type Frame Standard mount ing and 

allowable mounting angle 

Crosswise mount ing 

Contactor 

relay 

and 

8C～125C 

 

Reversible type with mechanica l 

in terlock cannot  be mounted  

crosswise. 

C
on

ta
ct

or
 a

n
d

 c
on

ta
ct

or
 r

e
la

y 

150C～600C 

 

Mounting is 

impossible. 

T
h

e
rm

a
l o

ve
rl

oa
d

 

re
la

y 

All frames 

 

 

 

8C～125C 

 

Reversible type with mechanica l 

in terlock cannot  be mounted  

crosswise. 

S
ta

rt
e

r 

150C～600C 

 

Mounting is 

impossible. 

 



 37 

5-1-2 Clamping Torque of Mount ing Screws  

The starter  and contactor should be securely mounted to a fla t  sur face with the fixing screws stated in the dimensions  

column of the cata logue. As to the clamping torque to be applied them, refer to Table 28.  

 

Table 28. Appropr iate clamping torque 

Clamping torque (kg-cm) Diameter of 

thread Screw Bolt  

M4 10 ～ 15 － 

M5 25 ～ 35 － 

M6 40 ～ 50 － 

M8 80 ～ 100 100 ～ 150 

M10 － 150 ～ 250 

M12 － 350 ～ 450 

 

 

5-1-3 Mount ing Space  

When mount ing the starter and contactor, it  is necessary to provide an appropr ia te space between them and anything  

nearby. The size of this space should be determined consider ing the following items.  

(1) Sufficient  space to prevent  a short  circuit  accident due to arc produced when opening and closing.  

(2) Space necessary for normal radiat ion of heat generated by the starter  and contactor and for holding down the  

temperature r ise below the a llowable va lue.  

(3) Space for securing the insula t ion distance specified in  the standard.  

Regarding the mount ing space, refer to the dimension column of each type in the cata logue.  

 

5-2 WIRING (CONNECTION)  

5-2-1 Clamping Torque  

For  accurate wir ing to terminals, refer to the clamping torque given in table in  page 44 of the catalogue.  

 

5-2-2 Connectable Wire and Usable Pressure-Type Wire Connector   

The connectable wires and the widths of usable pressure-type wire connectors for the respect ive frames are given in  

table in page 44 of the cata logue.  
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5-2-3 Connection of Thermal Over load Relay with CT  

When CT side is V-connected, 2 set of CT can make 3-phase protection. Then, in order to ensure correct operat ion,  

make wir ing as shown in  F ig. 33 and Fig. 34 by paying attent ion to the mount ing direct ion and polar it y.  

 
F ig. 33 Connection diagram               F ig. 34 Mount ing of CT and wir ing 

A current flows to the 3 heaters of the thermal over load relay at 3-phase overload.  

 

 
F ig. 35 

Even if phase fa ilure occurs, cur rent  flows to the 2 heaters without phase fa ilure, regardless of the inser t ion phase of  

CT; the same operat ion is made as the 3-phase thermal over load relay not using CT.  

 

 
F ig. 36 

Where 3sets of CT are used, individual CT's are connected to the respect ive heaters of the thermal over load relay as  

shown in Fig. 37 and Fig. 38.  

Then, even if the CT polar it ies are arranged uniformly, protect ion can be ensured.  
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Fig.37 Connect ion diagram       Fig.38 Mounting of CT and wir ing 

 

5-2-4 Connection When Single-Phase or  DC Motor is Applied  

When using the thermal overload relay to a single-phase motor or DC motor connect ion should be made as shown  

below in order  to maintain  the operat ing performance of the thermal over load relay.  

(1) In case of 2-element thermal over load relay: (TR12B-lE)  

 

F ig. 39 

(2) In  case of 3-element thermal over load relay  

Connect wires so that a cur rent  flows to 3 heaters.  

Fig. 40 

 

･ Wrong connect ion  

F ig. 41 Wrong connect ion 
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The 3-element  thermal over load relay is so adjusted that  it  can normally operate in a sta te where cur rent flows to  

a ll 3 elements.  

In the case shown in Fig. 41, the protect ion character ist ic is deter iorated.  

The protect ion character ist ic indicates a deviat ion of 12% in the worst  case as shown by the dot ted line in Fig. 42.  

 

 

F ig. 42 Operat ing character ist ic in wrong connect ion 
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6. HANDLING MAINTENANCE AND INSPECTION  
6-1 STORAGE AND CONVEYANCE  

Starter, contactor and thermal overload relay should be stored or  car r ied under the following condit ions.  

 

Table 29. 

Condit ions Remarks 

Ambient          Upper lim it  : 70℃  

temperature  

Lower  limit : -30℃ 

Limited by a change in  the character ist ic  

due to bending of bimeta l of thermal  

over load relay, deter iorat ion of PVC  

wire, and the like. 

Humidity         Upper lim it  : 85%  

 

Lower  limit : 45% 

If the devices are left for a long t ime  

a t  a place where the humidity is h igh,  

the insula t ion may be deter iorated  

when they are used.  

Atmosphere    ･ A condit ion where the  

devices are free from  

abnormal vibrat ion or  

shock .  

･ A condit ion where the  

devices are not  splashed  

with water, oil, etc.  

･ A condit ion free of  

cor rosive gas, combust ible  

gas, dust, vapor , salt ,  

etc.  

Use specia l care for  the storage after   

unpacking. 

Conveyance     Carefu lly handle and carry the  

devices . 

The devices are carefu lly packed;  

however , if they should be dropped  

from a high place, a  part  of the case,  

etc. may be damaged. 

  

 

 

6-2 MAINTENANCE AND INSPECTION  

6-2-1 Inspect ion  

In order  to prevent  troubles and mainta in the per formance of the star ter  and contactor, it  is recommended that  

in it ia l and periodica l inspections are per formed. Most unexpected troubles take place at  the start  of operat ion, so  

that the in it ia l inspection is par t icular ly significant.  

(1) In it ia l inspect ion  

It  is recommended that the following items be inspected before and after , 3 to 10 days after  and 3 months after  

operat ion, respectively. Periodica l inspect ions should be car r ied out a fter the above inspect ions.  
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Table 30. In it ia l inspect ion 
Time of init ia l inspect ion Major inspect ion items 

Immediately  
before 
 

･ Check whether screws are fu lly t ightened.  
Confirm not on ly the terminals to which wires  
are connected but a lso those to which no  
wire is connected.  

 
･ Check whether small items such as a screw,  

washer, chip, wire waste, etc. have infiltra ted  
the switch.  

･ Check whether there is any erroneous wir ing. 

Start ing t ime of  
operat ion 

Immediately  
a fter  

･ Check whether the contactor  is closed per- 
fect ly .  

･ Check whether the electromagnet produces  
abnormal beats.  

･ Check whether there occurs instantaneous  
arcing from arc suppressing chamber  due to  
star t ing cur rent  of motor when closing the  
contactor . If the arcing is greater  than at the  
break ing t ime, it  is necessary to check. 

After enter ing normal operation,  
･ 3 to 10 days after   
･ 3 months after  

･ Check screws for loosening.  
･ Check whether dust or oil are adher ing to any  

par t . If any foreign matter is found to be  
adhering, invest igate the cause.  

･ Turn off the power and move the moving par t   
by hand.  

･ Check whether the contact is worn. If abnormal  
wear  is found, invest igate the cause.  

･ Re-confirm the inspect ion items required  
immediately before and after operat ion. 

 

(2) Periodical inspect ion  

(a) Time of per iodical inspect ion  

When the inspect ion is carr ied out taking into considerat ion the environment  and the frequency of use as given  

in Table 31 , appropr iate secur it y and prevent ion may be expected. 

 

Table 31. Time of per iodical inspect ion 

Interva l of per iodica l inspect ion Environment of use 

Contact  part  Operating part  

A clean and dry place Every 12 to 36 months 

A place which is relat ively free of dust, 

humidity, sa lt , cor rosive gas, vapor , etc. 

Every 12 months 

Inspect ion t ime  

according to  

environment  

Places other  than the above. Every 3 to 6 months 

100-t imes/hr (30,000-t imes/month) or less Every 12 months Every 36 months 

200-t imes/hr (60,000-t imes/month) or less Every 6 months Every 24 months 

600-t imes/hr (200,000-t imes/month) or less Every 2 months Every 12 months 

When operat ing  

frequency is  

great  

1,200-t imes/hr  (360,000 t imes/month) or less Every month Every 6 months 

For  severe use such as inching, plugging, etc. Determined corresponding to the actual state of use. 
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(b) Periodical inspect ion items  

The per iodical inspect ion should be car ried out  for the items given in Table 32. 

 

Table 32. Periodica l inspect ion items 
Per iodica l inspect ion item Contents of inspect ion 

1. Tightening of screws ･ Check the termina l clamping screw and conductor  
connect ing screw for  loosening, and t ighten them  
fur ther. Also check the termina ls to which no wire  
is connected; unless checked, there is a  possibility  
that they will fa ll out and cause t roubles. 

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

 

･ Confirm that there are no conduct ive foreign  
substances in the molded part  between the ter- 
mina ls or in other places.  

･ Check for  adherence of dust, oil, etc. If such  
foreign matters are found, invest igate the cause  
of their  presence.  

･ Check whether the window of the arc suppressing  
chamber of contactor  is blocked by a foreign  
substance . 

3. Check of abnormal temperature  
r ise  

 

･ Check whether there is discolorat ion of the con- 
duct ive part  due to abnormal temperature r ise,  
or  discoloration and crack of the molded par t  due  
to overheat ing. 

4. Check of thermal over load relay ･ Check the termina l screws for  loosening.  
･ Check the operat ing sta te by per forming test   

t r ip and resett ing.  
･ When the contact of the contactor is almost   

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

5. Check of manual operat ion, and  
check of operat ional sound or   
beat a t t ime of automat ic  
operat ion 

･ Turn off the power and move the moving par t   
by hand. Check whether  the moving part  moves  
smoothly .  

･ Check whether abnormal operat ional sound or  
beat are generated by automat ic operat ion. If the  
operat ion is done by opening the insu lated  
cover, t roubles such as shor t circuit , etc. may  
occur, so absolutely avoid in it ia t ing the above  
operat ion . 

6. Check of contact  and t ime of  
replacement  

･ Check whether the contact is abnormally worn.  
When the contact  is remarkably worn, replace the  
contacts of a ll phases even if the contact of only  
one phase is worn. If on ly the contact  of one phase  
is replaced, a failure will occur  because the thick- 
ness of the contact of one phase is difference from  
that of the other  phase. 
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Per iodica l inspect ion item Contents of inspection 

 ･ When the contact is blackened:  
Even if somewhat blackened, no t rouble occurs;  
however , if the blackening is abnormal, there may  
be a problem about  the atmosphere, so that   
investigat ion and countermeasures should be  
car r ied out.  

･ Foreign matters adhered to the contact , such  
as dust, etc. should be wiped off with  a cloth  
dipped in a lcohol. Use of an organic solvent such  
as t r ichloroethylene may cause contact failure.  

･ Check contact  over  t ravel. When over  t ravel is  
lit t le, replace the contacts.  

7. Check of contact ing face of  
electromagnet  (When there is an  
abnormality refer r ing to para. 5.)  

 

･ Check when there is an abnormality such as  
beat, etc.  

･ Check whether  a  foreign substance such as dust,  
etc. is adhered to the contact ing face. When a  
foreign substance is adhered to the face, wipe  
it  off with a cloth.  

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

8. Check of voltage applied to coil ･ Check whether  the voltage is too high or  too low.  
The voltage should be adjusted so that it  at ta ins  
the rated voltage after  operat ion. Take care that  
the voltage when closing does not  become less  
than 85% of the rated voltage. Unsuitable voltage  
of the operat ing coil will cause various t roubles,  
so that  specia l care should be taken to ensure  
suitable voltage . 

9. Measurement of insu lat ion  
resistance  

 

･ Measure insulat ion resistance with  the 500V  
insu lat ion resistance meter , and if its measured  
value is less than 1MΩ, immediately replace  
with new one. If the insu lat ion resistance is less  
than 5MΩ but  more than 1MΩ, it  can be  
temporar ily used; however, replace as soon as  
possible. 

 

6-2-2 Replacement of Contacts of Contactor  

The electr ical endurance of the contactor depends main ly upon the wear of the contacts and deter iorated insulat ion  

of arc suppressing chamber. Contacts wear  is classified into the modes given in Table 33, according to which the  

condit ions requir ing contacts replacement are determined. 
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Table 33. Wear  of contacts 
Simple wear  Peeling wear  Transit ing wear  Crack wear Mode 

 

 

  

Condit ions of  
contacts  
replacement  

General wear.  
When the contact  over   
t ravel, th ickness of  
moving contact  or   
th ickness of fixed  
contact become less  
than the a llowable  
va lues given in  Table  
34, replace the contacts. 

Th is wear takes place in  
applicat ions including  
inch ing. When the  
contact area becomes  
less than 50% of the  
whole area, replace the  
contacts.  
 

This wear is often found  
in  DC applicat ion.  
When the area of a  
t ransit ing par t is less  
than 30% of the entire  
contact area, remove  
the t ransited project ion,  
and the contact  can be  
re-used.  

Th is wear is found in  
case of large-capacity  
models over  100A  
frame. When the area  
of crack is more than  
30% of the ent ire area,  
replace the contact. 
 

Remark: The contact over  t ravel is the amount of movement  of the insu lated crossbar  from the  

beginning of contact  of the moving and fixed contacts to the complete end of their  

contact. 

 

Table 34. Allowable minimum over travel and a llowable minimum th ickness of contacts 
Allowable min. 

th ickness of 
contact (mm) 

Frame 
 
 
 

Allowable 
min. 

over  t ravel 
(mm) 

 
Moving 
contact  

Fixed 
contact  

Measur ing method of over  t ravel 

 
H8C 0.5 0.6 0.6 

H10C,11,12 
HS10 0.5 0.6 0.6 

 
H20,HS20 1 0.3 0.3 

 
H25,HS25 1 0.3 0.3 

 
H35,HS35 1 0.3 0.3 

 
H50,HS50 1 0.3 0.3 

 
H65C 1 0.5 0.5 

Measure the posit ion of operat ional  
indicator at  the front of contactor   
with slide ca lipers.  
Measure the posit ion, a, of the  
operat ional indicator  when contact is  
star ted by manual closing, and the  
posit ion, b , of the operat ional indi- 
cator  when the coil is excited, then  
find the over t ravel.  
 
Over travel = b - a   

 
H80C 1 0.5 0.5 

 
H100C 1 0.5 0.5 

 
H125C 1 0.5 0.5 

 
H150C 1 0.5 0.5 

 
H200C 1 1 1 

 
H250C 1 1 1 

 
H300C 1 1 1 

 
H400C 1 1 1 

After the power of main circuit is turned  
off, the coil is excited and contactor is  
closed, remove the cover and look at the  
hole on spr ing holder.  
 

; Where the opposite side can be  
seen through hole, the amount   
of over t ravel is more than the  
a llowable va lue and contactor   
can be used.  
 
; Where the opposite side can  
not  be seen through hole, the  
amount  of over travel is less  
than allowable value, then  
replace the contacts.  

 
H600C 2 1.5 1.5 

Measure the posit ion of operat ional indicator  of auxiliary contact   
assembly in the same manner as (A). 
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When it  is necessary to replace the contact  of one of three phases, the contacts of a ll phases should be replaced  

a t  t he sam e t ime. Not e t hat  a fter  r ep lacement  of cont acts, t he following items shou ld be execut ed t o check the  

products.  

(1) Measure the insula tion resistance between phases, and between the termina ls of power source and load to confirm  

that the insulat ion resistance is more than 100MΩ.  

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

 

6-2-3 Caut ions in  Handling 

Items which should be avoided when handling the switch are as follows:  

(1) The wire to be connected to the terminal should not  be soldered.  

The soldered wires becom e loosened wit h the passage of t ime and t he con tact  will become im per fect , so tha t  

they should be absolutely avoided.  

(2) Do not close the window of the arc suppressing chamber .  

The break ing performance may be deter iorated.  

(3) Do not mount on an area which is less than the dimensions of the specified minimum mount ing space.  

There are possibilit ies that  temperature r ise may increase and grounding or  shor t  circuit  may take place at  the  

t ime of break ing. (see page 37)  

(4) Do not use the switch without an enclosure outdoors.  

Mount the switch in  a proper enclosure such as water-proof box, etc.  

(5) Avoid mount ing the switch at  a place direct ly exposed to the rays of the sun, and at a hot  place near a boiler,  

furnace, etc. Mount ing of the switch at  such places may cause t roubles such as malfunct ion of thermal over load  

relay, burnt-out of operat ing coil and the like.  

(6) The switch should be protected from direct  splash of water  drops or  oil and dust . Place the switch in a  water- 

proof, dr ip-proof and dust-proof box dur ing use.  

(7) Do not use the switch without an enclosure at a place where there is a concent rat ion of corrosive gas, combust ible  

gas, salt and the like.  

(8) Do not mount the switch at  a  place subject to abnormal vibrat ion or shock.  

(9) Do not apply excessive tensile force to the lead wires or termina ls of the operat ing circu it  and the main circuit .  

(10) With respect  to the wire diameter  and length of the operat ing circu it  and the main circuit , their resistance values  

shou ld be kept  below such r esist ance va lues as may im pair  t he per form ance of t he opera t ing coil. Im perfect  

closing of elect romagnet will cause t roubles.  

(11) Closing and releasing coils of la tched contactor  are ra ted for  a shor t  t ime, so they should be connected to the  

protect ion circuit  without fa il, so that  voltage is not cont inuously applied.  

(12) Do not turn on and off the power source when the insula ted cover is opened.  

The insula ted cover  serves as a bar r ier between phases; therefore, if the power  source is turned on or off while  

the insula ted cover  is opened, there is a possibilit y that a shor t  circuit  between phases may take place.  

(13) Do not use the starter for protect ion against  shor t circu it  cur rent.  

The contactor  and thermal over load relay can only withstand over -cur rent  of about  10 t imes the ra ted cur rent .  

Usually, t he shor t  circu it  cur ren t  is  10 to 100 t imes t he ra t ed cur r ent , so t ha t  t he con tact  is m elt ed and t he  

heaters of the thermal over load relay are fused by J oule heat . For protect ion against shor t  circuit , FFB or fuse  

are used.  
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(14) After an accident current  flows, do not  use the switch without check ing.  

Invest igate the cause of accident  to remedy it , and also confirm that  the equipment  is free from damage ; then,  

use the switch again. When a shor t  circu it  current flows, it  is necessary to pay at tent ion to the melting of contact  

of the contactor, wire-breaking of the heater and change of t r ipping character ist ic of thermal over load relay.  

(15) When connect ing a power  condenser, do not connect  it  to the pr imary side of the star ter .  

The power  condenser  is connected to the secondary side of the star ter  or  the termina ls of the motor . Where the  

power condenser is connected to the pr imary side of the star ter and the circu it  is phase fa ilure due to one phase  

fus ing, a roundabou t  circu it  is  made up passing the power  condenser  and a volt age of abou t  50 to 60% of t he  

power source voltage is applied to the coil; th is causes flapping of the contactor .  

 
F ig. 43 Correct insert ion of power condenser      Fig. 44 Incor rect insert ion of power condenser  

(16) Do not remove the cover  of thermal over load relay, or touch its interna l mechanism.  

As the thermal over load relay is str ict ly adjusted at the factory, be sure not  to touch the interna l mechanism.  

(17) Do not set the cur rent of thermal overload relay at a point h igher than needed.  

Even in  case of motors with  the same capacity (kW), the load current  var ies with  the number  of poles and types,  

so that  it  is necessary to set cor rectly the adjusting knob to the motor  current.  

Do not ra ise the set va lue to prevent occasional operation. Since the occurrence of operat ion must  be due to some  

cause, fir st, invest igate the cause and remedy it . Otherwise, there is a possibilit y that  a major  trouble may take  

place.  

(18) The thermal over load relay should not be reset when the power is left  on.  

I t  is  necessary to reset  t he t herma l over load relay a fter  tur ning off the power  source for  safet y. Reset t ing must  

be made after  the cause of t r ip is eliminated.  

(19) For  the wir ing to the thermal over load relay, a wire with  an appropria te diameter  should be used.  

If the wire is fine, the operat ing t ime becomes fast and if it  is th ick, the operat ing t ime, slow.  

(20) Do not mount the star ter and contactor upside down, or  hor izonta lly.  

F irm ly mount the star ter  and contactor to avoid operat ing fa ilure or lowered breaking capacity. (see page 36)  

(21) If t he cont actor  closes in a  flapping manner  (a st a te where the con tact or  is  not  per fect ly closed, bu t  vibrat es  

great ly dur ing closing), do not  use the contactor  cont inuously.  

This will cause melt ing of contact , release fa ilure, and other t roubles. Invest igate their  causes and eliminate th is  

er roneous closing.  

(22) Do not remove unnecessary contacts.  

Their  removal may result  in  a loss of balance of the mechanism and have an adverse effect  on the per formance  

of the contactor. (Be sure to fu lly t ighten the terminal screws.)  
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Melt ing of power source fuse 

Drop of power  source voltage. 

Power  source voltage is too  
h igh. 

Operat ion of fuse-free breaker  

Failu re of sliding (moving) 
par t  

Melt ing of contact  

Adherence of tacky substances 
to the contact ing face of iron 
core 

Wear  of the contact ing face of 
iron core 

Damage of return  spr ing 

Defect ive contact  Spr ing 

Dust  or  rust  on the contact ing  
face of iron core 
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Rare shor t  of coil 
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There is a case of phase fa ilu re. Invest igate the  
cause and replace the fuse with  one with  a cor rect   
capacity. 

Invest igate the capacity of power source, tap voltage  
and th ickness and length  of wire. Consu lt  with   
power  company, our  company's agent , sales store,  
and service stat ion about  the t roubles. 

Invest igate the cause, remove it  and again  turn   
on power. 

Disassemble the contactor, remove foreign sub-  
stances, or  replace defect ive par ts. 

Replace par ts around the contact . (fixed, moving  
contacts and contact  spr ing) 

Clean the contact ing face of iron core with cloth . 

The mechanical endurance has reached its lim it .  
Replace iron core. 

Replace par ts. (return  spr ing) 

Replace par ts. (contact  spr ing) 

P lace the star ter  in  dust -proof or  ant i-cor rosion box.  
Clean the contact ing face of iron core with cloth . 

Replace par ts. (fixed and moving iron cores) 

Replace par ts. (coil) 

Replace par ts. (coil) 

Clean it  with  cloth . 
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Thermal over load relay  
operates. 

Miss-select ion of thermal  
over load relay cur rent  

Cor rosion of heater due to 
oxidat ion 

Operat ing fa ilu re of thermal 
over load relay 

Fusing of heater  

Wir ing fa ilu re of operat ing 
circu it  

Insta lling method of power  
condenser  

Bounce of operat ing switch 

Operat ing and contact  fa ilure 
of operat ing switch 

Miss-applicat ion of operat ing 
circu it  voltage 

Er ror  in  mount ing condit ion  

Miss-select ion of capacity 

Operat ing (open/close) 
frequency is too h igh. 

Miss-select ion of protect ive 
st ructure from dust  or  gas. 

Shor t  circuit  or grounding 
of the load side 

Miss-connect ion for  reversible 
type 

Miss-connect ion of wire for  
coil tap 

The star t ing t ime of load is 
long. 

Vibrat ion and shock are great . 

Wir ing fa ilu re 

Ambient  temperature is too 
h igh. 

Ambient  temperature is too 
low . 

Over load of machine 

shor t  cir cu it  t rouble of 
wir ing 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Reset  it . 

Set  the current  value with  load cur rent , or  replace  
thermal over load relay. 

Replace thermal over load relay, and moreover, use   
protect ive box su itable for  environment. 

Replace thermal over load relay. 

Remove the cause and replace thermal overload 
relay. Thermal over load relay dose not  protect   
large cur rent  like shor t  cir cu it . 

Check the circu it  and match it  with connect ion  
diagram. Concur rent ly, check grounding and dis-  
connect ion of circu it, or t igh ten ing of connect ion  
term inals. 

Connect  it  to motor  term ina ls or load terminals of  
star ter. (see page 47) 

Repair  or  replace the operat ing switch. (push-  
but ton switch, float -free switch, lim it  switch , etc.) 

Check the lim it  switch , pressure switch, etc. 

Replace par ts. (coil) 

Cor rect ly mount  it  to the ver t ical face (see page 36) 

Select the su itable star ter. 

Re-examine the applicat ion. In  case of plugging and  
inch ing, it  is necessary to lim it  the ra ted capacity. 

Use one with  protect ive st ructure su itable for   
environment . 

Remove the cause and provide a reliable, protect ive  
device against  shor t  circu it . 

Change it  to a  cor rect  wir ing. 

Replace coil or  change the connect ion of wire for   
coil tap. 

Change to thermal over load relay with  saturat ion  
reactor ; there is another method to use t imer.  
(see page 31) 

Examine and change the mount ing method and  
place of star ter. 

Check the circu it  and match it  with the connect ion  
diagram. At  the same t ime, check the grounding  
and disconnect ion of circu it  and t igh tening of  
connect ion term inals. 

Consu lt  with  our  company's agent , sales store and  
service stat ion about  the t roubles, and change the  
insta llat ion place of thermal over load relay or  
replace it  with  one with  appropr iate character ist ics. 

Taking in to considerat ion the sequence of over load →  
operat ion of thermal over load relay → incapability of  
closing, invest igate the cause and remove it , then  
reset  the relay. 

Elim inate the cause and insta ll a protect ive device  
against  shor t  cir cu it , for  instance, fuse-free breaker   
and the like. 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hitach i Indust r ia l Equ ipment  Systems Co., Ltd. 
 


