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Kinds and Ratings of Magnetic Motor Starters
and Contactors



1. Kinds and Ratings

Type MS-N magnetic motor starter consists of a type S-N magnetic contactor, type TH-N thermal
overload relay and an outer case. Type MSO-N magnetic motor starters are also available as a unit
for power distributor panels and control panels.

Table 1 Constitutional elements of type MS-N magnetic motor starter

Non-Reversing

Type MS-N magnetic motor starter

|Type MSO-N magnetic motor starter | | Casing and cover |

I
| Type S-N magnetic contactor | | Type TH-N thermal overload relay |

Reversing

Type MS-2 xN magnetic motor starter

|Type MSO-2xN magnetic motor starter | | Casing and cover |

I
| Type S-2xN magnetic contactor | | Type TH-N thermal overload relay |

Table 2 Kinds and configuration of type MS-N and MSO-N magnetic motor starters

£ Non- . N10 | N11 [ N12 [ — [ N20 | N21 | N25 | N35 | N50 [ N65 [ N80 [ N95 |[N125|N150|N180{N220(N300(N400| - -
3 Reversing
U';g Reversin 2x | 2x | 2x | 2x | 2x | 2x | 2x | 2x | 2x [ 2x [ 2x [ 2x [ 2x | 2x
2l = o 9 - - ~ | N20 [ N21 | N25 | N35 [ N50 | N65 | N80 | N95 [N125|N150|N180{N220(N300|N400| B
=
. L2 Non- . N10 [ N11 | N12 [ N18 | N20 | N21 [ N25 | N35 [ N50 | N65 | N80 [ N95 |N125[N150|N180[N220|N300|N400| - -
-3 2 Reversing
8£§Reversin 2x | 2x 2x | 2x | 2x | 2x [ 2x [ 2x [ 2x [ 2x [ 2x [ 2x | 2x | 2x | 2x | 2x | 2x
=30 9IN10 [ N11| ~ | N18 [ N20 | N21 | N25 | N35 | N50 | N65 | N8O | N95 [N125|N150[N180|N220|N300[N400| ~ -
[2]
S o5 Non- . N10 [ N11 | N12 [ N18 | N20 | N21 [ N25 | N35 [ N50 | N65 | N80 | N95 |N125[N150|N180[N220|N300|N400|N600|N800
€ E 48- Reversing
% Ig‘;’:’ Reversin 2x | 2x 2x | 2x | 2x | 2x | 2x | 2x [ 2x [ 2x [ 2x [ 2x | 2x [ 2x | 2x | 2x | 2x | 2x | 2x
‘g = 91 N10 | N11 N18 | N20 [ N21 [ N25 [ N35 | N50 | N65 | N80 | N95 [N125{N150|N180|N220|N300|N400[N600(N800
S
= N20 | N20 N60 [ N60 |N120[N120
2 Z\'je-rltgggn:::a N12 [ N12 | N12 [ N18 | N20 [ N20 [N20 |N20 [ N60 | N60 [N60 |N60 |N120{N120 Néao Néao nggo ngo N600|N600
8 Y TA | TA TA | TA | TA | TA




Table 3 Rated capacity

Resistance load

Appli_ca- Motor load (kW) (kW)
tion R . . Rated capacity
ated capacity category AC-3 and AC-2 Rated capacity category AC-4 [*1] Category AC-1
3-phase squirrel-cage type 3-phase slip-ring type sqﬁi-l")rgf-izge :I'I’;r_ﬁzg 3-phase resistance
(AC-3) (AC-2 type type
Frame \ | 240v | 44ov | 590V | 890V | 2400 | Zaoy | 500V | 690V | 2300 | Sooy | 2dov | soov | zdov | adov
size
N10 2.5 4 4 4.0 2.5 4 4 4.0 1.5 22[*2]] 1.5 2.2 [#2] 7.5 7
N11,N12| 3.5 5.5 5.5 5.5 3.5 5.5 5.5 5.5 2.2 4 [+3] 2.2 4 [%3] 7.5 8.5
N18 4.5 7.5 7.5 7.5 4.5 7.5 7.5 7.5 3.7 4 [+3] 3.7 4 [+3] 9.5 13
N20, N21 55| 11 11 7.5 55| 11 11 7.5 3.7 5.5 3.7 5.5 12 20
N25 75| 15 15 11 75| 15 15 11 4.5 7.5 4.5 7.5 18 30
N35 11 185 | 185 | 15 11 185 | 185 | 15 55 | 11 55 | 11 20 35
N50 15 22 22 22 15 22 22 22 75 | 15 75 | 15 30 50
N65 18.5 | 30 30 30 18.5 | 30 30 30 11 22 11 22 35 65
N80 22 45 45 45 22 45 45 45 15 30 15 30 50 85
N95 30 55 55 55 30 55 55 55 19 37 19 37 55 90
N125 37 60 60 60 37 60 60 60 22 45 22 45 55 90
N150 45 75 90 90 45 75 90 90 30 55 30 55 75 130
N180 55 90 110 |110 55 90 110 |110 37 75 37 75 95 170
N220 75 132 132 132 75 132|132 |132 45 90 45 90 95 170
N300 90 160 |160 |200 90 160 |160 |200 55 110 55 110 130 230
N400 (125 |220 (225 |250 |125 |220 |225 (250 75 150 75 150 170 290
N600 (190 |330 (330 |330 |190 (330 |330 (330 |110 200 110 200 280 430
N800 (220 |440 (500 |500 |220 (440 |500 (500 |160 300 160 300 300 530

Notes: =1, Category AC-4 electrical endurance is 30,000 operations. (N35 to N800: 15,000 operations at 380VAC or more)
*2, 500V 2.7kW

*3, 500V 5.5kW

Table 4 Rated operational current

pplica- Motor load Resistance load Rated
tion Category AC-3 and AC-4 (A) Category AC-4 (A) [*1] Category AC-1 (A) | Continu-
Frame 200~240V | 380~440V 500V 690V 200~240V | 380~440V 500V | 200~240V | 380~440V ctﬁ'l::nt
size Ith (A)
N10 11 9 7 5 8 6 6 20 11 20
N11, N12 13 12 9 7 11 9 9 20 13 20
N18 18 16 13 9 18 9 9 25 20 25
N20, N21 22 22 17 9 18 13 10 32 32 32
N25 30 30 24 12 20 17 12 50 50 50
N35 40 40 32 17 26 24 17 60 60 60
N50 55 50 38 26 35 32 24 80 80 80
N65 65 65 60 38 50 47 38 100 100 100
N80 85 85 75 52 65 62 45 135 135 135
N95 105 105 85 65 80 75 55 150 150 150
N125 125 120 90 70 93 90 65 150 150 150
N150 150 150 140 100 125 110 80 200 200 200
N180 180 180 180 120 150 150 140 260 260 260
N220 250 250 200 150 180 180 140 260 260 260
N300 300 300 250 220 220 220 200 350 350 350
N400 400 400 350 300 300 300 250 450 450 450
N600 630 630 500 420 400 400 350 660 660 800 *1
N800 800 800 720 630 630 630 500 800 800 1000 *2

Notes: =1, Category AC-4 electrical endurance is 30,000 operations. (N35 to N800: 15,000 operations at 380VAC or more)
*2, 660A at ambient temperature 40 to 55°C

*3, 800A at ambient temperature 40 to 55°C
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Table 5 DC rated working current

Rated Category DC-3 and DC-5 Category DC-1 Category DC-13
Fre_!me voltage DC (DC motor load) (A) (resistance load) (A) (DC electromagnet load) (A)
size - - - - - - -
(V) 2-pole series | 3-pole series | 2-pole series | 3-pole series | Single pole |2-pole series | 3-pole series
24 8 8 10 10 5 8 8
N10 48 4 6 10 10 3 4 6
110 2.5 4 6 8 0.6 2 3
220 0.8 2 3 8 0.1 0.3 0.8
N11 24 12 12 12 12 7 12 12
N12 48 6 10 12 12 5 6 10
N18 110 4 8 10 12 1.2 3 5
220 1.2 4 7 12 0.2 0.5 2
24 20 20 20 20 12 20 20
48 15 20 20 20 8 12 15
N2ON211 - 449 8 15 15 20 15 3 10
220 2 8 10 20 0.25 1.2 4
24 25 (35) 25 (35) 25 (35) 25 (35) 15 25 (35) 25 (35)
N25 48 20 25 (30) 25 (35) 25 (35) 10 15 25
(N35) 110 10 20 25 25 (35) 1.5 4 12
220 3 10 12 22 (30) 0.25 1.2 4
24 45 50 50 50 (65)
N50 48 25 35 (40) 40 50 (65)
(N65) 110 15 30 (35) 35 50 (65)
220 3.5 12 (15) 15 40 (50)
24 65 80 80 80
48 40 60 65 80
N80 110 20 50 50 80
220 5 20 20 60
24 93 93 93 93
48 60 90 93 93
N9S 110 40 80 80 93
220 30 50 50 70
24 120 120 120 120
48 60 90 100 120
N125 110 40 80 80 100
220 30 50 50 80
24 150 150 150 150
48 100 130 120 150
N150 110 80 120 100 150
220 60 80 100 150
24 180 (220) 180 (220) 180 (220) 180 (220)
N180 48 150 180 (220) 180 180 (220)
(N220) 110 120 150 150 180 (220)
220 80 100 150 180 (220)
24 300 (400) 300 (400) 300 (400) 300 (400)
N300 48 200 280 240 300 (400)
(N400) 110 150 200 200 300 (400)
220 90 150 200 300
24 630 (800) 630 (800) 630 (800) 630 (800)
N600 48 630 630 630 (800) 630 (800)
(N800) 110 630 630 630 630 (800)
220 630 630 630 630 (800)
Notes: 1. The class designations are according to IEC where category DC-3 is applied to starting and stopping DC shunt

motors, Category DC-5 to starting and stopping DC series motors and category DC-1 to opening and closing
resistance loads.
2. Ctegory DC-13 is a class designation according to IEC where it is applied to DC induction loads (control of DC
electromagnets).
3. The electrical endurance is 500,000 times.
4. Making current for category DC-3 and DC-5 are 4 times the
capacities listed in the table above and 100 times of
operation, respectively. Breaking current for category DC-
3 and DC-5 are 4 times the capacities listed in the table
above and 25 times of operation.
5. The connections of two-pole series and 3-pole series are as
shown in the figures on the right.

— o

[Load ]

—o

2-pole series

3-pole series




Characteristics and Performance
(Type test results)



1. Structure
1.1 Structure in general

The structure passes IEC 60947-4-1 (1990).

1.2 Insulation distance

Criteria (specification values) mm

E‘ Space distance Creeping distance
& | Specification and category [ Between | Between | Between | Between Applicable types
S live portion| ground |live portion| ground

*1

JEM 660V 63A or larger 8 10 10 10 MS. MSO. S.N50 - N800
A2 8 10 10 10 T

4, %5

UL - CSA 600V 9.5 9.5 12.7 12.7

JEM 660V 63A or less 6 8 8 8 MS, MSO, S-N10 - N35
B [IEC - EN 690V 63A or less 6 8 8 8 TH-N12 - N20 (TA)

UL - CSA 600V 9.5 9.5 12.7 12.7 | TH-N60O

Note: #1: JEM 1103 (1996)

+3: EN 60947-4-1 (1992)

x2: |EC 60947-4-1 (1990)
*4: UL 508 (1993)
«5: CSA 22.2 No.14-95 (1995)

All the types pass the requirements as they mark the values greater than the specifications listed

above.



2. Temperature Rise

Ambient temperature at 40°C

Test conditions Temperature rise (°C [K])
Thermal Main
Model overload relay | Connecting S Coil Coil .
name Heater nominal | wire size circuit voltage [frequency| Coil |Contact L|n_e Loa_ld
size /setting (mm?) cuT\ent V) (Hz) terminal | terminal
Standard values — — — — — 100+ *k 65 65
MS-N10 9/11 2 11 200 50 68 62 35 42
© MS-N11 11/13 2 13 200 50 76 71 40 50
5 | MS-N12 11/13 2 13 200 50 76 71 40 50
8 | MS-N20 15/18 2 18 200 50 72 54 42 50
§ MS-N21 15/18 2 18 200 50 72 54 42 50
< | MS-N25 22/26 5.5 26 200 50 69 62 44 49
S |[MS-N35 29/34 8 34 200 50 73 71 57 55
o | MS-N50 42/50 14 50 240 60 68 60 45 46
E‘: MS-N65 54/65 22 65 240 60 70 65 50 53
® [MS-N80 67/80 22 80 240 60 54 53 36 35
% MS-N95 82/100 38 100 240 60 62 80 58 58
€ | MS-N125 105/125 60 125 240 60 62 85 48 49
% MS-N150 125/150 60 150 240 60 65 87 58 59
5, | MS-N180 150/180 100 180 240 60 68 65 41 31
< [MS-N220 180/220 150 220 240 60 68 69 43 33
MS-N300 250/300 200 300 240 60 67 66 40 34
MS-N400 300/400 150 x 2 400 240 60 71 70 45 38
MSO-N10 9/11 2 11 200 50 60 53 31 39
o | MSO-N11 11/13 2 13 200 50 64 58 35 42
5 |MSO-N12 11/13 2 13 200 50 64 58 35 42
8 [mMso-N18 15/18 3.5 18 200 50 60 27 28 42
§ MSO-N20 15/18 35 18 200 50 66 40 37 42
= | MSO-N21 15/18 3.5 18 200 50 66 40 37 42
2 [MSO-N25 22/26 5.5 26 200 50 57 48 37 43
S [MSO-N35 29/34 8 34 200 50 60 57 49 49
& | MSO-N50 42/50 14 50 240 60 55 50 34 43
E MSO-N65 54/65 22 65 240 60 57 60 39 49
® 1 MSO-N80 67/80 22 80 240 60 45 50 33 32
% MSO-N95 82/100 38 100 240 60 51 70 43 56
£ | MSO-N125 105/125 60 125 240 60 54 75 40 45
% MSO-N150 125/150 60 150 240 60 56 78 52 54
S, [MSO-N180 150/180 100 180 240 60 53 60 30 24
g MSO-N220 180/220 150 220 240 60 53 60 31 26
MSO-N300 250/300 200 300 240 60 58 56 31 28
MSO-N400 300/400 150 x 2 400 240 60 64 66 37 33
S-N10CZ - 3.5 20 200 50 58 63 44 42
S-N11CZ — 3.5 20 200 50 58 63 44 42
S-N12CZ — 3.5 20 200 50 58 63 44 42
S-N18 — 3.5 25 200 50 58 29 26 26
S-N20CZ — 5.5 32 200 50 61 44 38 36
g S-N21CZ — 5.5 32 200 50 61 44 38 36
8 [S-N25CZ — 14 50 200 50 68 49 42 40
§ S-N35CZ — 14 60 200 50 70 57 51 49
< | S-N50CZ — 22 80 240 60 63 56 42 40
2 [S-N65CZ — 38 100 240 60 65 65 46 45
% S-N80CZ — 60 135 240 60 48 78 48 46
& [S-N95CZ — 60 150 240 60 56 96 59 57
§ S-N125CZ — 60 150 240 60 55 79 54 52
8 [S-N150CZ - 100 200 240 60 55 80 54 52
2 | S-N180CZ - 150 260 240 60 64 76 49 47
& [s-N220Cz - 150 260 240 60 64 76 49 47
= [S-N300CZ - 250 350 240 60 68 72 50 48
S-N400CZ - 150 x 2 450 240 60 71 80 56 53
S-N600 - 50 x> oopper | 00 240 60 68 59 44 42
at bar x 2
S-N800 - 00 > COPREr | 1000 240 60 70 62 45 44
at bar x 2

Notes: 1. Nominal rating of the coil: AC200V.
2. * Indicates IEC 60947-4-1 class E insulation.
3. =x Up to a temperature not harmful to items around (approximately 100°C [K]).
4. Type S-NCZ is what type S-NO housed in a box.
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3. Operation

3.1 Operating voltage and operating time

The operating voltages when the temperature is stabilized in the temperature test in section 2 are 170
V or less for all the frames. (This is referred to as "hot characteristics at 40°C".) The table below
shows the operating characteristics at 25°C (or 25°C cold characteristics).

Nominal ratings of the coil: AC200V

Operating time (ms)
Pick-u Drop-out Coil ON Coil OFF
l:l::\:l Fre?::)ncy voltags vol':age Auxiliary b Auxiliary—; Main Main Auxiliary: Auxiliary b
v) v) contact contact contact contact contact contact
OFF ON ON OFF OFF ON
S-N10 50 103 ~ 111 80 ~ 102 - 11 ~17 1M1 ~17 7~14 7~14 -
(with 1NO) 60 113~120 | 86 ~106 - 13~17 12~18 7~14 7~14 -
S-N11 50 103 ~ 111 80 ~ 102 - 11 ~17 1M1 ~17 7~14 7~14 -
(with 1NO) 60 113~120 | 86~ 106 - 13~17 12~18 7~14 7~14 -
S-N12 50 118~130 | 91~101 7~14 13~18 12~18 7~16 6~15 14 ~21
(with 1NO
+INC) 60 130 ~142 | 96 ~ 106 7~13 13~18 13~18 7~15 7~13 13~20
50 112~128 | 85~114 - - 8~17 7~16 - -
S-N18
60 124 ~137 | 100 ~ 125 - - 8~16 6~16 - -
S-N20 50 125~ 136 88 ~99 8~13 12~18 12~17 8~16 7~15 16 ~ 25
60 135~144 | 95~110 7~13 13~19 12~18 6~13 6~12 14 ~ 23
S-N21 50 120 ~126 | 90~ 104 7~13 11~16 10~ 16 7~17 7~17 15~25
60 129 ~135 | 100 ~ 114 8~13 13~18 12~16 8~14 8~14 15~24
50 115~130 | 90~ 105 7~13 10~19 10~19 5~14 5~14 11~23
SN25 60 127 ~143 | 95~115 8~14 11~20 11~20 5~14 5~14 11~23
S-N35 50 115~130 | 90~ 105 7~13 10~19 10~19 5~14 5~14 11~23
60 127 ~143 | 95~115 8~14 11~20 11~20 5~14 5~14 11~23
S-N50 50 115~125 | 55~75 13~23 16 ~ 26 15~25 35~60 34 ~59 36 ~ 61
60 115~ 125 45 ~ 65 11~22 14 ~ 24 13~24 40 ~ 65 39 ~64 41 ~ 66
50 115~125 55~75 13~23 16 ~ 26 15~25 35~60 34 ~59 36 ~ 61
S-N65 60 115~125 45 ~ 65 11 ~22 14 ~ 24 13~24 40 ~ 65 39 ~ 64 41 ~ 66
50 110~130 | 80~ 105 22~32 27 ~ 37 26 ~ 36 37 ~ 87 37 ~87 39~89
S-N8o 60 110~130 | 75~100 18 ~ 28 22~32 22~32 48 ~ 98 46 ~ 96 50 ~ 100
50 110~130 | 80~ 105 22~32 27 ~ 37 26 ~ 36 37 ~ 87 37 ~87 39~89
SN95 60 110~130 | 75~100 18 ~ 28 22~32 22~32 48 ~ 98 46 ~ 96 50 ~ 100
50 110~135 | 90~120 18 ~ 28 21~ 31 22~32 48 ~ 98 49 ~ 99 51~101
SN125 60 110~135 | 70~ 105 16 ~ 26 19 ~29 20~ 30 56 ~ 106 57 ~ 107 59 ~ 109
S-N150 50 115~140 | 95~125 20~ 28 25~35 26 ~ 36 44 ~ 94 45~ 95 49 ~ 99
60 115~140 | 75~100 18 ~ 28 23 ~33 24 ~ 34 51 ~101 53 ~103 57 ~ 107
S-N180 50 120~125 | 87 ~102 21~ 31 26 ~ 36 25~35 75~92 73~90 78 ~ 95
60 124 ~ 131 71~90 20 ~ 31 25~ 36 25~35 85~102 | 84~ 101 89 ~ 106
S-N220 50 120 ~125 | 87 ~ 102 21 ~31 26 ~ 36 25~35 75 ~92 73~90 78 ~95
60 124 ~ 131 71~90 20 ~ 31 25~ 36 25~35 85~102 | 84~ 101 89 ~ 106
50 111 ~130 | 80~125 30 ~ 40 37 ~ 47 35~45 112~132 | 109~129 | 114 ~134
N300 60 111~130 | 70~ 104 30 ~40 36 ~ 46 35~45 121 ~151 | 119~149 | 130 ~ 150
50 111 ~130 | 80~125 30 ~ 40 37 ~ 47 35~45 112~132 | 109~129 | 114 ~134
S-N400 60 111~130 | 70~ 104 30 ~40 36 ~ 46 35~45 121 ~151 | 119~149 | 130 ~ 150
S-NB0O 50 108 ~130 | 75~ 106 42~ 71 49 ~78 51 ~80 48 ~ 84 49 ~ 85 52 ~ 88
60 108 ~ 130 60 ~ 90 42~ 71 49 ~78 51 ~80 57 ~93 58 ~94 61 ~97
S-N80O 50 108 ~130 | 75~ 106 42~ 71 49 ~78 51 ~80 48 ~ 84 49 ~ 85 52 ~ 88
60 108 ~ 130 60 ~ 90 42~ 71 49 ~78 51 ~80 57 ~93 58 ~94 61 ~97

Notes: 1. Approximate pick-up voltages and drop-out voltages for coil ratings other than AC200V can be calculated by multiplying
the values in the table above by the ratio of that particular voltage to AC200V.
2. Operating times for coil ratings other than AC200V are approximately the same as the values listed in the table above.



3.2 Operating coil characteristics

Coil rating Characteristics Impedance (sealed)
Model Coil sealed Inrush DC Effective
name |Voltage (V) Fre?::)ncy current S?rd sv?:tlfsd VA resistance | resistance Rea(;;ance
(mA) () () )

S-N10 100 50 98~106 | 9.8~106 | 3.2~34 51 ~64 117 320 970
S-N11 110 60 90 ~ 96 9.9~106 | 3.5~37 58 ~ 69 420 1200
SIN12 100 50 98~106 | 9.8~106 | 3.2~34 51 ~64 117 320 970

110 60 90 ~ 96 9.9~106 | 3.5~37 58 ~ 69 420 1200
S-N18 100 50 98~106 | 9.8~106 | 3.2~34 51 ~64 117 320 970

110 60 90 ~ 96 9.9~106 | 3.5~37 58 ~ 69 420 1200
S-N20 100 50 136 ~142 | 13.6~142| 42~44 80 ~93 71 230 720

110 60 120~126 |12.1~126| 44~45 85~99 300 890
S-N21 100 50 136 ~142 | 13.6~142| 42~44 80 ~93 71 230 720

110 60 120~126 |12.1~126| 44~45 85~99 300 890
S-N25 100 50 114 ~144 | 11.4~144| 35~44 | 100~ 113 62 240 840
S-N35 110 60 102~134 |11.2~147| 3.7~46 | 105~119 300 930
S-N50 100 50 86~104 | 86~104 | 1.2~1.8 | 100~120 69 170 1000
S-N65 110 60 116 ~130 | 12.8~14.3| 1.7~2.3 | 100~ 120 140 900
S-N80 100 50 118 ~134 | 11.8~134| 16~22 | 140~180 42 115 790
S-N95 110 60 157 ~173 | 17.3~19.0| 2.5~3.1 180 ~ 210 100 660
S-N125 100 50 210~230 | 15.8~17.8| 2.0~2.6 | 200~ 240 34 90 600

110 60 157 ~177 | 23.4~253| 3.0~3.7 [ 230~270 75 500
S-N150 100 50 210~230 | 158~17.8| 2.0~2.6 | 210~250 34 90 600

110 60 157 ~177 | 23.4~253| 3.0~3.7 [ 240~280 75 500
S-N180 100 50 218~242 |21.0~25.0| 2.8~3.1 | 435~490 225 60 440
S-N220 110 60 290 ~316 |32.0~36.0| 4.7~5.1 | 520~585 ) 50 370
S-N300 100 50 285~310 |29.0~31.0| 3.6~3.9 | 415~480 19.5 55 340
S-N400 110 60 380 ~405 [40.0~46.0| 57~6.7 | 510 ~555 ) 45 280
S-N600 100 50 430 ~510 | 43.0~51.0| 8.0~10.5 | 500~ 700 11.0 40 210
S-N800 110 60 590 ~660 |65.0~72.0]12.5~14.5] 600 ~ 800 ) 35 180
S-N10 200 50 49 ~ 53 9.8~106 | 3.2~34 51 ~64 453 1270 3900
S-N11 220 60 45~ 48 9.9~106 | 3.5~37 58 ~ 69 1710 4700
SIN12 200 50 49 ~ 53 9.8~106 | 3.2~34 51 ~64 453 1270 3900

220 60 45~ 48 9.9~106 | 3.5~37 58 ~ 69 1710 4700
S-N18 200 50 49 ~ 53 9.8~106 | 3.2~34 51 ~64 453 1270 3900

220 60 45~ 48 9.9~106 | 3.5~3.7 58 ~ 69 1710 4700
SIN20 200 50 68 ~ 71 136~142| 42~44 80 ~93 203 910 2900

220 60 60~63 [121~126| 44~45 85 ~99 1200 3600
SN2 200 50 68 ~ 71 136~142| 42~44 80 ~93 203 910 2900

220 60 60~63 [121~126| 44~45 85 ~99 1200 3600
S-N25 200 50 57~72 [114~144| 35~44 | 100~ 113 249 980 3100
S-N35 220 60 51~67 [112~147| 3.7~46 | 105~119 1210 3700
S-N50 200 50 43 ~ 52 86~104 | 1.2~1.8 | 100~ 120 307 680 4200
S-N65 220 60 58~65 [12.8~143| 1.7~23 | 100~120 540 3600
S-N80 200 50 60~70 [12.0~14.0| 1.5~2.1 140 ~ 180 210 430 3000
S-N95 220 60 80~90 ([176~198| 24~3.0 | 180~210 370 2600
S-N125 200 50 72~82 |(144~164| 1.6~22 | 200~ 240 159 360 2600

220 60 96~106 |21.2~233| 2.6~3.2 [ 230~270 300 2200
S-N150 200 50 72~82 |(144~164| 16~22 | 210~250 159 360 2600

220 60 96 ~106 |21.2~233| 2.6~3.2 [ 240~280 300 2200
S-N180 200 50 126 ~131 | 24.0~27.0| 26~29 | 435~490 78 180 1600
S-N220 220 60 167 ~174 | 36.0~40.0 | 44~4.8 [ 520~ 585 150 1300
S-N300 200 50 155~162 | 31.0~33.0 | 34~37 | 415~480 76 180 1300
S-N400 220 60 205~213 |44.0~48.0| 54~6.4 | 510~555 150 1100
S-N600 200 50 230~270 | 46.0~54.0| 7.5~10.0 | 500 ~ 700 48.0 140 800
S-N800 220 60 310 ~350 [69.0~77.0|11.0~14.0 | 600 ~ 800 ) 115 660




Coil rating Characteristics Impedance (sealed)
Model . Inrush DC Effective
name Voltage | Frequency |Coil sealed| Sealed Sealed VA resistance | resistance Reactance
v) (Hz) (mA) VA watts (Q)
(Q) (Q)
S-N10 400 50 24 ~ 27 9.8~106 | 3.2~34 51 ~64 1929 5100 15500
S-N11 440 60 22 ~24 9.9~106 | 3.5~37 58 ~ 69 6800 19000
SIN12 400 50 24 ~ 27 98~106 | 3.2~34 51 ~64 1929 5100 15500
440 60 22~24 9.9~106 | 3.5~37 58 ~ 69 6800 18000
S-N18 400 50 24 ~ 27 98~106 | 3.2~34 51 ~64 1929 5100 15500
440 60 22 ~24 9.9~106 | 3.5~37 58 ~ 69 6800 18000
S-N20 400 50 34~36 |136~142| 42~44 80 ~93 1222 3500 11000
440 60 30~32 [121~126| 44~45 85 ~99 4650 14000
S-N21 400 50 34~36 |136~142| 42~44 80 ~93 1222 3500 11000
440 60 30~32 [121~126]| 44~45 85 ~99 4650 14000
S-N25 400 50 28~36 |[114~144| 35~44 | 100~113 1020 3900 12500
S-N35 440 60 25~34 [112~147]| 3.7~46 | 105~119 4800 15000
S-N50 400 50 22 ~27 86~104 | 1.1~17 | 100~ 120 1093 2400 16000
S-N65 440 60 29~34 14.3 1.6~22 | 100 ~120 1920 14000
S-N80 400 50 39~49 ([155~200| 2.1~29 | 190~ 260 590 1300 9000
S-N95 440 60 53~63 [23.0~28.0| 3.3~4.1 250 ~ 290 1100 7500
S-N125 400 50 51 ~61 205~245| 2.6~3.4 | 240~290 450 1000 7300
440 60 68~78 [295~345| 3.9~4.7 | 280~320 850 6100
S-N150 400 50 51 ~61 205~245| 2.6~34 | 240~290 450 1000 7300
440 60 68~78 [29.5~345| 3.9~4.7 | 280~320 850 6100
S-N180 400 50 66~76 |[26.0~330| 3.2~4.0 | 435~490 300 700 5600
S-N220 440 60 89~99 ([39.0~440]| 49~5.7 | 520 ~585 600 4600
S-N300 400 50 93~105 |37.0~420(| 45~53 | 415~480 245 500 4000
S-N400 440 60 125~137 | 55.0~58.0| 6.7~7.5 [ 510 ~555 400 3300
S-N600 400 50 145~170 | 58.0~68.0 [ 9.0~11.5 | 550 ~ 750 152 420 2500
S-N800 440 60 195 ~220 | 86.0 ~97.0 [ 13.5~ 16.5 [ 650 ~ 850 350 2100

Note: The impedance values are for reference purposes only.

Impedance-related values are unable to measure because of a built-in rectifier circuit.)
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4. Insulation Resistance

Specification value  : Greater than 5MQ
Measurement point : (a) With the contacts closed, between all the terminals and earth and control

Results

circuits (grounded)

(b) With the contacts closed, between the poles.

(c) With the contacts opened, between the electrically live parts and
grounding metal parts and control circuits (grounded)

(d) With the contacts opened, between the line terminals and load terminals.

(e) Between the electrically live parts of the control circuit and grounding
metal parts.

(f) Measure between one circuit and all other circuits in the control circuit
(grounded).

The all frames were over 100MQ.

5. Dielectric Withstanding Strength

Specification value  : To withstand for one minute under 2500V 50Hz or 60Hz.
Measurement point : Same points as for section 4.
Results The all frames were not abnormal for one minute under 2500V 60 Hz.

6. Operating Characteristics of Thermal Overload Relays
(1) Operation in 3-phase balanced (ambient temperature at 20°C)

(a)
(b)

(c)

Apply 720% of the setting current. The thermal overload relay is to operate within 2 to 15
seconds.

Apply the set current until the temperature of the thermal overload relay is saturated.

Then, apply 150% of the set current. The thermal overload relay is to operate within 8
minutes.

Apply 105% of the setting current for 2 hours. The thermal overload relay is not to operate.

After the temperature is saturated, apply 120% of the setting current. It is to operate within 2
hours.

(2) Operation in 3-phase unbalanced (ambient temperature at 20°C)

Apply all the poles with the setting current for 2 hours to saturated the temperature of the
thermal overload relay.

For the thermal relay with 3-pole heating element, disconnect one of the poles. Apply 132%

of the setting current for the rest 2 pole. The thermal overload relay is to operate within 2
hours.

Results: The all frames were satisfied with the above conditions.

The operating characteristics curves are shown on the following pages.
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7. Making Current Capacity

Test conditions Making operation (times)
Model Voltage |Frequency Making Power Applied voltage Cont_act
name (30V) (Hz) current factor Total 170V * 220V welding
(A) (lag) 60Hz 60Hz 60Hz
S-N10 484 60 125 0.34 200 50 50 100 None
S-N11 484 60 140 0.35 200 50 50 100 None
S-N12 484 60 140 0.35 200 50 50 100 None
S-N18 484 60 220 0.35 200 50 50 100 None
S-N20 484 60 286 0.32 200 50 50 100 None
S-N21 484 60 286 0.32 200 50 50 100 None
S-N25 484 60 312 0.33 200 50 50 100 None
S-N35 484 60 416 0.33 200 50 50 100 None
S-N50 484 60 500 0.35 200 50 50 100 None
S-N65 484 60 650 0.38 200 50 50 100 None
S-N80 484 60 800 0.35 200 50 50 100 None
S-N95 484 60 1000 0.35 200 50 50 100 None
S-N125 484 60 1250 0.33 200 50 50 100 None
S-N150 484 60 1500 0.35 200 50 50 100 None
S-N180 484 60 1800 0.35 200 50 50 100 None
S-N220 484 60 2200 0.33 200 50 50 100 None
S-N300 484 60 3000 0.35 200 50 50 100 None
S-N400 484 60 4000 0.33 200 50 50 100 None
S-N600 484 60 6300 0.35 200 50 50 100 None
S-N800 484 60 8000 0.35 200 50 50 100 None

Notes: 1. The making current capacity tests were conducted at the maximum rated operational currents between
200V and 500V.
2. Nominal ratings of the operating coil are AC200V.
3. *S-N10 to N35 are applied with 242VAC. S-N50 to N800 are applied with 264VAC.
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8. Breaking Current Capacity

Current
/

Py

Vokag

VAVAVAVAVA

513
1oms
[ O T

Coil current
{
| 1 T T I

Example of oscillogram of breaking current capacity test

P
4—4-10ms

[ T O T I

Test conditions

Arcing

Model Braking Power Braking . Test
name V(gl;a\%e Fre?l-tlxze)ncy current factor operation ::::; results
(A) (lag) (times)
484 60 110 0.35 25 4~10
S-N10 605 60 60 0.35 25 4~12 Good
726 60 40 0.33 25 6 ~22
484 60 120 0.35 25 4~10
S-N11 605 60 92 0.37 25 4~16 Good
726 60 57 0.35 25 6 ~25
484 60 120 0.35 25 4~10
S-N12 605 60 92 0.37 25 4~16 Good
726 60 57 0.35 25 6~25
484 60 144 0.33 25 4~12
S-N18 605 60 130 0.35 25 4 ~17 Good
726 60 72 0.33 25 10 ~ 30
484 60 225 0.33 25 4~10
S-N20 605 60 170 0.32 25 4~13 Good
726 60 72 0.33 25 10 ~ 30
484 60 225 0.33 25 4~10
S-N21 605 60 170 0.32 25 4~13 Good
726 60 72 0.33 25 10 ~ 30
484 60 270 0.33 25 4~11
S-N25 605 60 200 0.32 25 4~13 Good
726 60 100 0.33 25 10~25
484 60 360 0.33 25 4~11
S-N35 605 60 260 0.33 25 4~13 Good
726 60 140 0.33 25 10 ~ 30
484 60 480 0.35 25 3~12
S-N50 605 60 380 0.35 25 8~20 Good
726 60 310 0.35 25 10 ~ 30
484 60 650 0.38 25 5~18
S-N65 605 60 450 0.35 25 10~25 Good
726 60 310 0.35 25 10 ~ 30
484 60 800 0.32 25 4~12
S-N80 605 60 750 0.33 25 10 ~17 Good
726 60 520 0.35 25 8~25
484 60 1000 0.35 25 5~15
S-N95 605 60 750 0.33 25 8~16 Good
726 60 520 0.35 25 8~25
484 60 1250 0.36 25 5~15
S-N125 605 60 900 0.38 25 4~15 Good
726 60 560 0.32 25 9~16
484 60 1500 0.32 25 5~14
S-N150 605 60 1400 0.34 25 10~18 Good
726 60 800 0.36 25 9~17
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Test conditions Arcing

Model Voltage | Frequency Braking Power Brakir)g time Test

name (32 V) (Hz) current factor opt_eratlon (ms) results
(A) (lag) (times)

484 60 1800 0.32 25 5~18

S-N180 605 60 1800 0.32 25 5~18 Good
726 60 1200 0.33 25 5~16
484 60 2200 0.34 25 5~18

S-N220 605 60 2000 0.32 25 5~16 Good
726 60 1200 0.31 25 5~16
484 60 3000 0.35 25 7~16

S-N300 605 60 2500 0.33 25 5~13 Good
726 60 1800 0.35 25 7~15
484 60 4000 0.33 25 7~16

S-N400 605 60 3500 0.35 25 8~17 Good
726 60 2400 0.31 25 9~16
484 60 6300 0.36 25 6~17

S-N600 605 60 5000 0.35 25 5~15 Good
726 60 3400 0.32 25 5~12
484 60 8000 0.32 25 6~17

S-N800 605 60 7200 0.32 25 6~15 Good
726 60 5100 0.35 25 7~15
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9. Reverse Switching

Define the following procedure as one cycle: Closing contacts A — opening contacts A, immediately*'
after this, closing contacts B — opening contacts B — rest for 10 seconds (le**: 100A or less) or for 30
seconds (le: over 100A) — closing contacts B — opening contacts B, immediately after this, closing con-
tacts A - opening contacts A — rest for 10 or 30 seconds. Repeat 10 cycles of this.

Here, "A" and "B" are forward and reverse contactors, respectively.
1 "Immediately" means the shortest reverse switching time.

*2

Test circuit :

Current

Main circuit

le = rated operational current

Snap
switch

Operating circuit

3/T2 curren
3/T2 voltag

5/T3 current

MU

/ Forward coil everse coil/\/
III|III\VIIIIIIII

Coil current

/ 1/T1 current

t

Current-off time
oz

Example of oscillogram of reverse switching test

Test conditions

Test results

n:::]il Voltage Frequency Current Power factor Cycle Arcing time C!Jrrent-off

(32, V) (Hz) (A) (lag) (ms) time (ms)

MSO2xN10 | gog 50 % 035 10 as7 | 7la8
MSO2xN1T | s 50 % 036 10 a2 | 7-1s
MSO2xN18 | s 50 100 035 10 4s15 | 5.2
MSO-2xN20 | s 50 100 032 10 4<13 | 5-13
MSO2xN21 | g 50 100 032 10 as13 | 5-13
MSO2xN25 | s 50 120 034 10 4s1s | 5-1s
MSO2xN35 | s 50 70 034 10 4~15 | 5=
MSO-2xNS0 | s 50 30 038 10 sois | a-13
MSO2xN65 | gos 50 450 035 10 so10 | 4-12
MSO-2xN8O | s 50 750 036 10 5-16 | 11-19
MSO-2xN%5 | s 50 750 038 10 o-io | i1-1o
MSO-2 x N125 P o b 03 " P 5~ 20
wozavwo | &4 | | wm | om0 eu 0
MSO-2xN180 | s 50 1500 036 10 2Sie | i2-2
MSO-2xN220 | s 50 2000 032 10 soi6 | 1223
vso2xnaoo | 88 % e o3 0 7216 | -3
MSO2xN40O | og 50 3500 035 10 soi7 | 133
52 x N600 505 50 5000 036 10 5-i5 | 50-60
52 x N800 505 50 7200 032 10 615 | 50-60
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10. Operating Frequency

Test conditions Temperature rise (°C [K])
Model naking Power prakdng Power | Operations | Operating .
name Vo(l\tla;ge Cu(l;()ent factor Vo(l\tla;ge Cu(l;()ent factor | per hour coil Contacts | Terminals

(lag) (lag)
MSONO | Gao | wp | o | 75 | 7 | o | w0 | 1o | 3 | i
worty | 20 | e e [ oe | me | | e | @
wore | 20 | [ e[ o | | e |
MSON'S | Gao | 'zs | o3 | 76 | 13 | o | w0 | 22 | s | i
MSON20 | Gao | top | o3 | 75 | 1 | o | w0 | e | s | o
worer | 20 | s e [ o | | m e |y
MSONZS | o | iaa | os | 75 | 24 | oss | dso | o1 | a0 | o
MSONSS | o | top | oss | 75 | s | oss | de0 | s | 4 | 30
MSO-N50 440 300 0.35 75 50 0.35 1200 38 60 30
MSO-N65 440 390 0.35 75 65 0.35 1200 39 62 32
MSO-N80 440 480 0.35 75 80 0.35 1200 30 70 31
MSO-N95 440 600 0.35 75 100 0.35 1200 32 72 33
MSO-N125 440 750 0.35 75 125 0.35 1200 40 66 36
MSO-N150 440 900 0.35 75 150 0.35 1200 40 58 30
MSO-N180 440 1080 0.35 75 180 0.35 1200 50 80 51
MSO-N220 440 1320 0.35 75 220 0.35 1200 50 79 50
MSO-N300 440 1800 0.35 75 300 0.35 1200 50 83 50
MSO-N400 440 2400 0.35 75 400 0.35 1200 52 87 57
S-N600 440 3780 0.35 75 630 0.35 1200 60 52 39
S-N800 440 4800 0.35 75 800 0.35 1200 60 57 41

Note: For MSO-N50 to N400, S-N600 and N800, the tests were conducted at the maximum rated operational currents between
200V and 440V.
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11. Mechanical Endurance

Criteria : No damage on parts

Test conditions : Apply the AC200V operating coils with the following voltages: 210V 50Hz for MSO-
N10 to MSO-N35, 252V 60Hz for MSO-N50 to MSO-N400, S-N600 and S-N800.
Measure the pick-up voltages and drop-out voltages when applying 60Hz. Measure
the pick-up times and drop-out times when applying 220V 60Hz.

After 2,000,000 After 5,000,000 After 10,000,000
Before test . . .
operatings operatings operatings =
Operating o 1 - — @
Model | ¢ quency | TISKUP | pigkyp | Pickup | pigy g | Pickup | iy p | Pickeup | pipip | @
name voltage/ . voltage/ . voltage/ ; voltage/ . -
(cycles/h) Drop-out time/ Drop-out time/ Drop-out time/ Drop-out time/ 3
p Drop-out p Drop-out p Drop-out p Drop-out | ~
voltage time (ms) voltage time (ms) voltage time (ms) voltage time (ms)
(V) v) V) )
113~120/ | 12~18/ | 114~120/ | 12~18/ | 112~122/ | 12~18/ | 111~121/ | 12~18/
MSO-N10 14400 86~106 | 7~14 | 84~106 | 7~14 | 85~108 | 7~14 | 8e~108 | 7~14 |OK
113~120/ | 12~18/ | 114~120/ | 12~18/ | 112~122/ | 12~18/ | 111~121/ | 12~18/
MSO-N11 14400 86~106 | 7~14 | 84~106 | 7~14 | 85~108 | 7~14 | 8e~108 | 7~14 |OK
130~142/ | 13~18/ | 131~143/ | 13~18/ | 130~145/ | 13~18/ | 132~145/ | 13~18/
MSO-N12 14400 | 96106 | 7~15 | 97~107 | 7~15 | 97~108 | 7~15 | 98~109 | 7~15 |OK
124~137/ | 8~16/ | 124~138/ | 8-17/ | 123~138/ | 8~17/ | 123~138/ | 8-17/
MSO-N18 14400 | 4o0~125 | 6~16 | 100~126 | 6~16 | 98~122 | 7~17 | 99~123 | 7~17 |OK
135~144/ | 12~18/ | 137~145/ | 12~20/ | 136~146/ | 12~20/ | 137~147/ | 12~20/
MSO-N20 14400 95~110 | 6~13 | 97~111 | 6~13 | 97~111 | 6~14 | 97~112 | 6~14 |OK
129~135/ | 12~16/ | 130~137/ | 12~18/ | 129~138/ | 12~18/ | 131~139/ | 12~18/
MSO-N21 14400 | 400~114 | 8~14 | 101~115 | 8~14 | 99~115 | 8-15 | 100~114 | 8~15 |OK
127~143/ | 11~20/ | 125~143/ | 11~20/ | 125~143/ | 11~20/ | 123~143/ | 11~20/
MSO-N25 14400 | 95145 | 5~14 | 95~115 | 515 | 90~110 | 5-16 | 89~108 | 5~16 |OK
MSO-N35 1aa00 | 1277143/ | 11=200 [ 125143/ [ 11~20/ | 1254143/ [ 11~20/ | 123~143/ [ 11~20/ |

95~115 5~14 95~115 5~15 90~110 5~16 89~108 5~16

115125/ | 13~24/ | 117~127/ | 13~25/ | 108~118/ | 13~26/
MSO-N50 7200 45~65 | 40~65 | 37~55 | 45~75 | 35~50 | 50~80 - - OK

115125/ | 13~24/ | 117~127/ | 13~25/ | 108~118/ | 13~26/
MSO-N65 7200 45~65 | 40~65 | 37~55 | 45~75 | 35~50 | 50~80 - - OK

110~130/ | 22~32/ | 108128/ | 22~32/ | 106-122/ | 22~32/
MSO-Na0 7200 75~100 | 48~98 | 60~90 | 60~100 | 55~85 | 62~102 - - |OK

110~130/ | 22~32/ | 108128/ | 22~32/ | 106-122/ | 22~32/
MSO-No5 7200 75100 | 48~98 | 60~90 | 60~100 | 55~85 | 62~102 - - |OK

110~135/ | 20~30/ | 110~132/ | 19~20/ | 110~132/ | 19~29/
MSO-N125 | 3600 70~105 | 56~106 | 73~107 | 58~110 | 77~111 | 58~110 - - K

115~140/ | 24~34/ | 113~138/ | 24~34/ | 111~137/ | 23~33/
MSO-N150 3600 75~110 | 51~101 | 75~112 | 50~102 | 75~115 | 50~105 - - oK

124131/ | 25-35/ | 123-130/ | 24~34] | 121-128/ | 24~34/
MSO-N180 | 3600 71~00 | 85-102 | 75~95 | 80~102 | 75~100 | 80~105 - - |OK

124131/ | 25-35/ | 123-130/ | 24~34/ | 121-128/ | 24~34/
MSO-N220 | 3600 71~00 | 85-102 | 75~95 | 80~102 | 75~100 | 80~105 - - |OK

111~130/ | 35~45/ | 110~129/ | 33~43/ | 108~127/ | 33~43/
MSO-N300 | 3600 70~104 | 121~151 | 72~106 | 117~148 | 74~110 | 117~148 - - K

111~130/ | 35~45/ | 110~129/ | 33~43/ | 108~127/ | 33~43/
MSO-N400 3600 70~104 | 121~151 | 72~106 | 117~148 | 74~110 | 117~148 - - OK

108~130/ | 51~80/ | 106~129/ | 51~80/ | 104~127/ | 51~80/
S-N600 3600 60~90 | 57~93 | 60~85 | 60~93 | 59~83 | 63~94 - - OK

108130/ | 51~80/ | 106~129/ | 51~80/ | 104~127/ | 51-80/
S-N800 3600 60~90 | 57~93 | 60~85 | 60~93 | 59~83 | 63-94 - - |OK
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12. Electrical Endurance

Category AC-3

ble

b Lo Lo 1,800 operations/hour

0.1 0.658 2.255 1,200 operations/hour
220V

Test conditions Maximum contact . S
Model Power : Operations wear (%) I_nsulation [;Iteal ﬁgt\r/lglggz-
name Vé);t?\?)e Cll.;r(rf\;\t factor Opera}:tlons (x10°) 500,:)_00 After test resistance (MQ) (for 1 minute)
(lag) per hour operatings

S-N10 ggg 1; 8:32 ]ggg ! 1° ég 100 or over 2500 good
S-N11 ggg 1;’ 8232 ]ggg ! ]g :158 100 or over 2500 good
S-N12 228 12 822 1288 1 13 2(1) 100 or over 2500 good
S-N18 228 12 82‘51 1288 1 12 :1)’:13 100 or over 2500 good
S-N20 ggg 2 8:3‘; ]ggg ! 12 o 100 or over 2500 good
S-N21 ggg 2 8:3‘; ]ggg ! e ?g 100 or over 2500 good
S-N25 228 ;8 822 1288 1 1; ?; 100 or over 2500 good
S-N35 ggg gg 8:2; 1288 1 13 ?g 100 or over 2500 good
S-N50 ggg gg 8232 ]588 ! 1§ ‘1‘; 100 or over 2500 good
S-N65 ggg gg 8:32 ]588 ! i gg 100 or over 2500 good
S-N80 ggg gg 8:2? 1388 1 fg ‘2‘2 100 or over 2500 good
S-N95 ggg 198 83; ggg 1 1; gf’ 100 or over 2500 good
S-N125 ggg ]gg 8232 ]588 ! 13 > 100 or over 2500 good
S-N150 ggg ]gg 8:3‘; ]588 ! 20 2 100 or over 2500 good
S-N180 ggg 128 8:2; 1388 1 fg ‘2‘§ 100 or over 2500 good
S-N220 228 fgg 82? 1%88 1 12 :1)’@7; 100 or over 2500 good
S-N300 ggg ggg 8:% ]588 ! 12 ?g 100 or over 2500 good
S-N400 ggg 388 8232 ]588 05 . ég 100 or over 2500 good
S-N600 ggg ggg 8:33 ]588 05 . gg 100 or over 2500 good
S-N800 ggg ggg gzgg 1388 01'5 o 22 100 or over 2500 good
Criteria 50 or less 1 or over 2500VAC or over
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440V

Test conditions

Maximum contact

Model Operations wear (%) Insulation Dielectric with-
name |Voltage | Current ':::::: Operations |  (x10°) 500,000 |y poc res(ﬂg;'nce (sft::n? r;?:\tl?t%‘;
Ee (V) | le (A) (lag) per hour operatings
SN10 | 4a0 [ e o ! 19 20 100 or over 2500 good
SN11 | 490 A o ] 12 29 100 or over 2500 good
S-N12 328 g ggg 1288 1 13 ?1 100 or over 2500 good
S-N18 328 13 822 ]288 ] 1(’25 :1)’; 100 or over 2500 good
sN20 | g | 29| o o ! " 2 100 or over 2500 good
sN21 | 490 e o ] 1 2 100 or over 2500 good
S-N25 328 ?g ggg 1288 1 1; :1)’(7) 100 or over 2500 good
S-N35 328 2‘21 82? 1288 ] 1; ?é 100 or over 2500 good
SENC e oo ! I A 100 or over 2500 good
SNes | 4i0 o o ] 1 o 100 or over 2500 good
SRV e N ! b o 100 or over 2500 good
SNos | 4a0 O o ! i o 100 or over 2500 good
sN12s | g0 | To0 | 033 o ! - - 100 or over 2500 good
SN150 | 420 | 150 | 037 o ] s B 100 or over 2500 good
S-N180 328 128 gg‘; 1288 1 22 ‘211 100 or over 2500 good
S-N220 328 %8 822 1388 ] 12 ‘112.) 100 or over 2500 good
S-N300 328 ggg 8:2? 1388 ! 2; ‘1% 100 or over 2500 good
sN400 | 320 | 300 | 037 o 0.5 » 3 100 or over 2500 good
N6 | 30 | S0 | o3s | 1200 | o7 15 3 | 100orower | 2500 good
o | 58 | x| | 07 | o | | weow | e
Criteria 50 or less 1 or over 2500VAC or over
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Category AC-4

6le
|

0.058 5.958 600 operations/hour

0.058 - 1‘1492? 300 operations/hour

0.055 213'95? 150 operations/hour

LSS,_S'E'ES,?,*&) operations/hour
220V
Model Test conditions Operations MaXIvT:;? (coz)ntact Ins_ulation Diele_ctric with-
name | Voltage | Current ?::tlg: Operations (x10°) After test res;:ng?ce st(afgf[ln?n;/:l::z;?e
Ee (V) | le (A) (lag) per hour

sN1o | 220 S oo oo o 100 or over 2500 good
sNi1 | 220 1 1) 035 o0 003 > 100 or over 2500 good
S-N12 228 1; 822 288 882 gg 100 or over 2500 good
S-N18 328 1? 82; 288 882 fg 100 or over 2500 good
sN20 | 22| 1% 0% oo oo > 100 or over 2500 good
sN21 | 220 | 18 ) 037 o0 003 o 100 or over 2500 good
S-N25 228 %? 822 288 882 fg 100 or over 2500 good
sN3s | 220 | 20| 033 o0 003 - 100 or over 2500 good
sNso | 220 | 3% | 038 S oo - 100 or over 2500 good
SNes | 50 | 50 | 03 3o 003 o 100 or over 2500 good
sNngo | 220 | 55 | 0% S 003 2 100 or over 2500 good
sNos | 220 | 80 | 0% o 003 > 100 or over 2500 good
sNi2s | 220 | 9% | 0% B oo b 100 or over 2500 good
sN1s0 [ 550 | 125 | 037 30 003 > 100 or over 2500 good
sN1go | 220 | 150 | 035 o 003 2 100 or over 2500 good
S-N220 328 ]28 822 288 882 g? 100 or over 2500 good
SN300 | 520 | 220 | 032 o oo i~ 100 or over 2500 good
sN4o0 [ 520 | 390 | 032 30 003 > 100 or over 2500 good
sNeoo | 220 | 400 | 03 o 003 3 100 or over 2500 good
sNgoo | 220 | &30 | 037 o 003 o 100 or over 2500 good
Criteria 50 or less 1 or over 2500AC or over
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440V

Test conditions

Maximum contact

Model Operations wear (%) Insulation Dielectric with-
name | Voltage | Current ?::tlg: Operations (x10°) After test res(ﬁg;‘lce Stggﬂn?n;l:lﬁ?e
Ee (V) | le (A) (lag) per hour

SN0 | 430 | 4 | 04 | o0 0.05 % 1000rover | 2500 good
SN1T | 40 | o | 033 | 600 005 5 100 orover | 2500 good
SN2 | 40 | & | o33 | o0 0.05 5 1000rover | 2500 good
SN18 | 430 | o | 0 | o0 0.05 o 1000rover | 2500 good
sN0 | a0 | 'S | 034 | a0 0.05 % 1000rover | 2500 good
sN2t | dao |9 | 034 | eoo 0.05 % 100 orover | 2500 good
sN25 | 40 | 15 | oss | o0 0.05 % 1000rover | 2500 good
SN35 | 4a0 Fall o0 oo o 100 or over 2500 good
SNSO | 430 | 34 | 057 | 300 003 51 1000rover | 2500 good
SN5 | 4o | 3 | 0% | 300 003 57 100 orover | 2500 good
sNgo | ga0 | %2 | 0% o0 g1 X 100 or over 2500 good
sNos | 40 | o | o o oo b 100 or over 2500 good
S-N125 328 32 8:22 ggg 8:8;’5 gg 100 or over 2500 good
S-N150 328 1;8 8:22 ggg 8:8;5 gg 100 or over 2500 good
sN1go | 420 | 130 | 03 o g1 2 100 or over 2500 good
S-N220 328 ]28 822 288 88:135 g; 100 or over 2500 good
S-N300 328 fgg 8:22 ggg 8:8;’5 gg 100 or over 2500 good
S-N400 328 ggg 8:2‘; ggg 8:8;5 gg 100 or over 2500 good
S-N600 328 ggg 8:22 128 8:8;5 gg 100 or over 2500 good
S-N800 328 288 8:22 gg 8:8;5 23 100 or over 2500 good
Criteria 50 or less 1 or over 2500VAC or over
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13. Resistance to Vibration

13.1 Resonance and erroneous operation test

Maintain the constant acceleration of 19.8 m/s?. Increase the frequency gradually from 10 Hz to 55 Hz.
Then, decrease it gradually from 55 Hz to 10 Hz. Check if the contacts have parted.

13.2 Endurance test durability

Conduct a vibration test at vibration frequency of 16.7 Hz and magnitude of 4 mm for one hour in each
direction, 6 hours in total. Check the changes in the characteristics, damage and mechanical loose-
ness before and after the testing.

Conditions :

Magnetic contactor : Check NC contact for erroneous contact with the operating coil
off.
Check the main and auxiliary NO contacts for erroneous contact.
With the operating coil on (with 85% of the rated voltage applied),

Thermal overload relay . Apply the thermal overload relay with the current corresponding
to the minimum division. When the temperature becomes satu-
rated, check NC contact for erroneous contact.

Direction of applying vibration  : Fore and aft, left and right, and up and down

Detection of erroneous contact : The contacts is considered to be erroneous contact if they have
parted for 1 ms or longer.

Screws : Tighten the screws at 80% of their respective standard torque
values.

Results :

For S-N10 to N800 and TH-N12 to N600, they were not erroneous contact in the erroneous contact
vibration testing and show no changes in the characteristics, parts damage, loose screws or similar
defects in the constant vibration durability testing.
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14. Resistance to Shock

Apply sinusoidal impulse to check for erroneous contact and parts E—
damage. Accel-
Impulse waveform: See the figure on the right. eration
Number of impulse: 5 times in each direction (3 times with the e
operating coil off and 2 times with the op-
erating coil on) 4~6ms
Criteria : Erroneous contact 49m/s? or over, parts Impulse acceleration waveform

damage 490m/s? or over

Test conditions

n - Results
Model Thermal overlc():aad"t;ai:-xgy Operating coil Test
name Nominal Current Voltage Frequency device 49m/s? 490m/s?
(A) (A) V) (Hz)

MSO-N10 9 7 170 60 Pendulum | No erroneous | \ . 4 mage
type contact

MSO-N11 9 7 170 60 Pendulum | No erroneous |\, 4amage
type contact

MSO-N12 9 7 170 60 Pendulum | No erroneous | \ ) 4 mage
type contact

MSO-N18 15 12 170 60 Pendulum | No erroneous | \ . 4 mage
type contact

MSO-N20 15 12 170 60 Pendulum | No erroneous |\ 4amage
type contact

MSO-N21 15 12 170 60 Pendulum | No erroneous | \ ) 4 mage
type contact

MSO-N25 22 18 170 60 Pendulum | No erroneous | \ . 4 mage
type contact

MSO-N35 35 30 170 60 Pendulum | No erroneous | \ ) 4 mage
type contact

MSO-N50 42 34 170 60 Pendulum | No erroneous | \ ) 4 mage
type contact

MSO-N65 54 43 170 60 Pendulum | No erroneous | \ . 4 mage
type contact

MSO-N80 67 54 170 60 Pendulum | No erroneous | v 4amage
type contact

MSO-N95 82 65 170 60 Pendulum | No erroneous | \ ) 4 mage
type contact

MSO-N125 105 85 170 60 Pendulum | No erroneous | \ . 4, mage
type contact

MSO-N150 125 100 170 60 Pendulum | No erroneous |\ 4amage
type contact

MSO-N180 150 120 170 60 Pendulum | No erroneous | \ ) 4 mage
type contact

MSO-N220 180 140 170 60 Pendulum | No erroneous | \ ) 4 mage
type contact

MSO-N300 250 200 170 60 Drop type | 'O 81TON€OUS |\ 4amage
contact

MSO-N400 330 270 170 60 Drop type | 'O 81TON€OUS |\ 4amage
contact

No erroneous
S-N600 - - 170 60 Drop type contact No damage
No erroneous
S-N800 - - 170 60 Drop type contact No damage

Note: Nominal rating of the coil: AC200V. The operating coils are turned on in one hour after starting applying the
test voltage.
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15. Short-time current withstand for contactors

0. 10 20 30 40 50 80 100 200 300 400 5|oo 80‘0‘1?00 2000 3000 5000 800010000
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Carrying current (A)

Note: This diagram shows the relationships between the current and the duration where the temperatures of the contacts of the
magnetic contactors reach their threshold temperatures that do not hinder continuous operation.
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Type SD-N and SL(D)-N Magnetic Contactors
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1. DC Operated Magnetic Contactors <Type SD-N>

Type SD-N DC operated magnetic contactors are the same as S-N type magnetic contactors except
that the operating electromagnet is DC operated.

(1)

(2)

(3)

Structure

Parts other than the iron core, operating coil and mount are the same as those of the AC operated
type S-N.

Type SD-N11 to N65 magnetic contactors use one coil system while type SD-N80 to N400 use
two-coil system.

The electromagnet used on type SD-N11 to N400 are given the total voltage directly. Since the
coil resistance alone limits the current, it is free from a rush current, thus producing stable opera-
tion. To make compact the electromagnets used on type SD-N600 and N800, the saving resistor
system with one coil is employed.

Ratings
The contact ratings are the same as those of the AC operated type S-N.

Temperature rise
Ambient temperature at 40°C
Model Temperature rise (°C [K]) . Test .con.ditic_)ns _ _
name Coil Contact Terminal Coil voltage Main circuit Con_nectmg wire
(VDC) current (A) size (mm?)
s;?ungsard 100+ o 65 B B B
SD-N11 60 34 33 100 20 3.5
SD-N12 60 34 33 100 20 3.5
SD-N21 75 40 35 100 32 5.5
SD-N35 75 36 33 100 60 14
SD-N50 72 56 42 100 80 22
SD-N65 72 65 46 100 100 38
SD-N80 62 80 50 100 135 60
SD-N95 62 96 59 100 150 60
SD-N125 75 82 55 100 150 60
SD-N150 75 84 55 100 200 100
SD-N220 76 78 49 100 260 150
SD-N300 75 73 47 100 350 250
SD-N400 77 80 46 100 450 150 x 2
SD-N600 | 67 (170) 59 44 100 800 505 copper
flat bar x 2
SD-N800 | 72 (175) 62 45 100 1000 605 copper
flat bar x 2
Notes: 1. Nominal rating of the coil: DC100V.

1

2. * Indicates IEC 60947-4-1 class E insulation.

3. #*x Up to temperatures not harmful to items around (approximately 100°C [K])

4. The DC power supply is a three-phase full wave rectification without smoothing circuit.

5. The coil temperature rise values in the parentheses for the type SD-N600 and N800 indicate the
temperature rise in the resistors.
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(4) Operating characteristics

Item Pick-up voltage Drop-out voltage | Coil seiled current Operating time S:rl:sttl:::ﬁ
(VDC) (VDC) (mA) 40°C cold (ms) (ms)

Coil 40°c 40°c 4ogc 40°c
Model \designation Id 40°C hot Id 40°C hot Id 40°C hot | Pick-up | Drop-out Id
name DC(V) co co co co
SD-N11 100 50~65 60~75 10~26 14~30 58~68 46~56 45 13 35
SD-N12 100 50~65 65~80 13~29 17~33 58~68 46~56 45 13 35
SD-N21 100 50~65 65~80 14~30 20~36 | 91~101 68~78 45 12 35
SD-N35 100 50~65 65~80 16~32 22~38 | 91~101 68~78 45 8 35
SD-N50
SD-N65 100 56~70 67~78 20~30 31~42 | 190~210 | 153~173 50 13 65
SD-N80
SD-N95 100 54~70 60~70 20~30 30~40 | 210~230 | 174~194 75 18 80
SD-N125 100 54~70 65~82 17~29 29~41 | 275~295 | 227~243 125 22 100
SD-N150 100 54~70 65~80 18~31 29~42 | 275~295 | 227~243 135 37 100
SD-N220 100 56~70 67~79 13~27 19~40 | 432~452 | 375~393 145 40 125
SD-N300
SD-N400 100 57~70 68~80 13~27 19~40 | 584~604 | 510~527 175 55 220
SD-N600
SD-N800 100 58~75 65~79 23~42 27~51 | 680~752 | 614~677 105 80 50

Notes: 1. At the coil ratings other than those for DC100V, calculate the pick-up voltages and drop-out voltage approxi-
mately by multiplying the above values by the voltage ratio to DC100V.
2. The operating times and coil time constants for the coil ratings other than those of DC100V are approximately
the same as the values in the table above.
3. The coil has no rush current. (Except the SD-N600 and N800)
4. Use a power supply free from pulsation to measure the pick-up voltages and the drop-out voltages.

(5) Mechanical endurance
Nominal rating of the coil: DC100V, 105VDC applied

Switching Before test After 5,000,000 cycles | After 10,000,000 cycles
Model frequency (vDC) (vDC) (vDC) Test
Name ’ (Ol)/e;a' Pick-up | Drop-out | Pick-up | Drop-out | Pick-up | Drop-out | "esults
ions/ hour) voltage voltage voltage voltage voltage voltage

SD- 211,\”1 7200 50 ~ 55 14 ~ 20 52 ~ 58 10~ 18 52 ~ 58 10~ 18 OK

SD- N12 7200 53 ~ 58 17 ~ 23 55~ 60 12~21 55 ~ 60 12~21 OK

SD- N1 7200 52 ~ 57 17 ~ 23 54 ~ 60 12~21 54 ~ 60 12~21 OK
2 x N21

SD- N3S 7200 52 ~ 57 20 ~ 26 54 ~ 60 14 ~ 23 54 ~ 60 14 ~ 23 OK
2 x N35
N50

sD- 30 o | 7200 | s4~67 | 20~30 | 56~70 | 27~30 - . oK
N65

SD- 5 NG5 7200 54 ~ 67 20 ~ 30 56 ~ 70 27 ~ 30 - _ OK
N80

SD- 2 % N80 7200 55~ 67 19~24 57 ~70 27 ~ 37 - _ OK
N95

SD- 2« N95 7200 55~ 67 19~24 57~70 27 ~ 37 - _ OK

SD- N125 3600 50 ~ 65 16 ~ 28 52 ~ 68 25~35 OK
2 x N125 - -
N150

SD- 5. N150 3600 50 ~ 65 17 ~ 30 52 ~ 68 27 ~35 _ _ OK
N220

SD- 2 % N220 3600 52 ~ 65 12~25 53~ 68 30~38 - _ OK
N300

SD- 2 % N300 3600 53 ~ 65 12~25 55 ~68 31~42 - _ OK
N400

SD- 2 % N400 3600 53 ~ 65 12~25 55~ 68 29 ~43 _ _ OK

SD- NG00 3600 55 ~ 66 28 ~ 37 53 ~69 24 ~ 32 OK
2 x N600 - -
N800

SD- 2 % N800 3600 55 ~ 66 28 ~ 37 54 ~ 69 22 ~ 31 - _ OK
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2. Mechanically Latched Magnetic Contactors <Type SL-N and SLD-N>

Type SL-N and SLD-N mechanically latched magnetic contactors are the same as type S-N magnetic
contactors with a latch mechanism and are equipped with a closing coil and a tripping coil. To close
the contacts, the closing coil is magnetized to hold the closed state mechanically. To release the
contacts, the tripping coil is magnetized to disengage the latch.

(1) Application
e Used in a memory circuit where the contactors keep the circuit closed during power outage,
momentary power outage or voltage drop.

¢ Used in the power distributor circuit for a facility such as in hospitals and office buildings that
should be free from noise.

¢ Used in a circuit such as street lamps that are electrically live for a long time.
¢ To save usual coil power consumption in a circuit where switching frequency is low.

(2) Ratings and specifications

Rated operational
current 3-ph, Rated con- .
Model category AC-3 tinuous | Standard | Making and Switching Endurance
free aux. breaking
Name (A) current frequency
contacts current

200- | 380- | 500- Ith (A) Mechanical | Electrical

220V | 440V | 550V
SL
SLD -N21 20 20 7 32 500,000 500,000
gtD -N35 35 32 26 60 operations operations
SL 2NO+2NC
SLD -N50 50 48 38 80
SL
SLD -N65 65 65 45 100
SL
SLD -N80 80 80 75 135
SL  Nes | 100 | 93| 75 150
SLD 10 times the
SL 125|125 | 120 | 90 150 rated opera- | +200 opera- | 250,000 250,000
SLD . tions/hour operations operaions
SL tional current
SLD -N150 | 150 | 150 | 140 200
Srp N220| 220 | 220 | 200 260 INO+2NC
SL
SLD -N300 | 300 | 300 | 250 350
SL
SLD -N400 | 400 | 400 | 350 450
SL
SLD -N600 | 630 | 630 | 500 660 100,000 100,000
gtD -N8oo | 800 | 800 | 720 800 operations operaitions

Notes: 1. Vibration strength: 10 to 55 Hz, 19.6 m/s? , Impact strength: 49 m/s?

2. The contact ratings are the same as those of type S-N.
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(3) Mechanical endurance

Test conditions

Closing voltage

Tripping voltage
v)

(v)
Model _ Test
name Voltage Fre- Switching results
applied uenc frequency Operations Before After Before After
to coil |9 (Hz) y (operations/ (x10°) testing testing testing testing
(V) hour)
SL- N21 134 50 1800 05 66 66 48 50 oK
SL- N35 134 50 1800 05 66 66 55 55 oK
SL- Hgg 134 50 1800 0.25 65 65 45 48 oK
SL- Hgg 134 50 1200 0.25 65 65 50 52 oK
SL- N125 | 134 50 1200 0.25 65 63 45 43 oK
SL- N150 | 134 50 1200 0.25 70 68 45 43 oK
SL- N220 | 134 50 1200 0.25 65 63 50 46 oK
N300
S Naoo | 134 50 1200 0.25 72 70 60 56 oK
N600
S ooy | 134 50 1200 0.1 70 74 65 73 oK
SLD- N21 | 116 | DC 1800 05 61 60 54 56 oK
SLD- N35 | 116 | DC 1800 05 61 60 60 61 oK
SLD- mgg 116 | DC 1800 0.25 60 60 40 45 oK
SLD- “Sg 116 | DC 1200 0.25 60 62 47 50 oK
SLD- N125| 116 | DC 1200 0.25 60 60 43 45 oK
SLD- N150| 116 | DC 1200 0.25 65 67 45 45 oK
SLD- N220| 116 | DC 1200 0.25 60 62 50 50 oK
N300
SLD- ooy | 116 | DC 1200 0.25 65 67 55 53 oK
N600
SLD- \aog| 116 | DC 1200 0.1 70 72 65 70 oK

Notes: 1. The designation of the closing and tripping coils for the type SL-N21 to N800 are those of AC100V.
2. The designation of the closing and tripping coils for the type SLD-N21 to N800 are those of DC100V.
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Performance for
Environmental Conditions
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1. Normal Service Conditions

Magnetic motor starters are used in a variety of environmental conditions. Since some of the
conditions greatly affect the performance of the magnetic motor starters, the environmental conditions
where they are used need to be specified.

Since manufacturers conduct performance testing in the standard working conditions, the performance
is guaranteed in the standard working conditions. The standard working conditions are described
below. Use of the magnetic motor starters in conditions other than below may cause failure.

a. Ambient temperature : Standard 20°C, range of working ambient temperature —10°C to +40°C
(maximum one-day average air temperature at 35°C, maximum year
average temperature at 25°C)

b. Maximum temperature in control panel : 55°C.

The ambient temperature for type MS with enclosure is 40°C.

It should be noted that the operating characteristics of magnetic
contactors and the thermal relays vary depending on the ambient
temperatures. Though operated normally, the insulation keeps
deteriorating. The life of insulation reduces particularly if the ambient
temperatures rise. It is said generally that the insulation life reduces to
half every time the ambient temperature rises by 6°C to 10°C
(Arrhenius' law).

c. Relative humidity : 4510 85% RH. No condensation or freezing is allowed.

d. Altitude : 2,000m or lower

e. Vibration resistance : 10 to 55 Hz, 19.6m/s?

f. Impact resistance : 49m/s?

g. Ambient : Steam, oil mist, dust, smoke, corrosive gases, flammable gases or salt
are not included much. Using for a long period in a shielded condition
may cause the contacts to fail.

h. Storage temperature : -30°C to +65°C. Neither condensation nor freezing is allowed.

The service temperature ranges for type MS-N are shown in table 1.

Table 1

Temperatures| Service temperature | Storage temperature
Specifications (°C) (°C)
Type MS-N with enclosure -30 to +40 —40 to +65
Type MSO-N and S-N without enclosure —-30 to +55 —40 to +65

Notes: 1. The storage temperatures is the temperature range during transport and storage. At the start of
operation the temperature must be in the service temperature range.
2. No condensation or freezing from rapid temperature changes are made conditions.
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2. Application in Special Environments
2.1 High temperature

When magnetic starters are to be used at high ambient temperature, the temperature is decided mainly
by the insulation endurance of the operating coil (continuous energization endurance) and the secular
variation of the molded parts.

The temperature rise of the operating coil is specified in the standard, including the ambient
temperature, as max. 125°C for class A insulation, and max. 140°C for class E insulation, but for series
MSO-N and S-N, class E insulation is used for long time use at a temperature of 55°C in the panel, and
the temperature rise is held to below class A.

In order to investigate the secular variation of molded parts, accelerated tests are executed at 120°C,
providing a margin over the temperature of 105°C, which is obtained by adding the ambient
temperature of 40°C to the standard value of 65°C for the temperature rise of the terminal part. As the
secular variation of the molded arts saturates at about 300 hours, a test time of 300 hours was
selected.

The results of the heating test for 300 hours at 120°C are shown in table 2. The results show that the
type MS-N series has an excellent stability in regard to aging change from temperature.

Table 2 Type MSO-N heating test results

Model

name MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO-

Hows Characteristics N10 | N11 | N12 | N21 | N35 | N50 | N80 | N125 | N150 | N220 | N400 | N800
Pick-up voltage (V 60 Hz) 137 | 139 | 143 | 151 153 | 120 | 121 118 | 119 | 113 | 121 125
0 |Drop-out voltage (V 60 Hz) 84 82 92 85 97 65 75 85 83 86 88 92
Drop-out time (ms) 8.5 8.5 7 10 8.5 48 74 85 82 98 130 85
Pick-up voltage (V 60 Hz) 140 | 141 145 | 153 | 155 | 123 | 124 | 120 | 121 115 | 123 | 127
300 | Drop-out voltage (V 60 Hz) 83 81 90 83 95 63 72 83 82 85 86 90

Drop-out time (ms) 8 8 6 9 8 45 70 82 80 99 128 83

Note: Nominal rating of the coil: AC200V.
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2.2 Low temperature

The magnetic motor starters and magnetic contactors in panels may be transported to cold climate
areas or used in severely cold conditions such as in cold climate areas or chilling units. For these
special applications, products to cold temperature specifications are available. Storage and working
temperatures for the standard products and low temperature specification are different as shown
below.

o Storage temperature ..... —40°C or above

No damage has occurred to any portion when tested by leaving the products at -50°C for one
month. The products are considered to well withstand storage at —40°C or higher temperatures.
Panels transported to cold climate areas are usually packaged waterproof and moisture-proof.
Products packaged in warm climate areas may cause condensation and freezing in cold climate
areas, possibly damaging the products. The packages therefore should be dehumidified
thoroughly. It is suggested that approximately 3 kg of silica gel be placed every 1 m® of package
as a desiccant.

e Service temperature ..... -30°C or above
A mechanical life test is conducted under the following conditions.
Temperature : =30°C
Voltage and frequency applied to coil : 220V 60 Hz to 200VAC coil
Switching frequency : 120 cycles/hour
Duty cycle : 0.66 % (to suppress temperature rise below 10°C)
Number of operating cycles : 3 months (250,000 cycles)

Since neither damage to parts nor any particular problems occur as a result of the test, the
products can be used at cold temperatures of —30°C or above. However, the humidity must be
thoroughly controlled because if moisture is attached, it freezes to cause damage. Although the
thermal relay may need a larger operating current, no compensation is necessary as long as the
motor and ambient temperatures are approximately the same.

36



2.3 High temperature, high humidity
Neither the magnetic motor starters nor the magnetic contactors are designed in principle to operate in

high temperature, high humidity conditions.

If used in such conditions, it is possible that the dielectric

strengths and electrical characteristics deteriorate, the life reduces and ferrous parts (electromagnets
and iron cores in particular) get rusted. The products should favorably be placed in damp-proof

casings.

Various tests are conducted, considering these conditions as abnormal.
specifications also call for tests in high temperature, high humidity conditions.

e Conditions

Ambient temperature :

Relative humidity
Switching frequency

Total switching

Test duration
Voltage applied to coil: 210V 50Hz (200VAC coil)

40°C

: 90 to 95%RH

: 3,600 cycles/hour

: 5,000,000 cycles
: 3 months

Note that the Lloyd

600VAC is applied between the poles of the main circuit auxiliary contact circuit to see if insulation

breakdown occurs.

e Test results

- Model | MSO- [ MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO- | MSO- S-
Measurement item name | N11 N12 N21 N35 N50 N80 | N125 | N150 | N220 | N400 | N800
Pick-up voltage 50 Hz 123 | 118 | 135 | 137 | 120 | 122 | 118 | 119 | 113 | 121 | 123

c @

S | Between poles 1,000 {1,000 {1,000 {1,000 1,000 1,000 |1,000 |1,000 [1,000 [1,000 |1,000
5|28 MQ or | MQ or | MQ or | MQ or | MQ or | MQ or | MQ or | MQ or | MQ or | MQ or | MQ or
9 2 g | Between live parts more | more | more | more | more | more | more | more | more | more | more
2 (= < and earth
s s
S| &

g E Between poles

-*g% 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V

oS 1Tmin. | 1Tmin. | 1 min. [ 1 min. [ 1 min. | 1 min. | 1 min. | 1 min. | 1 min. | 1 min. | 1 min.

=9 ) good | good | good | good | good | good | good | good | good | good | good
© ~ | Between live parts

o |andearth

2

(F{'/‘;k'“pVO'tagem Hz 120 | 112 | 135 | 135 | 117 | 120 | 116 | 117 | 110 | 117 | 119

1,000 | 700~ | 700~ | 700~ | 890~ | 800~ | 600~ | 650~ | 700~ | 800~ | 800~

S 8 | Between poles MQor | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000

=& more | MQ MQ MQ MQ MQ MQ MQ MQ MQ MQ
- |32 . 1,000 |1,000 {1,000 |1,000 |1,000 | 600~ | 600~ | 400~ | 600~ |1,000 |1,000
8| 2§|Betweenlive parts | g or | MQ or [ MQ or [ MQor [ Moor | 800 | 700 | 600 | 800 |MQor | MQor
2 more | more | more | more | more MQ MQ MQ MQ more | more
palln
Q| ©
‘!E E Between poles

-‘g%’, 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V | 2500V

oI Tmin. [ 1min. { 1T min. [ 1T min. [ 1 min. | 1 min. | 1 min. | 1 min. | 1 min. | 1 min. | 1 min.

=9 ) good | good | good | good | good | good | good | good | good | good | good

g ~ | Between live parts

o |andearth

2

Notes: 1. Measurement at the room temperature.

The insulation resistance is measured by a 1,000V insulation resistance tester.

2.
3. No insulation breakdown between the poles occurs at 600VAC during switching.
4.

The operating coil ratings are those of 200VAC.
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3. Voltage Drop Characteristics

The guaranteed range of operating voltage for magnetic motor
starters and magnetic contactors are 85% to 110% of the rated
voltage of the operating coils. However, voltage drop due to the
motor starting current reduces the attractive force of the
electromagnet after the closed contacts meet. If the attractive
force is lower than the reaction force, the contacts float. The
process of opening, voltage recovery, closing again, voltage drop
and contact floating is repeated at a high frequency, possibly
causing the contact to weld or melt.

The MS-N series are designed to balance the attraction and
reaction forces, suppress contact chattering and increase contact
weld capacity.

@ No chattering

@ Chattering happen

Attraction and reaction force

Main contacts
clos |

(1) Voltage drop test conditions | Reaction force
I

e Making current : 10le
(le: rated working current)
¢ Making operation: 50 times

——» Stroke

Waveform of voltage applied to operating coil:

Fig. 4 Characteristics of electromagnet
attraction force under voltage drop
due to motor starting

0.98c | 0.65E Ec: rated voltage
i + ¢ of operating coil
Coil ON Main contacts
ON
2%
R | 350V

] Pole R current

Coil current Pole S|

"L/\//\\/—\_

Cail voltage\/

JAYAY

N
)
S x

—
=<

Y2 %
130V Pole T

WAVAVAN

]

N
< —
) <~

<
N
X

(

Coil current /\\

Coil voltage 2 x

VIV

—y
(]
[«]

><

/
S

™t
q

Example of oscillogram of voltage
waveform applied to operating coil

Type S-N35 oscillogram for voltage drop making test

(2) Criteria [3@242V350A Pf 0.37 }

No contact weld.

E1:180V60Hz — EZ2:130V60Hz
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(3) Test results

Test conditions
name | gontact | Making | iC  arore |voltage whon closed| TO%tresults
closing (60Hz V) contact (60Hz V)
S-N10 484 125 180 130 No welding
S-N11 484 140 180 130 No welding
S-N12 484 140 180 130 No welding
S-N18 484 220 180 130 No welding
S-N20 484 286 180 130 No welding
S-N21 484 286 180 130 No welding
S-N25 484 312 180 130 No welding
S-N35 484 416 180 130 No welding
S-N50 484 550 180 130 No welding
S-N65 484 660 180 130 No welding
S-N80 484 850 180 130 No welding
S-N95 484 1050 180 130 No welding
S-N125 484 1270 180 130 No welding
S-N150 484 1520 180 130 No welding
S-N180 484 1850 180 130 No welding
S-N220 484 2500 180 130 No welding
S-N300 484 3250 180 130 No welding
S-N400 484 4400 180 130 No welding
S-N600 484 6400 180 130 No welding
S-N800 484 8300 180 130 No welding

Note: Nominal rating of the coil: AC200V
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4. Noise Characteristics

As a measure to suppress iron core beating, type S-N10 to N35 magnetic contactors use an optimized
design and vibration insulation for the electromagnets and type S-N50 to N800 magnetic contactors
use DC electromagnet with AC operation. These are referred to as "silent series".

4.1 Noise with contacts closed
L] Test conditions :
Nominal rating of the coil: AC200V
] . Soundproof chamber .....background noise 30 dB
Measured 30 times each with "characteristics A
( Fast"
Main body 10cm Noise level meter Devices tested ..... 10 units each
Table 3 Noise with contact closed (dB A Fast)
Voltage applied | 170V 60Hz | 200V 60Hz | 220V 60Hz
to coil
Type Average Average Average
Note:
S-N10 to N18 32 31 31 Indicates average
S-N20/N21 31 31 30 for 10 units.
S-N25/N35 31 31 30
S-N50/N65 30 30 30

4.2 Noise when switching

Table 4 shows the results of measuring switching noise at 220V 60Hz at a 10 cm distance with other
conditions same as those in section 4.1.

Table 4 Noise when switching

N20/N21 N25/N35 N50/N65 N80/N95 |(Test specimen)
- 4 units each
Closing 90 90 98 98 (dB characteristics A Fast)
Opening 84 86 98 98
4.4 Summary

It is concluded that the frames of S-N50 or larger using a DC electromagnet with AC-operation has no
problem with iron core beating. The performance of type S-N20 to N35 are significantly improved
against iron core beating due to pole gaps or unfavorable environments. They are characterized as
stable models without unforeseen beating.

The switching noise data may appear great as it is measured at a 10 cm distance. Actually, however,
the noise levels of type N20 to N35 are the same or lower and of type N50 or larger are significantly
reduced compared with the existing Mitsubishi models.
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5. Switching Impact

When switching a magnetic motor starter or a magnetic contactor installed in a control panel, the kinetic

energy is converted into impact energy at the stop of
the movable mechanism. This causes vibration as
shown in Fig. 5. The vibration may be transmitted to
other control devices in the control panel, possibly
causing them to function incorrectly. Since the
magnitude (acceleration and frequency) of the
vibration depends on the switching magnitude of the
magnetic contactor and the control panel
specifications (rigidity, number and locations of
devices installed, etc.), it is difficult to judge the
malfunction possibility without measuring vibration in
each case. For the MS-N series, impact
accelerations and observation of relay contact
malfunction are tested on the standard panel as
shown in Fig. 6.

Switching impact values
(Acceleration m/s? at frequencies ranging from 0 to 2,000 Hz)

Model name 200V 50Hz 220V 60Hz
S-N20, N21 14.7~19.6 9.8~14.7
S-N25, N35 14.7~19.6 9.8~14.7
S-N50, N65 14.7~19.6 14.7~24.5
S-N80, N95 19.6~29.4 24.5~39.2
S-N125 29.4~49.0 29.4~58.8
S-N150 29.4~49.0 29.4~58.8
S-N180, N220 49.0~78.4 58.8~88.2
S-N300, N400 49.0~78.4 58.8~88.2
S-N600, N800 118~137 176~206

Contact malfunction of other devices due to transmitted switching impact

Fig. 5 Vibration waveform of control
panel due to switching impact

| 700

Steel sheet
; thickness

/V 3.2

o 0 o

]

o o o

7

Contactor

800

Fig. 6 Standard panel for switching impact test

Impact source

S-N20 to N800 (with 220V 60Hz applied to AC200V coil)

. SR relay SR-N8  4NO +4NC
Subject TH-N12 to N120
of impact B
P TH thermal overload relay Applied with 100% of set current, temperature saturated.
SR relay No NC contact malfunction
Results TH th | load rel TH-N12: No NC contact malfunction on S-N20 to N220.
ermal overload relay TH-N20 to N120: No NC contact malfunction on S-N20 to N400.
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6. Protective Characteristics of DC Electromagnet with AC-operation
on type S-N50 to N800 Magnetic Contactors Against External Surge

A surge protective characteristics test is conducted on a silicon rectifier equipped with a surge
protection varistor. The results are summarized below.

6.1 Test specimen

Circuit voltage Silicon rectifier Varistor Applicable type

1A silicon rectifying device
V RRM = 600V NV 270D14 (made by NEC) S-N50'to N95

100 - 127VAC - - - ; .
3A silicon rectifying device Varistor voltage : 270V S-N125 to N400
V RRM = 600V
1A silicon rectifying device NV 470D14 (made by NEC)

200 -240VAC |\, ppwm = 0oV Varistor voltage : 470V S-N50 to N400

6.2 Test circuit
VRS : Varistor
RF : Rectifier

> MC : Magnetic contactor coil

X

Impulse
generator EK VRS RF

® o]

Impulse waveform: JEC171 +1 x 40 uS  1~7kV

6.3 Results
Varistor Varistor
terminal terminal
voltage (V) voltage (V) For 200 to 240V
800 ¢
For 200 to 240V For 100 to 127V
600 ¢— - ——-— / 420 ¢
/ \\
400 4 . . For 100 to 127V
\
\\

204S

Impulse generator adjusted to 7 kV

20uS

Impulse generator adjusted to 1 kV

Both devices for 100 to 127V and 200 to 240V application are protected without problem against
impulse of 1to 7 kV. The waveform of the varistor terminal voltage after surge absorption is shown on

page 43.

42



(1) Impulse generator output 1kV

For 100 to 127V For 200 to 240V

|

!

(]

ik

0 point

-
-~
4
-~
-
-
-

200V/div  Varistor terminal voltage (V) —
200V/div  Varistor terminal voltage (V) —»

b

Time 10 psec/div Time 10 psec/div

(2) Impulse generator output 7kV

For 100 to 127V For 200 to 240V

A aaaEE TIllll!llll

200V/div  Varistor terminal voltage (V) —

200V/div Varistor terminal

Time 10 psec/div Time 10 psec/div

6.4 Surge generation due to switching coil

S ApN When breaking the exciting current of a coil
- HWJ _____ (MC), the surge generated in the coil (MC) is a
i 2 \\\ forward current with respect to the rectifier in
VK | the direction of i2 shown in the left figure. No
MC | surge is therefore generated on the power
Power supply F supply side.
/
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1. Application for 3 phase Squirrel-cage Motor

1.1 Application for full voltage starting method of 3 phase squirrel-cage motor

(1) Selection of frame size of magnetic starter or contactor

Full voltage starting method is the most general, economical starting method of squirrel-cage
motor. In JEM, JIS, IEC utilization category are prescribed AC-3 for starting and switching off
motors during running, and AC-4 for starting, plugging, jogging..

For the frame selection for magnetic starters and contactors from the rated output of squirrel-cage
motors, it is necessary to know.

o Utilization category

O Intermittent duty

o Required endurance

o Value of the starting current

However, as the type MS-N has a category AC-3 rated capacity, an intermittent duty of 1800 to
1200 operations/hour, and an electrical life of 1,000,000 to 500,000 times, it represents the highest
class in the standard, and for standard duty in most cases the frame can be selected as [rated
motor output] = [rated magnetic starter, contactor capacity]. In case of jogging duty or plugging, an
inrush current of several times of the full load curent of the motor is switched, and the electrical
endurance is reduced considerably, so that it is necessary to use a large frame to obtain the
rewuired endurance. The current (capacity)/endurance curves for standard duty only and for
jogging duty only are shown in Fig. 1. For standard duty with a slight amount of jogging, the contact
wear amount is roughly proportional to the square of the breaking current, so that the endurance
can be obtained as follows:

NE e (1)
Nr
N+ R

N =

1+

o
100 (

with

N : Endurance with a% of jogging operation

Nr : Endurance with category AC-3 rating,

N, : Endurance with 100% jogging operation

o : Rate of jogging =(Number of jogging operations x 100)/(number of standard

operations+ number of jogging operations) (%)

From this, the contactor frame size [rated capacity Po (kW)] for a motor of P (kW) with a ratio of o
(%) of jogging operation and a required kife of N (times) can be obtained by the following equation.
However, the starting current of the motor of P (kW) shall be 8 times of the total load current.

N
Po=P MN: R k) ) JS 2)

Example: Select the contactor frame for 500,000 switching cycles with operation including 30%
inching for 220V, 7.5kW (full load current 28A, starting current 168A).

According to equation (2): P = 7.5 (kW), B = 168/28 =6, o = 30 (%), Nr = 1,000,000 times, N =
500,000 times.

50 30

so that a frame of 220 to 240V, 18kW, e.g. MSO-N80 or S-N80 should be selected.
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Electrical life (million operations)

500

300

200

100
80

60
50

30

20

AC-3 (normal duty)

Motor capacity (kW) o AC-i

(jogging and plugging duty)
55 75 150

0.75 15 22 3.7 55 75 11 1518522 30 37
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\
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A
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Fig. 1

Rated operating current (A)

Full load current (rated operational current) (A)
3-phase, 220V (for p=6)

46



(2) Motor reversing or plugging

Reversing type magnetic starters and contactors are used for motor reversing or plugging; and for
changing between forward and reverse operation it is required that arcs are completely
extinguished before the contacts of the opposite side contactor are closed. The time between the
extinguishing of this arc and closing of the contacts is called deenergized margin time, and for
reversing type it is necessary to pay attention to this time. For the MS/MSO/S-2xN series up to
440V, this deenergized margin time is sufficiently long, and phase short-circuits at the time of
change-over do not occur. For circuit voltages of 500V or more, the margin time is short, and
change-over should be executed via type SR contactor relays. (Refer to the connection diagram of
Fig. 2)

J :
ARG

Revers& xR

£

Q

2,
e S,

XR MCR

POCR

IES

Fig. 2 Application circuit over 500V
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1.2 Reversing for single-phase motors

A single-phase motor can be made reverse driving by reversing magnetic contactors, by changing
connection of either the main coil or the starting (auxiliary) coil.

M
M s
s e

M: Main coll
S: Starting coil (auxiliary coil)

(Black)  (Blue)() (Red (White)T (Black)Q  (Blue)Q (Red) (White)])

b )
© ©) o @
Fig. 3 Forward connection Fig. 4 Reverse connection

(1@ Power supply)

R S
THR

\ THR : Thermal overload relay
\ \ / MCF : Magnetic contactor for forward driving
. J ] 5 MCR : Magnetic contactor for reverse driving
1 3 5
\ MCF
MCR
2 4 6
2 4 6

\ / i
N\ /
X i
\ VAR i
\ /N {
(Blacklp © (Blue)\ (Red) @ (White)
S 000000

M

Fig. 5 Connection diagram of reverse driving for single-phase motor
by reversing magnetic contactors
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1.3 Application to direct current motors

As the performance required for magnetic contactors in controlling DC motors, IEC standards define
the making capacity, breaking capacity and electrical endurance as shown in the table below.

Table 1
L Utilization Making/breaking capacity Electrical endurance
Application - - - -
category Making Breaking Making Breaking
Shunt-wound
motors: starting, 4le, 1.1Ee, 4le, 1.1Ee, 2.5le, Ee, 2.5le, Ee,
plugging, DC-3 L/R L/R L/R L/R
reversing, inching, 2.5ms 2.5ms 2ms 7.5ms
dynamic breaking
Series-wound
motors: starting, 4le, 1.1Ee, 4le, 1.1Ee, 2.5le, Ee, 2.5le, Ee,
plugging, DC-5 L/R L/R L/R L/R
reversing, inching, 15ms 15ms 7.5ms 7.5ms
dynamic breaking

Note: le: Rated operational current, Ee: rated operational voltage, L/R: time constant

In general, alternating current magnetic contactors are designed for driving the three-phase induction
motors.  Therefore most magnetic contactors have three-pole configuration. Despite this
construction, the AC magnetic contactors can be used as the magnetic contactors for direct current
motors. An AC circuit is opened when the current passes through the zero point. However, since no
zero-current point exists in the DC circuit, it is necessary to reduce the current by the arc voltage
generated between the contacts to open the circuit.

When the contacts in the L-R circuit opens as shown on the right figure, the circuit equation is
expressed as follows:

di . _ €a L R
L at T Ri+ea=E
Assuming that arc voltage ea is constant as shown in the figure: E
A €a . _t/ D ——
|=|0—T|0(1—a“) T !
Where, i, =E/R, t=LR io
€a
Arc time Ta is expressed as follows: i E
_ L €a
Ta= R log o E
0] Ta

As the arc voltage increases, the arc time reduces. As the time constant L/R increases, the arc time
increases. For type S-N and SD-N, the arc voltage for one pole is 60 to 120V. Type S-N and SD-N
can be applied to DC motors and used for the ratings shown in Table 2 if the contacts are connected 2-
or 3-pole series.
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Table 2 DC ratings

Model name

Rated voltage

Operational current for category
DC-3 and DC-5 (A)

(VDC) 2-pole series 3-pole series
24 8 8
48 4 6
S-N10 110 25 4
220 0.8 2
S 24 12 12
-N11, N12 48 6 10
SD
SN18 110 4 8
- 220 1.2 4
24 20 20
-N2
g 0 48 15 20
ap N2t 110 8 15
220 2 8
24 25 (35) 25 (35)
S-N25
s 48 20 25 (30)
sp “N35) 110 10 20
220 3 10
24 45 50
S 48 25 35
SD -N50, N&5 110 15 30
220 35 12
24 65 80
S 48 40 60
SD -N&o 110 20 50
220 5 20
24 93 93
S 48 60 90
sp N9 110 40 80
220 30 50
24 120 120
S 48 60 90
sp N125 110 40 80
220 30 50
24 150 150
S 48 100 130
sp N150 110 80 120
220 60 80
24 180 (220) 180 (220)
S-N180
s 48 150 180 (220)
ap “N220) 110 120 150
220 80 100
24 300 (400) 300 (400)
S 48 200 280
sp “N300 (N400) 110 150 200
220 90 150
24 630 (800) 630 (800)
S 48 630 630
SD -N600 (N800) 110 630 630
220 630 630

Note: 1. Type SD does not have N10, N18, N20, N25 or N180.

2. Making/breaking capacity is 4 times the rated operational current.




1.4 Application for submergible motors

Water sealed types are presently the mainstream configuration for submergible motors. Water sealed
type can be classified by insulation system into the watertight insulation wire system, resin molding type
and the canned type, which currently accounts the most. Since the motor coil wires of the water
sealed type are sealed so that they are not exposed to water, the over current capacity of the coil is
generally smaller than that of the general purpose squirrel cage motors. For resin molding type in
particular, the over current capacity of the motor is less than other type so that cracks in the resin due to
abnormal temperature rise will not deteriorate the insulation.

Since the submergible motors are often used for civil engineering or treatment of sewage, overload or
locked rotor accident are sometimes happened by penetration of mad and gravel. If failed in case of
deep well pumps, it may take a lot of labor and time for repair or exchanging.

From these viewpoints, the surest means should be taken to protection for submergible motor. Type
TH-NOFS and TH-NOKF thermal overload relays (which have simple structure with bimetal strips)
have suitable characteristics of protection for submergible motors. (; overload, rocked rotor or phase
failure.)

Their characteristics are as follows.

(a) They do not operate at 105% of the full load current of the motor and operates at 120% of the full
load current, like general-purpose thermal overload relays. (ambient temperature 20°C).

(b) Operates within 5 seconds when 500% of the full load current of the motor is applied. (from cold
state)

(c) Operates within one minute when 200% of the full load current of the motor is applied. (from hot
state)

(d) With the ambient temperature compensation function. (the thermal overload relay characteristics
are independent from the ambient temperature variation.)

(e) Type TH-NLOFS: Two heater type.
Type TH-NLIKF: Tree heater type with phase failure protection.

(f) Auxiliary contact: 1INO+1NC

Operating time
(o))
()

N W ROIOOOO

oo
o oo—

Multiple of setting current
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Table 3 Kind

Model name Heater designation (heater setting range) (A)
TH-N12KF 2.1 (1.7~2.5), 3.6 (2.8~4.4), 5 (4~6), 6.6 (5.2~8), 9 (7~11), 11 (9~13)
TH-Nzoﬁg 2.1 (1.7~2.5), 3.6 (2.8~4.4), 5 (4~6), 6.6 (5.2~8), 9 (7~11), 11 (9~13), 15 (12~18)
TAFS
TH-NZOTAKF 22 (18~26), 29 (24~34), 35 (30~40)
TH-N60E|S: 42 (34~50), 54 (43~65)

TH-NBOTAKF | 67 (54~80), 82 (65~93)
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2. Application for Resistive Loads

In applying magnetic contactors to resistive loads such as electric heaters and resistors, the
specifications define the duties as follows:

Table 4

L Utilization Making/breaking capacity Electrical endurance
Application . - - -

category Making Breaking Making Breaking

Switching cosg cosg cosg cosg
AC resistive AC-1 1.51le, 1.1Ee, 0.95 1.51le, 1.1Ee, 0.95 le, Ee, (g5 le, Ee, (g5
load ' ' ' '
Switching L/R L/R L/R LR
DC resistive DC-1 1.1le,1.1Ee, 1ms 1.1le,1.1Ee, 1ms le, Ee, 1ms le, Ee, 1ms
load

Note: le: Rated operational current, Ee: Rated operational voltage, cos@: Power factor, L/R: Time
constant

Table 5 shows the ratings of the S-N series when applied to resistive loads.

Table 5
Applicati i
pplication Rated operational Rat;a:r (:\gflmty Rated operational Rated operational current for
t fp AC-1 (A - current for AC-1 DC-1, 3-pole series
current for AC-1 (A) 3-phas<—zkr‘$vs)|stance 3-pole parallel (A) (2-pole series) (A)

Model
name 220~220V | 400~440V | 200~220V | 400~440V 100 ~ 220V 48V 110V 220V
S-N10 20 11 6.5 8 40 10 (10) 8 (6) 8 (3)
S-KR11 20 11 6.5 8 40 10 (10) 8 (6) 8 (3)
gD-N11,N12 20 13 6.5 10 40 12 (12) 12 (10) 12 (7)
S-N18 25 20 9 14 50 18 (18) 18 (13) 18( 8)
S-N20
S 32 32 11 22 65 20 (20) 20 (15) 20(10)

-N21
SD
S-N25 50 50 17 34 100 25 (25) 25 (25) 22 (12)
gD -N35 60 60 20 40 120 35 (35) 35 (25) 30 (12)
SD -N50 80 80 27 55 160 50 (40) 50 (35) 40 (15)
gD -N65 100 100 34 68 200 65 (40) 65 (35) 50 (15)
SD -N80 135 135 46 92 270 80 (65) 80 (50) 60 (20)
gD -N95 150 150 50 100 300 93 (93) 93 (80) 70 (50)
SD -N125 150 150 50 100 330 120 (100) | 100 (80) 80 (50)
gD'N150 200 200 65 130 400 150 (120) | 150 (100) [ 150 (100)
S-N180 260 260 90 180 520 180 (180) | 180 (150) | 180 (150)
gD -N220 260 260 90 180 520 220 (180) | 220 (150) | 220 (150)
SD -N300 350 350 120 240 700 300 (240) | 300 (200) | 300 (200)
gD -N400 450 450 155 310 800 400 (240) | 400 (200) | 400 (200)
SD -N600 660 660 220 440 1200 630 (630) | 630 (630) | 630 (630)
gD -N800 800 800 270 540 1600 800 (800) | 800 (630) | 800 (630)
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For three-pole parallel, use the following Use the following connection for two- and
terminal plates to have uniform temperature three-pole series for DC application.
rise among the poles.

Terminal plates

_—

2-pole series 3-pole series
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3. Application for Capacitor Loads

Where magnetic contactors are applied to capacitor loads, it is mainly for switching capacitor circuits for
phase advance (power factor improvement). The capacitor capacity necessary for improving the load
power factor from cos 0, to cos 0, is calculated as follows.

E : Voltage
Q I'r . - l4 : Current before phase advance
o1 oo | I, : Current after phase advance
| Il : Current for phase advance
I : Active component of load current
I cos 0, : Power factor before phase advance
lc cos 0, : Power factor after phase advance

: Required capacitor capacity

Q = Elc = Elr (tan6, — tanOz)—ElR[ . —1J ............ (1)
cos 91 cos 92

(Calculation example)

Given the load of load power factor cos 6, = 0.7 and capacity Elg=100 kW, capacity Q (kvar) of the
capacitor to improve the power factor to cos 0, = 0.95 is calculated as follows.

Q=100[\/ 1 1 —V 1 -1]=1ooxo.69=69(kvar)
0.7 0.95

Equation (1) is expressed in the diagram below.

Load factor after

o improvement
Load power factor Multiplier § — 1
before improvement E 1%
05 = 18 | Use example:
0.55 - E };3 - To improve the load power factor 0.7 of
’ = —1.2 4 capacity 100 kW to power factor 0.95, first
06 [ = 1'1 1 determine the multiplier 8 =0.69 according
- ER - — 095 {6 this diagram.
065 = q07——" . Required capacitor capacity Q (kvar)
07 E——" 193¢ 100 = (load kW) x 8, Q = 100 x 0.69 = 69 kvar
075 E 2083 ]
- =0.2 b
0.8 — 3 -
= = 8'1 —0.85
085 [ ]
0.9 _:T “‘: 0.8
095 ]
N — 075
o7
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Use of a condensive capacitor causes strain in the voltage and current waveforms. Since the strain
increases noise in equipment such as motors and transformers, a series reactor of 6% of capacitor
reactance is installed to suppress voltage and current strain by 5th high harmonics. Since the series
reactor not only improves the waveforms but restrain the rush current during closing, it should be
used in all capacitor circuits.

The following paragraphs discuss the phenomenon related to switching capacitors by magnetic
contactors.

(1)

(2)

Making capacitors

If the capacitor is not with a series reactor, the rush current dependent on the line impedance will
be several times to ten-fold, being too hard for the magnetic contactors.

Ignoring R in the circuit shown in the figure, the maximum rush current will be expressed as
follows.

1 R Lo
imax =| —F/——— + 1 Im —_/\/\/\/_/M\_U
[0)\/ (Lo+Ls)C ] /__I_C
Em Em G) Em sin (wt+8)
= Ls

Im = =
1 1
\/R2 + P+ —5— w’ls® + —o——
o C o C

If a series reactor is provided, Lo<L and «’LC=0.06, the maximum rush current is approximately 5
times the steady state current.

Breaking capacitors

When breaking the capacitor circuit, the arc is extinguished easily because the voltage between
the contacts of the magnetic contactor is low due to residual electric charge in the capacitor.
However, if the insulation recovery between the contacts cannot follow the sudden recovery of the
voltage that appears later, re-striking occurs.

See the figure on the right. When breaking, Ec coswt

electric charge having the wave height of the /\
voltage remains in the capacitor terminals.

The recovery voltage appearing between the

contacts after breaking is defined as the

difference between the capacitor residual \ 'Qecovery
charge and the power supply voltage. The . N voltage ~er
voltage between the contacts is small at the

time of breaking. It will reach approximately Residual charge

2 times the power supply voltage in 0.5 cycle

after breaking.

If the insulation recovery characteristics between the contacts are below this level, arc re-striking
occurs. The re-striking causes the capacitor overvoltage to reach approximately 3 times the
steady state voltage and the re-striking current to reach several tens of times of the steady state
current, adversely affecting the system. If a series reactor (6%) is provided, the re-striking current
is suppressed to approximately 9 times or less.

From the discussion above, in introducing a condensive capacitor, use a series reactor or make
sure that the maximum rush current is below the category AC-3 making current carrying capacity
of the magnetic contactors. Table 6 shows the ratings where the type S-N magnetic contactors
are used for switching capacitors.
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Decreasing the size of the series reactor to be
installed causes the rush current to increase,
requiring magnetic contactors with higher ratings.
Fig. 6 shows the rate of increase of the magnetic
contactor rated current in relation to reduction in
the reactor capacity from 6%. (Example:
Assume that a frame of AC-3 rated current 100A
is selected for a series reactor 6%. If the series
reactor is reduced to 4%, the upper frame of 125A
capacity is selected - 100 x 1.2 = 120A.

Series reactor (%)

(3) Standard for installing low voltage power capacitors

1 12

1.4 16

18 20

Rated current of magnetic contactor
(expressed in multiple of series reactor 6%)

Fig. 6

Table 6 200V three-phase motor (one motor configuration)

Motor 02 | 04 |075| 15 | 22 | 37 | 55 | 75 15 |185| 22 | 30 | 37 | 45 | 55
capacity (kW)

. looe| 15| 20 | 30 | 40 | 50 | 75 | 100 | 150 | 200 | 250 | 300 | 400 | 500 | 600 | 750 | 900
‘%§§ (0.19) | (0.25) | (0.38) | (0.50) | (0.63) | (0.95)| (1.3) | (1.9) | (2.5) | (3.2) | (3.8) | (5.0) | (6.3) | (7.6) | (9.5) |(11.3)
=@

% 8L G0Hz| 10 | 15 | 20 | 30 | 40 | 50 | 75 | 100 | 150 | 200 | 250 | 300 | 400 | 500 | 600 | 750
£ (0.15) | (0.23) | (0.30) | (0.45) | (0.60) | (0.76) | (1.2) | (1.5) | (2.3) | (3.0) | (3.9) | (4.5) | (6.0) | (7.6) | (9) |(11.3)

4
]
-
[1]
(7]

wh =

kvar = 2nfcE2 x 10°

f: Rated frequency ......... (Hz)
c: Full capacitance

(Rated capacitance).... (uF)
E: Rated voltage ............. V)

4. The rated current (condensive current) is calculated as follows.

Rated current (A) =. 2T _fcE x 1076 for three-phase capacitors

el

Capacitors used are according to JIS C 4901 "Low-Voltage Power Capacitors".
The installation capacities (uF) indicate the full capacitance of capacitors.
The installation capacities (kvar) indicate the rated capacities of capacitors calculated by the following equation.

Table 7 200VAC arch welding machines

Maximum |3 or 5or 7.50r 10 or 15 or 20 or 25 or 30 or 350r 40 or 45 or more and
input (kvar) |greater |greater |greater |greater |greater |greater |greater |greater |greater |greater |less than 50
L’;Stggit'O”F 100 150 | 200 | 250 | 300 | 400 | 500 | 600 | 700 | 800 900
(kvpar) YUl (15) | (23) | 30) | 39) | 45) | 6.0) | (7.6) (9) (10.6) | (12.1) (13.6)
Notes: 1. Capacitors used are according to JIS C 4901 "Low-Voltage Power Capacitors".

2. The installation capacities (¢ F) indicate the full capacitance of capacitors.
3. The installation capacities (kvar) indicate the rated capacities of capacitors calculated by the following equation.

(For 60 Hz)
kvar = 2nfcE2 x 10~°

f: Rated frequency ......... (Hz)
c: Full capacitance

(Rated capacitance).... (uF)
E: Rated voltage ............. V)

4. The rated current (cendensive current) is calculated as follows.

Rated current (A) = 2nfcE x 1078 for single-phase capacitors
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(4) Application of magnetic contactors (magnetic motor starters) for motor loads including
capacitors

For circuits containing low-voltage power capacitors to improve the power factors of loads (motors),
selection of magnetic motor starters and contactors is summarized as follows.

@ Installation of low-voltage power capacitors

a. Installation capacity standard
See Table 6 above.
b. Cautions on installation
1) The capacitor capacity is not to be larger than the reactive component of the load.

2) The capacitor is to be installed between the local switch or the equivalent device and the
load.

3) Use of a capacitor equipped with a discharge resistor.

@ Selection of magnetic contactors
To suppress rush current at the time of closing the circuit, it is favorable for the capacitor to be
equipped with a series reactor. It is generally not the case for small capacity motors.
Absence of a series reactor causes a large rush current to flow across the contacts of the
contactor when closing the circuit, possibly reducing the contact life. Selection of magnetic
contactors should consider such an event.

@ Location of capacitor and setting current of thermal overload relay
The positions to connect the capacitor for power factor improvement are as shown in Fig. 7 (a),
(b) and (c).
a. For Fig. 7 (a) and (b)
The current flowing through the thermal overload relay becomes equal to the motor current.

Therefore, set the thermal overload relay to the value equal to the full load current of the
motor.

b. Fig. 7 (c)
Since current I running through the thermal overload relay is smaller than current I, running
through the motor, set it as follows.

Assuming that capacitor current is Ic, motor power factor cos6, and circuit power factor cos6,
after installing a condensive capacitor, as shown in Fig. 7 (d), the following equation is given.

ItH = Im x (cos 0, / cos 6,)
Therefore, set the thermal overload relay as follows.

Thermal overload relay setting current = motor full load current x (cos6,/ cos6,)

oo |
oo

{d)

(a)

Fig. 7 Location of capacitors
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(5) Application of magnetic contactors to capacitor loads (with rush current equal to or less
than 20 times)

Table 8
Applicati i i L Application capac_:ity _to single-phase capacitor
Model pplication capamtykt\tl'.\a?-(pAr;ase capacitor circuit circuit kvar (A)
name Single-pole use 3-pole series use

200~220V | 400~440V 500V 600V 200~220V | 400~440V 500V 600V
S-N11, N12 3(9) 4 (6) - - 1.8 (9) 2.4 (6) - -
S-N18 4(12) 6 (9) - - 2.4 (12) 3.6 (9) - -
S-N20, N21 5(15) 10 (15) - - 3 (15) 6 (15) - -
S-N25 8.5 (25) 16 (24) - - 5 (25) 9.6 (24) - -
S-N35 11 (32) 20 (30) - 6.4 (32) 2 (30) - -
S-N50 15 (45) 27 (40) 30 (35) ( 0) 9 (45) (4 ) 25 (50) 30 (50)
S-N65 17 (50) 34 (50) 35 (40) 5 (35) 10 (50) 0 (50) 27 (55) 33 (55)
S-N80 20 (65) 40 (60) 50 (55) 50 (50) 13 (65) 4 (60) 35 (70) 42 (70)
S-N95 30 (90) 60 (90) 60 (70) 0 (60) 18 (90) 6 (90) 40 (80) 48 (80)
S-N125 34 (100) 69 (100) 65 (75) 5 (65) 20 (100) (100) 42 (85) 50 (85)
S-N150 45 (130) 90 (130) 80 (95) 0 (80) 26 (130) 52 (130) 55 (110) 60 (105)
S-N180/N220 | 60 (180) 120 (180) | 150 (170) | 150 (150) 36 (180) 72 (180) 100 (200) | 120 (200)
S-N300 85 (250) 170 (250) | 200 (230) | 200 (200) 50 (250) 100 (250) | 120 (250) | 130 (220)
S-N400 100 (300) | 200 (300) | 250 (290) | 200 (200) 60 (300) 120 (300) | 150 (300) | 140 (250)
S-N600 170 (500) | 350 (500) | 350 (400) | 400 (400) | 100 (500) | 200 (500) | 250 (500) | 300 (500)
S-N800 170 (500) | 350 (500) | 350 (400) | 400 (400) | 100 (500) | 200 (500) | 250 (500) | 300 (500)

Note: When switching the capacitors listed in the table above, the electrical switching durability is approximately 200,000
cycles.

(6) Self-excitation of induction motors

The power factors of induction motors are in the range of 75% to 85% in general. Since this
creates a large lagging load, a capacitor is installed to improve the power factor. Where induction
motors and capacitors are connected directly on the load side of the switch, the circuit voltage after
opening the switch does not reach zero immediately but increases abnormally or the voltage takes
too much time to subside. This phenomenon is called self-excitation.

] 1

SwW
SW SW SW : Switch
s IM  : Induction motor
l SC : Capacitor
DS : Disconnector
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a) Causes

This section discusses the change in the bus line
voltage when an induction motor and a capacitor
being connected in parallel with the other are
isolated from the power supply. Assuming that the
capacitor currents immediately before the isolation
are Ic, to Ic; and the induction motor excitation
current is lo.

In cases M, @ and @ in Fig. 9, curve A and line
B indicate the no-load saturation curve of the
induction motor and the current-voltage
characteristics of the capacitor, respectively. It is
assumed that the induction motor and the capacitor
operate at Pv and Pc respectively at rated voltage
Eo.

m
>

Eo Pc Pm

Circuit voltage

0 et lo

— I

Eo

(lc1 < lo) Circuit current
@ Without self-excitation

B

E
° A LA
Es

Pse

PmPC

Pm Pc

Eo

lo

Ic2 -1 0 lo Ica
Circuit current
(lcz2 = lo) (lca > o)

@ At threshold of self-excitation ® With self-excitation

Fig. 9

@ Without self-excitation (Ic,<lo)

When the capacity of the capacitor is smaller than the no-load excitation capacity of the
induction motor, the induction motor will not by excited by the power supply after it is
isolated from the power supply. Instead, it is excited by the charge current in the
capacitor circuit, operating as an induction generator.

In the beginning, the induction motor rotates at approximately the rated rotational speed
due to inertia force. Since there is no power input, the rotational speed decreases
gradually due to various losses. The voltage and rotational speed reduce toward the
intersection of curve A and line B (where the voltage and current are zero).

At threshold of self-excitation (Ic, = o)

When the capacity of the capacitor is equal to the no-load excitation capacity of the
induction motor (with the no-load power factor improved to 100%), the induction motor,
after isolated from the power supply, keeps rotating at the intersection of curve A and line
B (P, and Pc) at the excitation voltage equal to the rated voltage. The voltage, however,
reduces gradually as in the case of (D above.

@ With self-excitation (Ic; > lo)

When the capacity of the capacitor is larger than the no-load excitation capacity of the
induction motor (with the full load power factor improved to 100%), the induction motor,
after isolated from the power supply, keeps rotating at the intersection of curve A and line
B (Pse) at the excitation voltage higher than the rated voltage. This voltage also
decreases gradually. However, it may rise to approximately 140% where the capacitor
capacity is such that it makes the power factor 100% at the rated output.
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b)

c)

The above phenomena are attenuated in a short time because there is no power input after
isolating them from the power supply. However, too large an excitation voltage is not
favorable to the devices. Although the excitation voltage is below the rated voltage, the
induction motor may receive too high an electric torque when re-closing the circuit because
the phases of the normal excitation voltage and power supply voltage do not match. This
may damage the shaft and couplers.

This phenomenon is equivalent to turning on synchronous generators in parallel with the
phases not in unison. For example, if the self-excitation voltage rises to approximately 140%
of the rated value, the transient torque when turning on the circuit may reach as much as 20
times the rated value.

Countermeasures

As described above, this phenomenon occurs when capacitor rated current Ic is larger than
no-load excitation current lo of the induction motor. Therefore, the capacitor connected
directly to the induction motor must be selected so that Ic < lo.

Though the no-load excitation characteristics vary from one motor to another, the capacitor is
selected according to the following guideline.

1 1
Capacitor capacity = (T to T) x rated capacity of induction motor

The following countermeasures are considered when a motor is switched frequently over a
short time or when a relatively large capacitor must be connected.
1) Provide the capacitor with a dedicated switch so that the capacitor can be isolated before
turning off the power supply.
2) Connect the capacitors collectively to a separate bus line.
3) Provide interlock to delay the re-closing until the self-excitation voltage goes below 50%.

Selecting capacitor capacities

Two points as follows need to be considered in selecting capacitor capacities.

@ Survey on motor power factor (power factor before improvement)
................................... ASk the mOtOf manufacturer.

Determine the power factor after improvement (normally 0.9 to 0.95)
\2

Calculate the capacity of the power factor capacity.

(@ Satisfy the following relationship.
No load current > capacitor current

Use the following equation to calculate the no-load current.

lo=1{1- (Cosé))2 (A) I : Rated current of motor (A)

Cos 6 : Motor power factor (before improvement)

Use the following equation to calculate the capacitor current.
Q
lc=—7—— (A Q : Capacity of condensive capacitor (var
T3-E (A) pacity p (var)

E : Power supply voltage (V)

[Basis]

When an induction motor connected in parallel with a capacitor is isolated from the power
supply, the induction motor is excited by the charge current in the capacitor circuit. The
induction motor then functions as an induction generator, generating voltage. If the
capacitor having its condensive current smaller than the excitation current (no-load current)
(thatis, @ above is satisfied), the self-excitation voltage will not exceeds the rated voltage.

If @ above is not satisfied, an overvoltage exceeding the rated voltage is generated, possibly
causing the induction motor to burn and the capacitor insulation to break (self-excitation of
induction motors).

As a countermeasure to this problem, isolate the capacitor before turning off the motor, or use
an overvoltage relay to isolate the capacitor.
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4. Application for Primary Switching of Transformers

When a transformer is connected to a circuit, a transient rush current considerably larger than the
steady state will run.

While depending on the closing phase of the excitation current, it is necessary to have magnetic flux
two times as strong as the steady state magnitude flow in the iron core to generate a necessary
inductive voltage. Since this reaches the saturated condition, the excitation current becomes
considerably high in general.

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

size 220V 440V 550V 220V 440V 550V
N10 1.2 (5.5) 1.5(3.5) 1.5(3) 2 (5.5) 2.5(3.5) 2.5(3)
N11,12 1.5 (6.5) 2 (4.5) 2(3.5) 2.5(6.5) 3.5(4.5) 4 (4.5)
N18 2(9) 3(6.5) 2.8 (5) 3.5(9) 5 (6.5) 6 (6.5)
N20, 21 2.2 (10) 3.3(7.5) 3(5.5) 4 (10) 7.5 (10) (8 5)
N25 3(13.5) 3.5(8) 3.7 (6.5) 5.5 (15) 11 (15) 1(12)
N35 3.7 (17) 4.5 (10) 4 (7.5) 6 (17) 13 (17) 13 (14)
N50 5.5 (25) 7.5(17.5) 7.5 (14) 9.5 (25) 19 (25) 9 (20)
N65 7 (32) 13 (30) 11 (20) 12 (32) 24 (32) 1(22)
N80 7.5 (35) 14 (32) 14.5 (27) 15 (40) 30 (40) 0 (32)
N95 10 (46) 18.5 (42) 19 (35) 19 (50) 38 (50) 38 (40)
N125 1 (50) 20 (45) 20 (37) 23.5 (62) 40 (62) 50 (52)
N150 13.5 (62) 24 (55) 27 (50) 28.5 (75) 57 (75) 65 (70)
N180, N220 22 (100) 45 (100) 50 (90) 42 (110) 84 (110) 95 (100)
N300 30 (135) 55 (120) 65 (115) 57 (150) 110 (150) 140 (150)
N400 35 (165) 65 (150) 80 (150) 76 (200) 150 (200) 190 (200)
N600 65 (300) 132 (300) 160 (300) 110 (300) 220 (300) 280 (300)
N800 88 (400) 180 (400) 215 (400) 150 (400) 300 (400) 380 (400)

Notes: 1. Applied when the rush current of the transformer is below 20 times the rated current.

2. When the rush current of the transformer exceeds 20 times the rated current, select a magnetic
contactor in a manner that the current value is equal to or less than 10 times the AC-3 rated

operational current.

On the other hand, if the rush current is considerably smaller than 20 times the

rated current, the capacity may be risen that those listed in the table above.

The electrical switching durability is 500,000 cycles.
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5. List of Application for Driving Programmable Controllers (PC)

List of application of S-N series magnetic contactors for driving programmable controllers

Applicable Type MELSEC-A programmable controller Type MELSEC-FX
models programmable controller
Relay unit Triac unit Transistor unit Relay unit Trla.c Trans!stor
= unit unit
9 FX-OS |Fx-OT
- 0
©
9 | Model | £ 2 A1SY | A1SY
S n:rcnt« Es 22 28EU A1SY40 * *
= § g A1SY10 A1SY18AEU A1SY60 A1SY50 A1SY41 FX-OR FX-0Os-H |FX-OT-H
g- Without | Without A1SY42
varistor | varistor with
varistor
10ovac | UN-SYH
100V 200V 100V 200V 100 | 200 | 100 | 200 UN-SYO Used 100VAC 200VAC Used
AC AC AC AC VAC | VAC | VAC|VAC 24VDC 200VAC 24VvDC
% *
z:—m, NS, 02x10° | O2x10° | O2x10° | O2x10° [ O | O | O | O (¢} O1x10° o|O0| O e}
‘S-’:‘lz 02x10° | O2x10° | O2x10° | O2x10° [ O | O | O | O e} O1x10° o|O| O e}
0
B [s-Naom21 02x10° | o2x10° | 02x10° | o2x10° [O | O | O [ O [¢) O1x10° olo]| © [¢)
3 [sN2smas AC O2x10° | O2x10° | O2x10° | O2x10° |O | O | O | O o O1x10° O|0]| O O
& [s-N50/N65 100V 01.5x10° | O2x10° | O2x10° | O2x10° | O [ O [ O | X o O1x10° O|O0]| O @)
2 [s-Nsoings O1x10° | O1.5x10° | O1.5x10° | O2x10° | O | X | O | X @) O1x10° olO0| O o
S AC | O1x10° | O1.5x10° | O1.5x10° | O2x10° | O | X | O | X (e} O1x10° O(O| O O
N125/IN150 | 50y
z-wolszo 00.5x10° | O1x10° | 00.5x10° | O1.5x10° | O | X | O | X (e} O1x10° X |O| O e}
2-300/1\1400 00.5x10° | ©0.5x10° | ©0.5x10° | O1x10° | O [ X [ O | X O O1x10° X[{O| O @)
z-eoo/Naoo X 00.4x10° X 005x10° | X | X | O | X X 00.5x10° X|O| X X
r?r?ﬁm ;C\:/ 02x10° 02x10° o o o O1x10° o| o
24V 110V 24V 110V 24VDC
DC DC DC DC 110VDC
(©) (©)
SRD-N4, (o] (@] (@] (@] o o 5
N5, N8 0.15x10° | 0.4x10° | 0.7x10° | 1.5x10° 24VDC 24VDC X 00.5x10 2;(\:/ 2;(\:/
(©) (©)
SD- O (@) (@) (@) O O o
NTUNT2 0.15x10° | 0.4x10° | 0.7x10° | 1.5x10° 24VDC 24VDC X ©0.5x10 "S‘(\:/ "S‘(\:/
(©) (©)
O (@) (@) (@) O O 5
3 | 0.1x10° | 0.3x10° | 0.5x10° | 1x10° 24VDC 24VDC X ©0-1x10 "S'(\:/ "S'(\:/
o
[
Q DC O O
S O (@) (@) (@) O O 5
Q (SN | 24V ] gax100 | 0.3x10° | 0.5x10° | 1xt0f 24vVDC 24vDC X ©0.1x10 2V | 24y
DC DC
SD- DC o o
N50/N65 100V X X X X 24VDC 24VDC X X X X
SD- o
NBO/N95 X X X X 24VDC X X X X X
SD-N125, o
N150 X X X X 24VDC X X * X X
SD-N220 X X X X X X X x X X
S X X X X X X X x X X
N300/N400
S X X X X X X X x X X
NB0O/N800
Close Trip Close Trip |close| Trip [Close | Trip Close Trip Cslz- Trip
SRL-N4 00.5x10° | 00.5x10° | 00.5x10° | 00.5x10° | O | O [ O | O 00.5x10°| 00.5x10°| O | O
of [SEN21 00.5x10° | 00.5x10° | 00.5x10° | 00.5x10° | O [ O [ O | O 00.5x10°| 00.5x10°| O | O
g SL-N35 00.5x10° | 00.5x10° | 00.5x10° | 00.5x10° | O | O [ O | O 00.5x10°| 00.5x10°| O | O
gg z;J/Nes 00.5x10° | ©0.5x10° | ©0.5x10° | ©0.5x10° | O [ O [ O | O 00.5x10°| 00.5x10°| O | O
©| 5[50 AC
o o o o o o
ﬁENBO/NQS 100y | QOBX10° | ©0.5x10° | ©0.5x10° | O0.5x10 O|O0|0O|O 00.5x10°| 00.5x10°| O | O
-2 < [sL AC
E 255'2125' 200y | ©05x10° | O0.5x10° | O0.5x10° | O0.5x10° O|O0|0O]|O 00.5x10°| 00.5x10°| X | X
[5]
2| [SL-N220 00.5x10° | 00.5x10° | Q0.5x10° | 00.5x10° | O | O | O | O 00.5x10° | O0.5x10°
SI- 6 6 6 6
N300/NA0O 00.5x10 X 00.5x10 X O|XxX|O|O 00.5x10°| 00.5x10°| X | X
SL- . .
NBOO/NEOO X X X X X|O|O|O 00.5x10°| 00.5x10°| X | X
Notes

1. O :Applicable, x : Not applicable (one operating coil for each one output pole)
2. The values of relay unit show the electrical endurance of the relay unit.

3. Mechanically latched, DC operated types (SRLD, SLD) are not applicable.

4. Type UN-SY0O is DC interface module (optional).

5. Type MELSEC-FX marked with "+" are high current additional block type.
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1. Cautionary notes

1)

5)

6)

Coil load rating

The output rating of a programmable controller is expressed by the resistance load in general.
However, since this rating is not applicable, use the coil load rating (category AC-15) and
operating coil VA when holding for selection. The DC-held systems of the S-N series are full
wave-rectified, they are easy to switch by programmable controllers and can be driven directly
up to high capacities.

High frequency switching
The list of application is organized according to approximately 1,200 cycles per hour of
switching without jog operation. For a high frequency switching including jog operation,
select the frames so that the coil VA at the time of closing is within the output rating of the
programmable controller.

Breaking making current

The selection is such that the programmable controller output can break the making current
due to failure or abnormal operation of a mechanical latch type magnetic contactor or to jog
operation of a magnetic contactor. There is no possibility of accident due to inability of
breaking.

Simultaneous drive

Driving two or more magnetic contactors at the same time is restricted by the total output
current of the programmable controller or integrated fuse. Thus, limit the total coil current of
the magnetic contactor within the limit of the programmable controller.

Isolation of input/output lines

Isolate the input line of a programmable controller from the output line to prevent
programmable controller malfunction. Since type S-N50 to S-N800 have built-in surge
absorbers to the standard specification, such isolation is generally unnecessary. Type S-
N10 to N35 and SR-N4 to N8 are equipped with type UN-SA surge absorber optionally.

Category AC-15

AC-15 is for the contact capacities defined in JIS C 4531 "Contactor Relays" that are
applicable to switching AC electromagnets.

It defines that "(closing VA) = 10 x (holding VA)". If the closing VA of the operating coil
exceeds the specification, apply one tenth of the closing VA as the holding VA.

Triac output
In driving the AC operated type S-N50 to S-N800, turning off the triac causes a voltage of

2\ 2 times the circuit voltage (622V peak for 220VAC) to be applied to the triac due to the
capacitor integrated in the DC electromagnet with AC operation. This may cause the triac to
break.

For systems with the circuit voltage of 200V, install a varistor (¢9 470V) in parallel with the
triac.

64



Motor Protection and Thermal Overload Relay
Selection
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1. Protection Relays

Recently, the size of induction motors has been reduced by improved insulation technology. Insulation
class E motors have come into general use, and even use of insulation class F motors has been begun,
and in regard to the characteristics there is a tendency for reduction of the thermal margin. For these
reasons it has become necessary that the motor protection relays also correspond to these thermal
characteristics. On the other hand, the application methods for motors have branched out considerably,
with general use and developments of automatic machine equipment and various use for intermittent
operation, reverse running, and variable load operation. From this point of view also, the use of suitable
protection relays is required for full development of the motor performance, as well as for safe and
suitable operation of machines and equipment.

There are various types of protection methods and relays according to motor type and application, and
the method used most generally is indirect detection of the winding coil temperature rise of the motor by
the line current. There are cases, where this method is not necessarily sufficient, and it may be
necessary to also use the method of embedded thermostats for direct detection of the winding coil
temperature. In some cases it is also necessary to provide single phase running protection, protection
from reverse running by reverse phase, etc., and it is necessary to select the suitable relay according to
the motor protection conditions, etc..

Table 1 shows the tendency of the outline of the protection characteristics for the general thermal
protection relay, type TH thermal overload relay, for protection from overload or locked rotor condition
of the motor, for the type TH-KP thermal overload relay, with smaller single phase operation current by
adding differential amplifier mechanism, for the type ET-N (over load, phase failure and reverse phase
protection) relay with solid state method, for the thermal protective relay with direct detection of the
winding coil temperature by PTC thermistors, etc. according to the protection objectives. For concrete
applications it is necessary to study the possible protection range and to consider the possibility of
occurrence of trouble, the required reliability, and the cost performance as explained in the following.
Fig. 1 shows a comparison of the operation characteristics of the various protection relays.
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F60 i
3000-50 4 1180
20()0*_40 ! 40
30 71 (s) 30
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r20 r20
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Fig. 1.1 Operating characteristics of various Fig. 1.2 Operating characteristics of type ET-N
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Fig. 1 Comparison of operating characteristics of various motor protective relays
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Table 1

Subjects of protection for three-phase induction motors and applicable protective relays

Type TH thermal

Type TH-SR

! N Type TH-KF PTC
Protective relays | _overload relay (tW'"LI T‘(&?t;:- ';EI§P (quick thermister
. . saturable acting type) | Type ET type
With 2 With 3 reactor) thermal thermal 3E rela thermal
heater | heater therlmazj overload overload y protective
i i overloa
Subjects of protection elements | elements relay relay relay relay
2 | General squirrel cage
3 | motor © © @ © A © ©
kel
g Wound-rotor type motor @) O O @) O O O
Lo [
3 g Submergible motor A A x A © © @)
Q |~ |General squirrel cage
>
O | & §| motor A A o A A O ©
E g Wound-rotor type motor A A A A O (@) A
Qg
£ ©| submergible motor A A A A A A o)
General squirrel cage
motor © © ©) © A © 1o
2 | Wound-rotor type motor A A A A (@) © A
X
[8]
] Submergible motor A A x A © © O
Increased safety type
explosion-proof motor A A A A © © o
Single phase running
b (prevention of burning) A A A O A © O
= 3-phase unbalanced
g running x x x x x © o
2 | Short circuit A A A A x A x
© Burning due to
5 over/under voltage O O O O o O O
% Earth leakage x X X X X x x
(o)}
€ | Ground fault A A A A A A x
=
Reverse phase X X X X X © X
Notes: 1. 2E : Overload and phase failure protection

3E : Overload, phase failure and reverse phase protection

. Certainly protectable
Protectable excluding special cases

x > OO

: Conditionally protectable

Not protectable
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2. Type TH Thermal Overload Relays

2.1 Features of type TH thermal overload relays

Thermal overload relays of magnetic motor starters are used generally as protection devices for motors,
especially for squirrel-cage motors. Their function is protection of the motor from burning by overcurrent
and to separate the motor from the current in case of overload or locked rotor condition.
The thermal overload relays are less expensive with the operating characteristics being approximate to
the current-to-time characteristics of the motor coils with respect to the allowable temperature.
Because of the effective protective characteristics, the thermal overload relays are used most often for
motor protection. To ensure safety, a relatively short time limit is used.
Type TH thermal overload relays are a general thermal operation system. It consists of bimetal strips
as the thermal elements, a heater and a quick-breaking contact mechanism that are built in a mold
casing.
The fgatures of the type TH thermal overload relays are as follows.
(1) Having TNO+1NC contacts. NC contact is for breaking the magnetic contactor. NO contact can
be used for other voltage circuit for operation annunciation.
(2) For all the 2 heater elements types, the heater insertion phases are fixed to 1/L1-2/T1 and 5/L3-
6/T3.
(3) Using the RC scale (indication by the motor full load current) that indicates current value.
(4) Adjusting the front knob with a flathead or a Phillips screwdriver, the relay can be adjusted to a
setting of approximately +20% of the nominal heater current.
(5) Easy to trip the relay manually from the front to facilitate wiring check.
(6) All types have 2 heater elements and manufacturing with 3 heater elements is also possible.
(7) Equipped with an ambient temperature compensation.
(8) Switching between manual and automatic resetting is possible.
(9) All types are of 3-pole structure, making wiring easy.
(10) Thermal overload relays with slow operation characteristics can be manufactured easily by adding
saturable reactors.
(11) Thermal overload relays with 2E (for overload and phase failure protection) can be manufactured.
(Type TH-N12KP to N60OOKP)
(12) Thermal relays quick acting characteristics suitable for submergible motors can be manufactured.
(Type TH-N12KF to N60TAKF and TH-N20FS to N60TAFS)
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2.2 Operating

characteristics

The operating characteristics of the TH-N series thermal overload relays are according to IEC as

shown in Table 1.

phase failure pro

tective functions as shown in Table 2.

Table 1 Thermal overload relay specifications

Type TH-OKP is according to the specifications for thermal overload relays with

IEC 60947-4-1
Ambient No-operation Operating characteristics
temperature current (current : time)

20°C 105% 120% : Within 2 hours (H)

3-phase balanced 40°C 100% 120% : Within 2 hours (H)

-5°C 105% 130% : Within 2 hours (H)

Unbalanced ;22&‘;{3 20°C 105% 132% : Within 2 hours (H)
(phase failure) | 2 heater
elements

Notes: 1. Standard magnetic motor starters with enclosure [type MS-NLCI(KP)] comply with the specifications.

2. The current values are in percentage with respect to the setting current.
3. In the operating characteristics column, (H) indicates action from the hot state (2 hours after carrying no-operation

curren

t).

Table 2 Specifications of thermal overload relays with phase failure protective function (2E type)

Specification Ambient Conditions Operation
temperature
100% of set current flows through 2 No trioping for 2 hours
poles. 90% of set current flows through pping
from cold state
another 1 pole.
IEC 60947-4-1 20°C
115% of set current flows through 2 - I
Tripping within 2 hours
poles. No current flows through .
following the above.
another 1 pole.
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2.3 Durability

Considering the operating characteristics, a thermal overload relay is durable enough if one can
operate 1,000 cycles. The JEM standard also defines the 1,000 cycles of durability testing.
Changes in the operating characteristics and contact wear are the keys for the thermal overload relay
durability. Table 3 lists the results of the durability testing of the type TH thermal overload relays
according to the JEM standard.

Table 3 Results of durability testing of type TH thermal overload relays

Test specimen Test conditions Test results
- Operating time
Control circuit i ini
Setting Main | Minimum (second)
Model | Heater circuit [ Operation | operating
name |nominal | SUrent Current (A), Power factor, current | (cycle) current | 200% cur- | 600% cur-
(A) NO/NC contacts NO/NC contacts (A) (A) rent ap- rent ap-
Closing | Breaking | Closing | Breaking plication | plication
0 124 54.2 5.6
0.65/ 0.35/ 1000 12.0 53.3 5.2
THN20 | 9A o] 510 1 081 1 g5 | 0.34 66 1 2000 12.1 53.0 5.2
3000 12.0 53.4 5.0
0 19.5 41.8 6.5
TH- 1000 19.0 42.0 6.6
N2okp | 1OA 18 108 1 2000 19.5 416 6.4
3000 19.0 41.0 6.1
0 55.5 64.3 8.2
TH- 0.65/ 0.34/ 1000 55.0 65.8 8.8
N6OKP | 42A 50 | 3050 | 35 064 | 033 | 90 | 2000 55.5 64.7 8.4
3000 55.0 65.1 8.3
0 116 74.6 11.3
TH- 1000 118 73.8 11.0
N120KP 82A 100 600 2000 118 75.5 11.5
3000 114 74.7 11.1

Notes: 1. All test specimens are conditioned to the automatic reset state.

2. The set currents are maximum within the respective ranges of adjustment.

3. The control circuit test voltage is 242VAC 60Hz.

4. 600% of the set current is applied to the main circuit until the contacts tripping.  After the tripping, no current is
applied until it resets automatically.

5. The tripping times in the test results column are from the cold state.

6. Test methods and conditions other than the above are according to JEM 1356 "Thermal overload relays for three-
phase induction motors".
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2.4 Overload withstand

Table 4 shows the results of testing where 10 times the setting current is applied to the main circuit to
see changes in the characteristics.

Table 4 Changes in characteristics
Test specimen Conditions Test results
Before testing After applying current 3 times
Model Hea_ter gj:inngz Current Minimym 2000/-0 Minimzm;ﬁfrating 200% o;z:;it)ing time
name nominal (A) (A) operating | operating Rate of Rate of
current (A) | time (sec) | (A) change (%) (Sec) change (%)

TH-N12 9A 11 110 12,5 53.6 12.3 -1.0 52.4 -2.2
TH-N20KP 15A 18 180 20.2 41.8 20.0 -1.0 404 -3.3
TH-N20TAKP 29A 34 340 343 54.0 38.1 -0.5 53.6 -0.7
TH-N60KP 15A 18 180 20.0 54.0 19.5 -2.5 53.2 -1.5
TH-N60KP 42A 50 500 56.4 51.7 55.8 -1.1 50.4 -2.5
TH-N60TAKP 67A 80 800 89.5 52.2 87.2 -2.6 50.0 -4.2
TH-N120KP 82A 100 1000 111 62.0 113 1.8 64.2 3.5
TH-N120TAKP | 125A 150 1500 168 541 169 0.6 54.6 0.9

Note:

Test methods and conditions other than the above are according to JEM 1356.

The test results indicate no changes in the characteristics when 10 times the set current is applied.

The thermal overload relays are practically without problems.

JEM 1356 specifies the thermal overload relay is no troubles with a test where eight times the setting
current (maximum value) is applied until the thermal overload relay trips and such current application is
repeated three times.
With the type TH-N series thermal overload relays supplied to 13 times the setting current (maximum
value), no melting of electrically supplying parts before the contacts make.
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2.5 Ambient temperatures and setting current

The TH-N series thermal overload relays are adjusted with enclosed in standard box as magnetic motor
starters, and with a reference ambient temperature of 20°C.

These have an ambient temperature compensation device, so the fluctuation of operating
characteristics in respect to the effect of the ambient temperature is low.

Fig. 2 shows the ultimate operating current characteristics based on the ambient temperature of 20°C.
If the ambient temperature of where the magnetic motor starter is installed differs greatly from 20°C,
use Fig. 2 to correct the set thermal overload relay setting current.

If the thermal overload relays are used in conditions different from the standard adjustment conditions,
such as using the thermal overload relays alone, use Table 5 to correct the setting current.

Table 5 Correction factors based on mode of using thermal overload relays

With s;tandard In control panel [+2] Open type Thelrmal c.l)vetrload
Model name (t(;:(; :ns;_ré) (type MSO-J) (type MSO-0)) re ayTo;_Iy:(i ype
TH-N12 (CX) (TP, KP) 1.00 1.02 1.06 1.08
TH-N18 (CX) (KP) — 1.02 1.06 —
TH-N20 (CX) (KP) 1.00 1.02 1.05 1.06
TH-N20 (CX) TA (KP) 1.00 1.02 1.05 —
TH-N60 (KP) 1.00 1.01 1.03 1.05
TH-N60TA (KP) 1.00 1.01 1.03 —
TH-N120 (KP) 1.00 1.02 1.06 1.08
TH-N120TA (KP) 1.00 1.02 1.06 —
TH-N220 (KP) 1.00 1.00 1.01 1.01
TH-N400 (KP) 1.00 1.00 1.01 1.01
TH-N600 (KP) — 1.00 [+3] - 1.02

Notes: 1. Indicates correction factors at the ambient temperatures of 20°C.
2. The correction factors for those in control panels are calculated based on 15°C [K] from the
temperature rise in the control panel.
3. Indicates correction factors when thermal overload relays alone are installed in control panel. (for
independent mounting only)

Correction

V)
TH-N120(KP), TA(KP) factor (%)

-+ 110 .
Correction factor:

TH-N12(CX) (TP.KP) % of ultimate tripping current with
THNTB(CX) (KP) T e respect to ambient temperature 20°C

TH-N20(CX)(KP),(CX)TAKP) -+ 106

TH-N60(KP), TA(KP)

-+ 104 TH-N220RH(KP),HZ(KP)
TH-N60O(KP) Ambient TH-N400RH(KP),HZ(KP)
102 temperature (°C)
30 40 50 60
Y —— 20 ‘
T T T
—10 / 0
TH-N220RH(KP),HZ(KP)
TH-N400RH(KP),HZ(KP) %6 -+ TH-N600(KP)

94 +
TH-N20(CX)(KP),(CX)TA(KP)
TH-NBO(KP), TA(KP)

92 —+ TH-N12(CX) (TP,KP)
TH-N18(CX) (KP)

90

TH-N120(KP), TA(KP)

Fig.2 Ambient temperature compensation curves for TH-N series thermal overload relays

<Correction of setting current>

Obtain the correction factor from the corresponding curve based on the working ambient
temperature. Divide the full load current of the motor by the obtained correction factor to define
the setting current.
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2.6 Connection wire size

Because of different heat generation, wire size affect the thermal overload relay characteristics. The
ultimate operating currents of type TH thermal overload relays are conditioned according to the
standard wire sizes shown in Table 6. Use of smaller wires causes more heat to generate, making the
ultimate operating currents small. Use of larger wires on the other hand makes the ultimate operating
currents larger.

Strictly speaking, when using wire sizes other than the respective standard wire sizes, the set currents
are to be corrected. For example, if the type TH-N20 thermal overload relay with the heater nominal

1
and setting current 15A is connected to 5.5 mm? wires, adjust to division 15 x 104 = 14.4 (A) based

on the rate of change "1.04" in the ultimate operating current shown in Table 6.

Table 6 Connection wire sizes and ultimate operating currents
for type TH thermal overload relays

Model Heater nominal (A) Standard wire size (mm?) Con_nectlon ;mre UItlma!e operating curer:t
name size (mm?) fluctuation rate average (%)
TH-N12 1.25 98
TH-N20 0.24-11 2 3.5 103
TH-N18 2 97
TH-N20 ° 35 55 104
22,29 5.5 3é5 13;
TH-N20TA

34 8 5.5 96
14 104
2 95
15 3.5 5.5 105
3.5 96
22,29 5.5 8 105
5.5 95
TH-N60 35 8 14 105
8 95
42 14 22 104
14 96
54 22 30 104
14 97
TH-N60TA 67 22 30 103
8 95
42 14 22 104
14 96
TH-N120 54, 67 22 30 104
30 97
82 38 50 103
105 50 gg 132

TH-N120TA
125 60 50 %8
80 103
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2.7 Main circuit specifications of type TH thermal overload relays

Table 7 Main circuit specifications

Line-load Power consumption / pole (W)
Heater . resistance Heater
'xlgg‘il nominal SettlngArange between melting
(A) te'if:r“'a?'s Minimum Medium Maximum I?t(A%S)
0.12 0.1 ~0.16 42600 0.43 0.62 1.1 0.03 x 10°
0.17 0.14 ~0.22 21400 0.42 0.62 1.1 0.05 x 10°
0.24 0.2~0.32 10500 0.42 0.61 1.1 0.06 x 10°
0.35 0.28 ~0.42 8750 0.69 1.1 1.6 0.18 x 10°
0.5 0.4~0.6 4320 0.70 1.1 1.6 0.36 x 10°
0.7 0.55~0.85 2450 0.75 1.2 1.8 0.74 x 10°
TH-N12 0.9 0.7~11 1340 0.66 1.1 1.7 1.1 x10°
TH-N12TP 1.3 1~1.6 700 0.70 1.2 1.8 1.1 x10°%
TH:N12KP 1.7 14~2 366 0.72 1.1 1.5 3.1x10°
2.1 1.7~25 251 0.73 1.1 1.6 6.0 x 10°
2.5 2~3 186 0.75 1.2 1.7 6.0 x 10°
3.6 28~44 88 0.69 1.2 1.8 8.5 x 10°
5 4~6 46 0.74 1.2 1.7 17 x 108
6.6 52~8 26 0.71 1.2 1.7 21 x 108
9 7~11 15 0.74 1.2 1.8 46 x 10°
11 9~13 9.7 0.79 1.2 1.7 73 x 103
1.3 1~1.6 631 0.64 1.1 1.7 1.1 x10°
1.7 14~2 366 0.72 1.1 1.5 3.1 x 10°
2.1 1.7~25 219 0.64 0.97 1.4 6.0 x 10°
2.5 2~3 162 0.65 1.0 1.5 6.0 x 10°
TH-N18 3.6 28~44 81 0.64 1.1 1.6 8.5 x10°
TH-N18KP 5 4~6 45 0.72 1.2 1.7 17 x 108
6.6 52~8 24 0.65 1.1 1.6 21 x 10°
9 7~11 16 0.75 1.3 2.0 46 x 10°
11 9~13 9.2 0.75 1.2 1.6 73 x 103
15 12~18 6.1 0.88 1.4 2.0 160 x 10°
0.24 0.2~0.32 10900 0.44 0.63 1.1 0.06 x 10°
0.35 0.28 ~0.42 9220 0.72 1.1 1.6 0.18 x 10°
0.5 0.4~0.6 4950 0.79 1.2 1.8 0.36 x 10°
0.7 0.55~0.85 2630 0.80 1.3 1.9 0.74 x 10°
0.9 0.7~11 1650 0.81 1.3 2.0 1.1 x10%
1.3 1~1.6 819 0.82 1.4 2.1 1.1x 108
TH-N20 1.7 14~2 489 0.96 1.4 2.0 3.1 x 10;
TH-N20KP 2.1 1.7~25 282 0.81 1.2 1.8 6.0 x 10
2.5 2~3 196 0.78 1.2 1.8 6.0 x 10°
3.6 28~44 96 0.75 1.2 1.9 8.5 x10°
5 4~6 52 0.83 1.3 1.9 17 x 108
6.6 52~8 30 0.81 1.3 1.9 21 x 108
9 7~11 17 0.83 1.4 2.1 46 x 10°
11 9~13 12 0.97 1.5 2.0 73 x 10°
15 12~18 6.4 0.92 1.4 2.1 160 x 10°
TH-N20TA 22 18 ~ 26 4.5 1.5 2.2 3.0 370 x 10°
TH-N20TAKP 29 24 ~ 34 2.8 1.6 2.4 3.2 750 x 10°
15 12~18 8.4 1.2 1.9 2.7 0.20 x 10°
22 18 ~ 26 5.4 1.7 2.6 3.7 0.58 x 10°
TH-N60 29 24 ~ 34 3.1 1.8 2.6 3.6 0.63 x 10°
TH-N60KP 35 30 ~40 2.0 1.8 2.5 3.2 1.0 x 10°
42 34 ~50 1.8 2.1 3.2 4.5 2.4 x 108
54 43 ~ 65 1.3 2.4 3.8 5.5 1.3 x 108
TH-N60TA 67 54 ~ 80 0.77 2.2 3.5 4.9 2.3 x10°
TH-N60TAKP 82 65 ~ 100 0.60 2.5 4.0 6.0 2.7 x 108
42 34 ~50 2.2 2.5 3.9 5.5 1.3 x 10°
TH-N120 54 43 ~ 65 1.6 3.0 4.7 6.8 2.6 x 108
TH-N120KP 67 54 ~ 80 0.87 2.5 3.9 5.6 5.0 x 10°
82 65~ 100 0.71 3.0 4.8 71 7.8 x 108
TH-N120TA 105 85 ~ 125 0.44 3.2 49 6.9 8.4 x 10°
TH-N120TAKP 125 100 ~ 150 0.38 3.8 5.9 8.6 13 x 108

Notes: 1. The resistances between terminals are for one pole at the ambient temperature of 20°C at the cold state.
2. The minimum, medium and maximum power consumption values are when applying the minimum, medium (heater
nominal) and maximum currents of the adjustable range of set current respectively.
3. The values of melting of live portion (1?t) are when applying 10 to 13 times the maximum of the adjustable range of
the set current. (The contacts of the TH-N series are designed to operate before the heater melts when applying 13
times the above current.)
4. Type TH-N220/N400 are used with the dedicated CTs. The power consumption is approximately as follows (for one
pole).
Applying minimum of set current  : 2.5VA
Applying medium of set current 1 4VA

Applying maximum of set current : 6VA

With the typesTH-N220/N400 used with the dedicated CTs, the heater will not melt below 20 times the maximum
setting current before the thermal overload relays operate.
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2.8 Vibration and shock resistance

(1)

(2)

()

(4)

Contact malfunction vibration

Check for parting of the contacts for 1ms or longer according to the following test procedure;
Condition the thermal overload relay setting current to the minimum of the adjustable range, apply
the setting current in the main circuit, with the temperature saturated, maintain the vibration
acceleration at 19.6 m/s?, vary the frequency evenly between 10Hz and 55Hz for a period of one
minute and apply vibration in the three axes of vertical, left and right and fore and back.
Testresults : No contact malfunction occurs for all the test specimens of type TH-N12 to
N600.

Constant vibration durability

Apply vibration at frequency 16.7Hz, reciprocating amplitude 4 mm, in three axes of vertical, left
and right and front and rear for 2 hours in each axis. Check for changes in the characteristics,
damage and loose screws before and after vibration application.
Testresults : The rate of change in the 200% current tripping time is within +5% (within the
repeatability tolerance).
No parts damage or loose screws (tightened to 80% of the standard toque) is observed.

Contact malfunction shock

Adjust the set current to the minimum of the adjustable range. Apply the main circuit with the
setting current. After the temperature saturation, apply shock with the approximate waveform
shown in Fig. 3 at the acceleration 49.0 m/s®. Check for contact parting for 1ms or longer. Apply
shock three times in each of the six directions of vertical, left and right and fore and aft for 3 times
in each direction.
Testresults : No contact malfunction is observed for all the type TH-N12 to N600 test
specimens.

Shock durability

Apply shock with the approximate waveform shown in Fig. 3 at the acceleration 490m/s?. Check
for changes in the characteristics and damage before and after shock application. Apply shock
three times in each of the six directions of vertical, left and right and fore and aft.
Testresults : The rate of change in the 200% current tripping time is within +5% (within the
repeatability tolerance) with no parts damage.

\/\/\
N

4 —-6ms

Fig. 3 Shock waveform.
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2.9 Current transformers for type TH-N220/N400RH (HZ) thermal overload relays

The specifications and characteristics of the current transformers used for the type TH-N220/N400RH
(type MSO-N220 to N400 magnetic motor starters) and type TH-N220/N400HZ (thermal overload
relays used alone).

(1) Ratio of current transformation
Current ratio of the primary (main circuit side) to the secondary (thermal overload relay side) is
50:1.

(2) Rated load VA

Approximately 5VA (for one pole)
With a thermal overload relay connected, the load on the secondary circuit will be approximately

2VA when applying the maximum setting current.
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3. Motors Overload and Locking Protection

The thermal overload relays protect the motors mainly against overload and locking of rotors in the
intended circuit configuration. Adjusting the thermal overload relay set current to the motor full load
current achieves such protections.

Fig. 4 shows an example of relationships between the current-to-time characteristics with respect to the
coil temperature rise of a Mitsubishi motor (thermal characteristics) and the operating characteristics of
the type TH thermal overload relay.

1000
Motor (class E) thermal characteristics
500 - (Cold start at ambient temperature 40°C)
300 +
200 Motor (class F) thermal characteristics
(Cold start at ambient temperature 40°C)
100
~ 50+
(&}
(0]
£ 30
(]
£ 20+
=
10—
5 Thermal overload relay operating characteristics
(maximum value)
5 (Cold start at ambient temperature 40°C)

1 2 3 4 5 6 7 8 9 10

Multiple of setting current
(Multiple of motor full load current)

Fig. 4 Example of motor thermal characteristics and type TH thermal overload
relay operating characteristics
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4. Phase Failure Protection for 3-phase Motor

A three phase power source suffers open phase fault when the fuse in one of the phases melts. If
attempting to start the motor with open phase fault in the circuit, single-phase locking current flows.
This causes the thermal overload relay to trip, protecting the motor from burning. If open phase fault
occurs, the motor either stalls to go into the state of single-phase locking or keeps running in single
phase where the single-phase operation current depends on the load.

The thermal overload relay operates as follows.

o Motor stopped in single-phase lock condition
Thermal overload relay to trip
 Motor continuing single-phase running (equal to or above the thermal overload relay tripping
current)
Thermal overload relay to trip

e Motor continuing single-phase running (below the thermal overload relay tripping current)

Thermal overload relay not tripping — stop — restarting in locked condition — thermal overload
relay tripping

Thus, the motor can be protected against most single-phase overload or single-phase locking.
However, such protection does not occur in some cases that will be discussed as follows.

(1) Direct phase failure of motor input
(2) Internal phase failure for delta-connected motor
(3) Primary side phase failure of power transformer

In cases (1) and (2), it is assumed that the fault pattern is such that the circuit breaks at points X, Y and
Z as shown in Fig. 5. The values in the figure are calculated assuming that the outputs are constant
during the operation and the currents divert in proportion to the inverse ratio of the impedance.

A 0.87A

a 1.73a

0.87A

é\ 1.73a
Aa 0o X

: Locking line current when 3-phase is normal.

: Full load line current when 3-phase is normal.

: Locking phase current when 3-phase is normal.
: Full load phase current when 3-phase is normal.

A
a
B
b

Fig. 5 Currents in motor winding coils and protective relays in various phase failure
of three phases
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5.

Terminal voltage

Protection of Motors with Long Starting Time

To protect a motor driving a load of high inertia therefore taking a long time to start, normal thermal
overload relays may not provide proper protection as they trip during starting.

Mitsubishi has solved this problem by using less expensive thermal overload relays with saturable
reactors. This type of relay is similar to the standard thermal overload relay except that a small reactor
with a core is installed in parallel with the heaters. It produces similar operating characteristics to the
standard ones up to approximately 200% of the set current. Above that current range, the reactor
core is saturated to increase the current diverting to the reactor while limiting the current to the heaters,
making the time limit longer.

In Fig. 6, when current | flowing through the main circuit is close to the full load current, the reactance
component of the saturable reactor is several times larger than the heater resistance, making a small
amount of the current divert to the reactor. When it becomes two to three times the full load current,
the iron core is saturated, making the reactance smaller than the heater resistance while most of
current I diverts into the reactor.

Fig. 7 "a" and "b" indicate the relationships between the terminal voltage and current of only the heaters
alone and the relationships between the terminal voltage and current of only the saturation reactor
alone. Fig. 7 "c" shows when connecting in parallel. With the current two to three times higher than
the setting current, the voltage will not increase due to the iron core saturation. This means that even
if current I increases, the terminal voltage will not increase, thus the current in the heaters will not
increase either. This delays the operation and protects the heaters when short circuit occurs. Fig. 8
shows the operating characteristics.

Ix X
y———— 1.000
1
————/ Leads 500
d (connected in  Ir R 300
parallel with .
heaters) 8 200
T:’ 100 With saturable reactor
X : Saturable reactor £
R : Heater o 50
I : Main circuit current £
Ix : Reactor current s 30
Ir : Heater current & 20
. .. 10k
Fig. 6 Structure and principle of saturable reactor Standard model
5 —

1 2 3 4 5 6 7

a (heater only) Multiple of setting current

b (reactor only)
: Fig. 8 Operating characteristics
with saturable reactor (with
¢ (with reactor and without saturable
connected)
reactor)
Motor
starting
Motor full load current current
0 100 200 300 400 500 600

Current (%)

Fig. 7 Relationships between current and terminal voltage
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Whether a thermal overload relay with a saturable reactor is necessary depends on the starting time of

the motor.

Generally, the time is safe if it is 15 seconds or shorter, inappropriate for standard motors if

exceeding 15 seconds and dangerous if exceeding 30 seconds.
The following paragraphs sum up the cases where thermal overload relays with saturable reactors are
applied.

(1)

(2)

()

Protection of motor with long starting time

This function prevents incorrect operation when starting a motor that drives a load of high inertia.
It must be noted that the starting time is shorter than the allowable locked rotor time of the motor.

Protection of motor operating intermittently

When driving a motor intermittently (including jog
operation and reverse braking) while desiring to
produce the maximum short-time output optimally,
a thermal overload relay with a large heater may
be selected at the sacrifice of part of overload
protection. However, use of a saturable reactor
can achieve the same result while sacrificing little.
An appropriate selection is available when the
periodical intermittent operation takes place.
See section 6 "Protection of motors operating
intermittently”.

Protection coordination of motors with large
starting current

Application of this function to a motor with a large
starting current makes coordination of protection
simple with molded case circuit breakers and fuse.
When a circuit accident occurs, motor protection
and short circuit protection can be coordinated.
See Fig. 9.
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Available Starting Methods and Their Selection
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1. Outline of Various Starting Methods

The systems for starting squirrel cage induction motors using magnetic contactors are generally
classified as follows. Table 1 shows the comparison of various electromagnetic starting systems.
Each system has advantages and shortcomings.

(1)

(2)

(3)

(4)

Full voltage starting (Direct-on-line starting)
Starting squirrel-cage
motors
Reduced voltage starting — Star-delta starter
| Reactor starter

Autotransformer starter

Purpose of reduced voltage starting

The full voltage starting is the least expensive. Since the motor is started with the large starting
current (5 to 7 times the rated current) and the starting torque left uncontrolled, shock given to the
power supply and mechanical system at the time of starting sometimes causes problems. To
eliminate the problems, the reduced voltage starting is used. This starting method is of two types;
one to mainly reduce the starting current, and the other to mainly control the starting torque. The
star-delta and condolfer starting fall into the former group while the reactor and primary resistance
starting fall into the latter group.

Star-delta starters

The star-delta starting is the least expensive of all the reduced voltage starting methods and is
applicable to motors of 5.5 kW or larger. Shortcomings are that the starting with the load applied
is problematic because the starting current and torque are fixed and not adjustable, and that shock
is great because the circuit is tentatively open (open transition system) when transiting from star to
delta.

To improve these conditions, a resistor is used so that the circuit will remain closed (closed
transition system) when ftransiting from star to delta. Since this system involves small rush
current during transition, it is advantageous for applications such as one using an emergency
generator as the power supply because the generator capacity can be made small. This system
can be used as an alternative to the autotransformer starting.

Reactor starters

The reactor starting reduces the starting torque (proportional to the square of the applied voltage)
while reducing the starting current moderately (proportional to the voltage applied). Itis therefore
used for gradual starting by adjusting the starting torque. When the rotational speed increases
(the starting current to reduce), the voltage applied to the motor increases together with the torque.
Since the reactor starting produces little shock during transition, it is optimum to applications where
the load increases in proportion to the rotational speed or where the load should avoid shock
during gradual starting or transition. It is typically used for bobbins of spinning machines.

Autotransformer starters

The condolfer starting uses an automatic transformer having an 80-65-50% taps. With the coils in
the automatic transformer functioning as a reactor, the circuit will not be open during transition
(closed transition), making the transition shock small. Since the system is expensive, it is not fit to
small capacity motors. It is however suitable for starting with a small capacity generator.
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Table 1 Electromagnetic starting systems for squirrel-cage motors

. Reduced voltage starting
Starting Full voltage starting Star-delta starter
system oo Reactor starter Autotransformer starter
(Open transition)
MC MCR MCR Autotransformer
MCCB THR R Reactor S
— % -
—x e, MCS™ AT |
Circuit X e ¥ 1 o . /—:
configuration — [ MCN
~‘w/°““ % —X |
MCCB MC THR L MCCB MCS Mcém
B Reaclor taps THR Autotransformer taps
MCD MCS 50-60-70-80-90% 50-65.80% P THR
100
100 100
90
5 64 k=
Current 3 50 K&
characteristics 0 25
(line current) S=1 Speed S=0 0 0
L=1s x ( —4-) Vv
Is: 100% 2 \Y I3=1s x ( T)z : 64-42-25%
: 50-60-70-80-90%
Torque
100 100 100}~ -~ <5 100
Torque 33 25 BRRRRS 25
characteristics 057 Spesd 55 0 0 0
- VY 2 = V! 2
Ts : 100% T,=Ts x 1/3: 33% To=Tsx (=) To=Tsx (=)
: 25-36-49-64-81% : 64-42-25%
o Full motor accelerating torque is obtained |e Voltage drop due to starting current can be ¢ s;z;rrt]gegdcurrent and torque can be step ¢ Srt]z:mgdcurrent and torque can be step
Advantages and starting time is reduced. reduced. . Accelera.ting torque can be rapidly . Shocgk is.smaII because power supply is not
* Most economical ¢ S(;?aap;ztt:r?ii s'mg:ﬁzggf all reduced increased as the motor speed increases. disconnected during transition from starting
9 9 ) e Cushion start is possible. to normal operation.
* Because of small starting and accelerating
o Large starting current causes abnormal ﬁ;ﬂgﬁfa:zg;%rn%féﬁ:gcigg?é:; started * Most expensive method. * Most expensive method.
Disadvantages | voltage drop if power supply capacity is « Electrical and mechnical shock occur due | ® Loss_ of starting torque is large in terms of | e Acceleratl_ng torque is as small as in star-
small. : . : starting current. delta starting.
to interruption of power supply during
transition from starting to normal operation.
. o EYD-N (3 contactor system) . .
Mitsubishi type MS-N EY-N (2 contactor system) ERT-N EG-N
Note: Symbols are as follows. V: Power supply voltage, V': Motor terminal voltage, Is: Full voltage starting current, Ts: Full voltage starting torque, |, — I; and T, — T5: starting current and starting torque

for full voltage starting



2. Selection of Magnetic Contactors in Various Motor Starters

Selection of magnetic contactors used in motor starters requires the following to be reviewed.
a. Closing and breaking capacities

Continuous current capacity or short-time over current capacity

Life (switching endurance)

No-current time margin during switching

Voltage drop

® Q00T

(1) Performance required for magnetic contactors in various applications

Table 2 shows the results of calculating necessary closing/breaking capacity and continuous
current capacity of the magnetic contactors applied to various starters listed in Table 1.

Table 2 Necessary making/breaking capacity and continuous current capacity
of magnetic contactors used in various starters

Continuous current Applicable magnetic contactors
capacity (ratio to motor capacity kW)
Tap . . ) Selec_tion base!J on )
Starting method | value Making | Breaking Conti- Conti- making/breaking | Selection based|
(%) current | current nuoUS nuous capacity (for on continuous (categor
gory
current cu_rrent category l_\C-3 curre[lt AC-3)
time magnetic capacity
contactors)
Direct-on-
line MC - 6 1(6) 1 Continuous 1 1 1
starting
Star-delta | MCS - 2 0.8 (2) 2 Short time 0.33 0.33 0.33
starter MCD - |1.4(35)|058(3.5)| 058 | Continuous 0.58 0.58 0.58
E?apnes?ﬁon) MCM - 2 0.58 (3.5) 0.58 Continuous 0.58 0.58 0.58
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 80 438 - 4.8 0.72 0.6~0.9
starter 50 |1~1.2(6)| 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
50 1.5 - 1.5 0.23 02 ~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
Auto- 50 - 0.6 (1.5) 1.5 0.29 0.2~0.3
transform- | MCN 65 - 0.55 (1.4) 1.4 Short time 0.26 0.19~0.3 0.3
er starter 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

Note: The figures in parentheses () in the closing and breaking current columns show the maximum in abnormal conditions.

Table 2 is derived with the following assumptions.
a. The motor starting torque is 300%.

b. The load in the reduced voltage starting is 80% of the maximum torque. If it exceeds the
rated torque, the rated torque is used.

c. The torque is proportional to the square of voltage.
d. The direct-on-line starting current of the motor is 6 times the full load current.
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Multiples of rated current

(2)

The figures in Table 2 are multiples of the rated current of the motors. The closing/breaking
capacities in parentheses require attention. The multiples in steady state assumes that the
starting process has been completed and the current has reduced before transiting from the
starting to operation. If transition takes place before completing the starting process, the
transition current immediately comes close to the values under abnormal conditions.

IEC292-2 recommends that the transition from starting to operation should take place when the
motor has reached 80% of the rated speed or above. If transition takes place before the motor
rotational speed is not high enough while the starting current has not reduced yet, the electrical
endurance of the magnetic contactor will reduce considerably.

For reference, Fig. 1 and 2 show the current and torque characteristics curves in reduced voltage
starting.

Direct on line starting torque

FY Direct-on-line starting current 3
_____ . E »
~o © 1
~ = '\ Load torque
4 1 N o ]
T R it ;=X Synchronous
Reduced voltage starting 2 gy speed
o |__current Synchronous 35 -/"/:‘/ PN
speed = 018 t ; .
e / Speed Optimum
transition point
Speed 0.8 1
Fig. 1 Fig. 2

Selection of magnetic contactors based on closing and breaking capacities

Since general magnetic contactors assume full voltage starting of squirrel cage motors, they have
performance of category AC-3 or AC-4. Class designation required for the full voltage starting
magnetic contactors is AC-3. Since the class requires 10 times the closing and 8 times the
breaking capacities be incorporated, they are with margin against the necessary closing and
breaking capacities listed in Table 2. This is as a result of considering variations in the starting
current due to voltage variation and other conditions. When selecting magnetic contactors based
on the closing and breaking capacities, a similar margin needs to be provided.
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(3) Selection of magnetic contactors based on continuous and short-time current capacity

For continuous operation, select magnetic contactors having required continuous current
capacities based on the values shown in section (1). If the current time is short such as that for
the contactors used only during starting, use of values shown in (1) may pick up magnetic
contactors with too much margin. Since this is not economical, lower capacities should be
selected based on the relationships among continuous current, current carrying time and the
short-time current capacity of magnetic contactors.

In general conditions of use, the overall capacities are expressed as multiple of output kW of the
motors as listed in Table 2.

(4) Electrical endurance of reduced voltage starters

If a starter is used several times a day, it can be selected based on the closing and breaking
capacities and continuous current capacity. Switching durability does need to be considered
particularly.

Based on the electrical switching durability of magnetic contactors used in full voltage starting, the
electrical switching durability of the starter can be estimated to be inversely proportional to the
square of the breaking current.

If switched in the middle of the starting process, the contactor breaking current may become the
values in parentheses in Table 2 in section (1). This requires attention since it causes abnormal
contact wear.

(5) No-current time margin for transition

Some magnetic contactors used in reduced voltage starters may cause short circuit if closed
simultaneously. If an electrical interlock is provided, possibility of simultaneous closing is very low.
If the time from breaking by the magnetic contactor of the starter to the closing by the running
magnetic contactor (no-current time margin for transition) is too short, short circuit due to arc may
occur.

For high voltage circuit applications, a relay or a timer may be used during transition without
changing the frame size of the magnetic contactor.

(6) Voltage drop

Since a reduced voltage starter is used for relatively small power supply, it may suffer voltage drop
during starting. For an open transition star-delta starter in particular, when transiting from star to
delta, the motor is momentarily isolated from the power supply. When closing for transition to
delta, a large rush current flows due to the phases of the power supply and the residual voltage.
Since this may cause the power supply voltage to drop considerably, a magnetic contactor having
excellent anti-voltage drop characteristics should be used.

Type S-N magnetic contactors have the coil functions incorporated in the present low-voltage
compensation type as part of the standard features.
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3. Troubleshooting of Star-Delta Starter Failures

Phenomenon

Cause

Factor

Corrective action
Action in () applies to other
than star-delta

Excessive contact wear, contact welding in some cases.

Contact chattering due to
voltage drop

Insufficient power supply capacity
1) Voltage drop due to delta rush
current
2) Voltage drop due to overload during
delta operation
3) Voltage drop due to connection of
other loads

1. (Review power supply capacity.)

2. Make delta contacts as follows.
1) Powerful against voltage drop
2) Equipped with mechanical latch
3) Delayed open type

Contact chattering due to
momentary power
interruption

Momentary power interruption of power
supply

Make delta contacts as follows:
1) Equipped with mechanical latch
2) Delayed open type

Frequent, continuous,
repeated starting

Star contactor short-time over current
capacity is exceeded.

Increase contactor capacity.

High star breaking and delta
closing currents

N

. Star starting time is too short.

2. Overload or locking during star
operation

3. Rush current in delta wiring is high.

1. Make star starting time (timer setting)
longer.

2. Review transition time from star
connection to delta connection (if star-
delta timer is used).

3. (Review load and motor torque.)

Contact chattering due to
operating contact chattering

1. Chattering of external command
contacts
2. Chattering of timer contacts

Check for voltage drop.
. Check timer and external command
contacts.

N =

Contact chattering due to
insufficient tightening of
terminal screws

Repeated coil on/off due to insufficiently
tightened coil or contacts terminal
SCrews

Tighten terminal screws.

Contactor unable to break.

Insufficient contactor capacity

Increase contactor capacity.

melting

(Simultaneous closing of star and delta contacts) — Contact welding or

Phase-to-phase short circuit

Simultaneous closing by
external force (such as
hand)

Only electrical interlock is available
between star and delta contacts.

Provide mechanical interlock between
star and delta contacts.

Simultaneous closing due to
shock

1. Only electrical interlock is available
between star and delta contacts.

2. Installed where receiving shock
easily.

1. Provide mechanical interlock between
star and delta contacts.
2. (Review installation location.)

Arc short circuit

1. Insufficient transition time from star to
delta.
2. Arctime is long.

1. Provide mechanical interlock between
star and delta contacts.

2. Use contactor with sufficient breaking
capacity.

Momentary power failure
during delta operation

Where automatic contacts or residual
type contacts are used, if power is
restored with star and delta contacts
open and main contacts closed,
excitation of star and delta coils occurs
simultaneously due to re-closing of time
delay contact a (see circuit below).

RT MCs MCD
MCD MCS

MCM ™~ ]

Change circuit.
1) Use timer to interlock star and delta.
2) If 1) above does not work, Use
following circuit.

____RT

el
-——/ L T——~1

RT —

ti {MCS
P — C

LD ]

MCD i
___% M

LS|
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Combination of Magnetic Motor Starters
and Circuit Breakers
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1. Protective Range of Magnetic Motor Starters

Magnetic motor starters are used mainly for remote control of motors, like start, stop, etc., and for motor
burning protection from overload, locked rotor condition, etc., and the used current range is relatively
small, and there is no braking and making capacity for the large currents at time of short circuit. The
presently marked general magnetic motor starters mostly have the category AC-3, AC-4 breaking and
making capacity specified in the IEC standard (IEC 60947-4-1) (8 to 10 times of the rated operational
current), and the margin is about 10 to 15 times. For thermal overload relays also, except for special
cases, there is the danger that the heater melts before tripping with flow of a current above a certain
value.

The IEC standard (IEC 60947-4-1) considers this as 13 times of the rated operational current. The
currents in excess of 13 times of the rated operational current are outside of the range of magnetic
motor starters, and distribution line circuit breakers, fuses, or other automatic breakers must be used.
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2. General Study of the Protection Coordination of Molded Case
Circuit Breakers and Magnetic Motor Starters

(1)

(2)

Necessary condition for protection coordination

The following items are to be considered for protection coordination of a branch circuit with motor
load and molded case circuit breakers and magnetic motor starters.

(a) The magnetic motor starters must be able to make and break accurately the max. current
which can occur in normal operation of the motor.

(b) The thermal overload relays must have tripping characteristics permitting accurate protection
of the motor against overload and locked rotor condition.

(c) The molded case circuit breakers must have the breaking capacity to accurately break the
short circuit current flowing at the time of short circuit. (including cascade breaking.)

(d) The wire size of the branch circuit must be so that no burning occurs from I’t during the
tripping time of the molded case circuit breaker, when a short circuit current flows.

(e) The wiring of the branch circuit must be protected correctly by thermal overload relays or
molded case circuit breakers against overcurrent.

(f) There may be no erroneous tripping of the molded case circuit breaker from the inrush
current of the motor. (Pay special attention to the inrush current at the half cycle at the time of
making.)

(g) The tripping characteristics of thermal overload relay and molded case circuit breaker must
have a point of intersection, protection tripping characteristic must be provided over the entire
current range without interruptions, and the current below the intersection point must be
below the characteristic of the thermal overload relay.

(h) The intersection point of the tripping characteristics must be at a current value below the
breaking capacity of the magnetic motor starters.

(i) When short circuit current flows through the magnetic motor starters, the magnetic motor
starters may not be damaged until the molded case circuit breaker breaks.

When all of the above conditions are fulfilled, the protection coordination for the branch circuit is
perfect, but from the point of economy it cannot always be said that perfect equipment for all
conditions is of advantage. The extent of the protection coordination for a branch circuit as a system,
and this reliability of the system should be considered in several steps according to the degree of
necessity and the economical connection.

Of the above conditions, (a) to (f) are definitely necessary, while (g) to (i) can be realized without
troubles from the economical point of view, and investigation should be made according to the
degree of necessity.

Relationships of operating characteristics between circuit breakers and magnetic motor
starters

The operating characteristics of a magnetic motor starter used for a class E motor needs to satisfy
the following conditions to protect the motor and to avoid incorrect operation.

1) Not to operate at 100% of the rated motor current and to operate at 125%.
2) To operate between 3 and 30 seconds at the starting (rocked rotor) current of the motor.

Fig. 1 shows the operating characteristics of a thermal overload relay and the thermal
characteristics and starting current of a motor. Above conditions 1) and 2) are satisfied if all
curves are figured in a configuration shown in Fig. 1 (A).

For the present thermal overload relays (having RC divisions), these conditions are satisfied in
general by selecting a thermal overload relay having its heater setting current equal to the rated
current of the motor.

On the other hand, the capacity of accompanying circuit breakers is limited to 2.5 times the motor
rated current (or the model immediate above) or lower according to the Japanese electrical-
equipment-technical-standard clauses 185-5 and 186-6. While it is necessary to follow this
restriction, if the selected rated current is too small, it may operate incorrectly due to the rush
current during starting the motor as shown in Fig. 2.
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A steady state starting current which is approximately 5 to 7 times the rated current flows in a
squirrel cage motor. In the beginning or starting process (first half cycle in particular), since the
DC is superimposed, a further greater transient rush current flows. Its multiplying factor depends
on the power factor as shown in Fig. 3. Assuming that the motor starting power factor is -0.4, it will
be approximately 1.3 times the steady state starting current. In addition, if instantaneous
restarting (after the power turned off and before the motor stopping, the motor is restarted) takes
place, it will be approximately twice more in the worst case, that is, the current can reach
approximately 2.6 times the steady state starting current. Fig. 4 shows the measurement on an
actual motor.

Since a circuit breaker trips instantaneously with approximately the half cycle minimum, selection
should be such that the circuit breaker will not operate under this rush current. To avoid incorrect
operation due to the rush current, it seems to be all right if the instantaneous trip current of the
circuit breaker is approximately 14 times the rated current.

As described above, it is a key to have an intersection when selecting the characteristics of a
magnetic motor starter and a circuit breaker. Fig. 1 (A) shows when condition 2 (1) (g) is satisfied
while it is not satisfied in Fig. 1 (B). Since a point of discontinuity exists in the protective
coordination in Fig, 1 (B), heaters of the thermal overload relays will melt when a current in this

region flows. In Fig. 1 (A), if the
intersection is above the breaking g Motor thermal . ..\ o
capacity of the magnetic motor starter, & ChaﬁCte”St'CS heactortics Jporaing
the magnetic motor starter may be -2 \ Allowable current/time
unable to break current even if the £ characteristics of load side wire
thermal overload relay operates. This '§ Intersection of characteristics curve
. . Melting point of heaters

means _that, even if there is an % ofther?ng, overload relay
intersection between the tWo £ irhermia X< Allowable current/time
characteristics curves, condition 2 (1) F loverload .\~ Characteristics of wire on power

. o relay operating supply side of circuit breaker
(h) should be satisfied. characteristics \\ . (Note) Short circuit current
It is favorable to satisfy the conditions Motor | \ ’ at load side wire
set out in this section from the (S:Ear;gf;? N Lerlmlnft:\# to be .
viewpoint of protective coordination. ; "\ clow this current.

However, since such a current region is
relatively small and the possibility for
such a current to generate is also
marginal because the current in this

(@ (b) (c)(d) (e) ()
Current (logarithmic scale)
(a) Steady state starting current of motor

(c) Transient rush current of motor
(d) Instantaneous trip current of circuit breaker

region . depends . mamly on the (f) Rated breaking capacity of circuit breaker
grounding of the winding and the layer, (short circuit current at point of installation)
such conditions are sometimes

dismissed.

Motor thermal characteristics

Fig. 1(A) Relationships between characterictics
in protective coordination

o grigrg(t:t%rr?:tli(c?sr operating Thermal relay operating characteristics
S . .
= Allowable current/time g ! Circuit breaker operating
characteristics of load = ' chayécteristics
Thermal side wire !
relay '
operating '
characteristics \
X \ ------
. . | ’ H Incorrect operation
Melting point of ! \ Motor starting ! of circuit breaker
heaters of thermal current ,
overload relay ' ; L
1 ' .
! () ; : A
(D)~ (f) X
Current Current
Fig. 1(B) Relationships between characteristics Fig. 2 Example of incorrect operation of

circuit in protective coordination

breaker due to motor rush current

91



()

Behavior of magnetic motor starter applied to short circuit current

When current flows through a magnetic motor starter, electromagnetic reaction force is generated
across the contacts that is expressed approximately by Snowden's formula. Due to this
electromagnetic reaction force, contact of the magnetic motor starter float and open if 20 to 40
times the rated working current flows. Therefore, if a short circuit current of not less than above
value flows, the contacts float. This causes arc to generate between the contacts, possibly
resulting in contact weld or short circuit between poles.

If a short circuit accident occurs, the circuit breaker breaks the short circuit current. The wave
height and I’t of the passing current expressed as the function of the prospective short circuit
current increase when the short circuit current increase. Where a short circuit current exceeding a
certain limit flows, to prevent damage to the magnetic motor starter by the circuit breaker, it is
essential to either prevent arc generation between the contacts (to make the contacts not float) or to
keep it very small. However, when the point of short circuit is far end of the load and small in
magnitude, the magnetic motor starter may escape such damage as described in section 3(4).

It : Peak value of

(4) Degree of protective coordination
Various circuit breakers with different performance and characteristics are manufactured.
Magnetic motor starters can be improved to some degree in terms of protective coordination. This
allows to achieve various degrees of protective coordination with respect to the conditions
discussed in sections 2(2) and (3).
The required degree of protective coordination should be determined based on its necessity and
economy as described earlier.
(Note) Multiplying factor
Peak value of transient rush current
Rated current (effective value)
20
\ 6 L
1.8 | g e
. 14 ] i T 1 1
, 1.7F | £ | :I [| |
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151 S AiNHISNI SRR
5 fhr P
= ! ;
i
1

transient rush

current

8
6
Peak value of 4
2

1.3
lo:
12k steady state Full voltage starting
: starting current ~ = ~Jog operation-—
Reversible operation
1.1 L ! 1 i
02 0407515 22 37 55 75
1 1 | L 1 1 |
0.1 02 03 04 05 0.6 0.7 Motor output (kW)

Fig. 3 Rush current when starting motor Fig.4 Multiplying factors between motor rated

current and transient rush current

In this regard, IEC Standard (IEC 60947-4-1 "Electromechanical contactors and motor starters")
defines the following "types of coordination" depending on the degree of damage to magnetic motor
starters under short circuit.

Type "1" In a short circuit state, the contactor or a starter does not cause any personal injuries or
damage to equipment while it does not need to be operative further without parts repair
or replacement.

Type "2" In a short circuit state, the contactor or a starter does not cause any personal injuries or
damage to equipment while it must still be operative. If the manufacturer provides
instruction to be taken with the equipment, the contacts may weld.

As examples of handling by some other codes and standards, the UL Standard (USA) No.508 and
CSA Standard (Canada) C22-2 No.14 define that, when a magnetic motor starter combined with a
fuse or a circuit breaker having the capacity of 3 to 4 times the rated working current carries a short
circuit current of 5,000A, the magnetic motor starter is to exhibit no abnormalities (welding of the
contacts is allowed).
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3. Protection Coordination of Type MS-N Series Magnetic Motor
Starters and Type NF Circuit Breakers

(1) Breaking capacity of type S-N magnetic contactor

The intersection of the operating characteristics of a circuit breaker and a thermal overload relay is
not necessarily in the region of inverse time-delay operation of the circuit breaker as shown in Fig. 1
(A). It may be in the instantaneous trip region as shown in Fig. 5. In this region, if the breaking
capacity of the magnetic contactor is without a sufficient margin, the intersection may exceeds the
breaking capacity of the magnetic contactor. Considering this possibility, the type S-N magnetic
contactors are designed to have a margin in the breaking capacity. As shown in Table 1, the
breaking capacity is 13 times the rated working current or higher at 440V or below.

This allows to select magnetic contactors by a slight margin in the rated capacity with respect to the
motor even if the intersection of the operating characteristics curves is such as shown in Fig. 5.
The selection is economically advantageous when considering protective coordination.

Circuit breaker
operating
characteristics

Thermal
Q@ |overload ) ]
E |rela Intersection of operating
= y o

operating characteristics curves

characteristics

Melting point

(-

X

Current

Fig. 5 Intersection of circuit breaker and thermal overload relay
Table1 Maximum breaking capacity of type S-N magnetic contactors (number of breaking
operations: 5)
Rated current Breakin Rated current Breakin
m:::: (A) capacity (S»’A) I\::::;I (A) capacity (1)
AC-3 440VAC 440VAC AC-3 440VAC 440VAC
S-N10 7 100 S-N125 110 1800
S-N11, N12 9 150 S-N150 150 2300
S-N18 13 200 S-N180 180 2700
S-N20, N21 20 270 S-N220 220 3600
S-N25 24 400 S-N300 300 4800
S-N35 32 500 S-N400 400 7200
S-N50 46 700 S-N600 630 6400
S-N65 62 950 S-N800 800 8200
S-N80 75 1200
S-N95 93 1200

(2) Over current capacity of Type TH-N thermal overload relays

To locate the intersection of the operating characteristics curves in the inverse time-delay operation
region of the circuit breaker as much as possible, the type TH-N thermal overload relays have
slightly long operating times and heaters with larger over current capacities. These features
indicate that the thermal relays are designed as a prerequisite to have protective coordination of the
operating characteristics with the type NF circuit breakers.

The so-called "melting point" in particular where the heater melts before the thermal overload relay
operates is 13 times the maximum heater current as shown in Fig. 6. This is for definite protective
coordination with the type NF circuit breakers.
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The melting of the heater of a thermal overload relay in a short circuit fault depends on the amount
of I’t that passes through the thermal overload relay. The amount of heater melting I’t for the type
TH-N is relatively large, facilitating to achieve better protective coordination.

Table 2 lists outline of the allowable I°t and heater melting I’t of the type TH-N thermal overload

relays.

(Width of average values
of each heater)

20° cold start

Y\ _____ Operating characteristics
———— Heater melting

100" characteristics

Melting time/operating time (s)
3

O L Il L Lot Il I J ]
1 2 3 5 7 10 20 30
Multiple of set current

Fig. 6 Example of heater melting characteristics of heater of type TH thermal overload relay

Table 2 Allowable I’t of type TH thermal overload relays with short circuit current passing

Type Allowable Iztzstill Heater melting It Heater melting I’t with reactor
reusable (A’s) (A°s) (types TH-SR) (A”s)
TH-N12/N18 150 ~ 500 I 250 ~ 1000 I 10000 I or more
TH-N20 150 ~ 500 I 250 ~ 1000 I 10000 I or more
TH-N60 250 ~ 600 I 400 ~ 1000 I 10000 I or more
TH-N120 300 ~ 700 I 500 ~ 1200 I 10000 I or more
TH-N220 Used with dedicated current transformer. Due to current transformer saturation in large
TH-N400 current region, heater hardly melts.
TH-N600 Though depending on characteristics of accompanying current transformer, possibility
) of heater to melt is low due to current transformer saturation.

Note 1: Heater nominal current (see page 74)

(3) Coordination of operating characteristics

Fig. 7 and 8 show examples of protective coordination characteristics between the type MSO-N
magnetic motor starters and the type NF circuit breakers. Those figures show achievement of
favorable coordination.

To prevent unnecessary incorrect operation, the instantaneous trip current is set slightly higher for
the type NF circuit breakers. Therefore, the rated current of the type NF circuit breakers to be
selected in appropriate protective coordination with the type MSO-N magnetic motor starters can be
relatively small, which is approximately 1.5 times the set current of the thermal relay heaters.
Tables 3.1 and 3.2 show examples of combination of the type NF circuit breakers and the type
MSO-N magnetic motor starters while considering the operating characteristics coordination.
These combinations actually exhibit favorable coordination characteristics as illustrated in the
figures.

One of the issues related to arranging operating characteristics coordination occurs when, due to
the breaking capacity, a circuit breaker of a relatively larger frame for the size of the type TH-N
thermal relay heater needs to be selected. In such a case, because of the lower limit of the rated
current of the circuit breaker, protective coordination is sometimes difficult to establish. As a
solution to the problem, the type TH-N thermal relay equipped with a reactor is used because one
with a reactor allows to set the heater melting point at 30 times the rated current or above. Fig. 9
and 10 show examples of protective coordination characteristics applicable to this case.
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Operating time (sec)

Fig.

Operating time (sec)

MSO-N21 9A
cold start

NF30-SP 20A
cold start
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6000
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7 Example of protective coordination
between type NF30-SP circuit
breaker and type MSO-N21
magnetic motor starter

T

MSO-N21 1.7A
cold start

NF100-SP 15A
cold start

MSO-N21SR  1.7A

60 100 6001000
1 PP — PR

with reactor, cold start

6000

4 6810 20 40 80 200 400 800 20004000 8000

Current (A)

Fig. 9 Example of protective coordination
between type NF100-SP circuit
breaker and type MSO-N21SR

magnetic motor starter (with reactor)

MSO-N50 42A
cold start

NF100-SP 60A
cold start

Operating time (sec)

AN\

100 600 1000 6000
Lol L N . .

10 20 406080 200 400 800 20004000 8000

Current (A)

Fig. 8 Example of protective coordination
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between type NF100-SP circuit breaker
and type MSO-N50 magnetic motor starter
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Fig. 10 Example of protective coordination
between type NF225-SP circuit breaker
and type MSO-N150SR magnetic motor
starter (with reactor)
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Table 3.2 For 400/440VAC three-phase induction motors

Ford4-pole | . Interrupting capacity (kA) 460VAC (sym)
agnetic motor starter
motor 15 25 75 10 15 25 30 42 50 65 125 200
e rartont | Flamesize |i5<| Model | £| Model | Z| Model | £ Model | £| Model | £| Model | £| Model | Z| Model | £| Model | Z| Model | £| Model | E| Model |
kW A % ] name g name & name g name & name & name & name & name g name & name & name g name g
02 | 06 |Nfo-Nat 0.7 [NF30-CS | (3) [NF30-SP | (3) [NF50-SP [(10)[NF50-HP_| 10 |NF225-CP| |NF100-SP_|(15) NF50-HC | (3) [NF100-HP_[(15) NF100-RP__|(15)[NF100-UP_[(15)
04 | 14 [Nto-Net 1.3 [NF30-CS | (3) [NF30-SP | (3) [NF50-SP |(10)[NF50-HP | 10 NF100-SP__|(15) NF50-HC | (3) [NF100-HP_|(15) NF100-RP__|(15)[NF100-UP_[(15)
075 1.9 [N10-N2i 1.7 [NF30-CS | 5 [NF30-SP | 5 |NF50-SP |(10)|NF50-HP | 10 NF100-SP__[(15) NF50-HC| 5 [NF100-HP_[(15) NF100-RP__|(15)[NF100-UP_[(15)
15 | 32 [N10-N2i 3.6 [NF30-CS | 10 [NF30-SP | 10 [NF50-SP | 10 [NF50-HP | 10 NF100-SP__|(15)[NF50-HC | 8 NF100-HP_|(15) NF100-RP__|(15)[NF100-UP_[(15)
22 | 46 |N10-N2t 5 [NF30-CS | 10 [NF30-SP | 10 [NF50-SP | 10 [NF50-HP | 10 NF100-SP__|(15)[NF50-HC | 8 NF100-HP_|(15) NF100-RP__|(15)[NF100-UP_|(15)
£[37 ] 75 [ni-nss 6.6 [NF30-CS | 20 [NF30-SP | 20 [NF50-SP | 20 [NF50-HP | 20 NF100-SP__| 20 [NF50-HRP_| 20 NF100-HP_| 20 NF100-RP_| 20 [NF100-UP_| 20
855 [ 11 [Nte-N3s 11_|NF30-CS | 30 |NF30-SP | 30 |NF50-SP | 30 [NF50-HP | 30 NF100-SP__| 30 [NF50-HRP_| 30 NF100-HP_| 30 NF100-RP_| 30 [NF100-UP_| 30
o[ 75 | 15 [N20-N35N50 | 15 [NF30-CS |30 |NF30-SP | 30 [NF50-SP | 30 [NF50-HP | 30 NF100-SP__| 30 [NF50-HRP_| 30 NF100-HP_| 30 NF100-RP__| 30 [NF100-UP_| 30
S| 1| 22 |nesnaswnsowes| 22 NEao-oP | 50 [NFS0-SP | 50 |NF50-HP | 50 NF100-SP | 50 |NF50-HRP | 50 NF100-HP | 50 NF100-RP | 50 |NF100-UP | 50
5[5 | 28 [NssNso-N8O | 28 NF60-CP | 60 [NF60-SP | 60 [NF60-HP | 60 NF100-SP_| 60 NF100-HP_| 60 NF100-RP__| 60 [NF100-UP_| 60
185 | 34 |N50-No5 35 NF100-K | 100 [NF100-CP | 60 NF100-SP__| 60 NF100-HP_| 60 NF100-RP__| 60 [NF100-UP_| 60
22 | 42 |N50-N95 42 NF100K | 100[NF100-CP | 75 NF100-SP_| 75 NF100-HP | 75 NF100-RP_| 85 [NF100-UP_| 75
30 | 55 |Ne5-N125 54 NF225-K | 150 [NF100-CP | 100 NF100-SP__[100 NF100-HP_|100 NF100-RP__|100[NF100-UP_|100
37 | 65 |NBO-N150 67 NF225-K [200 [NF100-CP | 100 NF100-SP__[100 NF100-HP_[100 NF100-RP__|100[NF100-UP_|100
45 | 82 [N95-N150 82 NF225K 225 NF225-CP | 125|NF225-CP_[ 125 NF225-HP 125 NF225-RP__|125|NF225-UP_[125
55 | 11 - 1 NF50-CP | 30 [NF50-SP | 30 [NF50-CP_| 30 NF100-SP__| 30 [NF50-HRP | 30 NF100-HP_| 30 NF100-RP__| 30 [NF100-UP_| 30
75| 15 - 15 NF50-CP | 40 |NF50-SP | 40 [NF50-CP_| 40 NF100-SP__| 40 [NF50-HRP | 40 NF100-HP_| 40 NF100-RP__| 40 [NF100-UP_| 40
| 22 - 22 NF50-CP | 50 |NF50-SP | 50 [NF50-CP_| 50 NF100-SP__| 50 [NF50-HRP | 50 NF100-HP_| 50 NF100-RP__| 50 [NF100-UP_| 50
5| 28 - 28 NF100-K | 75 [NF100-CP | 60 NF100-SP__| 60 NF100-HP_| 60 NF100-RP__| 60 [NF100-UP_| 60
185 34 - 35 NF100-K | 100 [NF100-CP | 60 NF100-SP__| 60 NF100-HP_| 60 NF100-RP__| 60 [NF100-UP_| 60
2 | @ - 42 NF100K [ 100[NF100-CP | 75 NF100-SP_| 75 NF100-HP_| 75 NF100-RP__| 75 [NF100-UP_| 75
30 | 55 - 54 NF225-K | 150 |NF100-CP | 100 NF100-SP__[100 NF100-HP_[ 100 NF100-RP__|100|NF100-UP_| 100
37 |65 - 67 NF225-K | 200 [NF100-CP | 100 NF100-SP__[100 NF100-HP_[ 100 NF100-RP__|100|NF100-UP_| 100
5 | 82 - 82 NF225K [225 NF225-CP | 150|NF225-CP__|150 NF225-HP_[150 NF225-RP__|150|NF225-UP_| 150
55 | 96 [N125-N220 105 NF225-CP [175|NF225-CP_|175 NF225-HP_[175 NF225-RP__|175|NF225-UP_|[175
T 75 | 134 |N150-N220 125 NF225-CP |225|NF225-CP_|225 NF225-HP | 225 |NFAO-HEP |225|NF225-RP | 225|NF225-UP_|225
o |90 | 160_[N180~N400 150 NF225-SEP_|225 NF225-HEP | 225 |NF400-HEP | 225 NF400-REP | 225|NF400-UEP |225
£ [10 [ 192 [N180~N400 180 NF400-SP_| 350 |NF400-HEP | 300 [NF400-REP_| 300 |NF400-UEP | 300
5[732 | 233 |N220-N400 250 NF400-SP_| 400 |NF400-HEP [400 [NF400-REP_| 400 |NF400-UEP |400
o [ 160 | 200 [N300-N400-(N600)| 250 NF600-SP_| 500 |NF600-HEP [500 [NF600-REP_| 500 |NF600-UEP | 500
3| 200 | 360 INooowson) | 330 NF600-SP 600 [NF600-HEP |600 |NF600-REP |600 [NF600-UEP {600
5 N300-N400-
220 | 380 [FCTENT) - NF600-SP 600 [NF600-HEP |600 |NF600-REP |600 [NF600-UEP {600
l 250 | 430 |(N60ON80O) | 500 NF800-SEP | 700 |NF800-HEP | 700 [NFB00-REP | 700 |NF800-UEP | 700
300 | 500 |(N60O-N80O) | 500 NF800-SEP | 700 |NF800-HEP | 700 [NFB00-REP | 700 |NF800-UEP | 700
Notes:

1. Starting conditions equivalent to IEC 60947-4-1 AC-3 (full voltage starting, Y-A starting).
Protective coordination is decided at 40°C cold start.

2.
3. The ratings shown in (
4.

) are for thermal relays equipped with reactors.

The rush current switching to A depends on the residual magnetic flux at the time of Y starting, A closing
phase or power transformer capacity. They are approximately as shown in the table on the right.
5. The maximum starting current is the effective current (current after disappearance of the transient
phenomenon) when the rotor is about to start rotating.
6. It is generally known that a large transient rush current flows in Y-A starting. The open transition system is
assumed.

Starting conditions

Maxi tarti t of Starting rush current
Motor capacity |Full voltage starting £ ﬁxunlum starting curreln_ T (multiple of full load current)
(kW) time (600%) (sec.) ull voltage starting (m.u tiple Full voltage Y-A starting
of full load current) (times) . L N
starting (times) (times)
02~75 10 8 12 16
11~ 55 10 8 12 17
75 ~150 10 8 14 18




Installation and Connection
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1. Direct Installation

The magnetic motor starters are designed to be installed to one positional orientation due to their
structure. The characteristics change if installed differently.

The magnetic motor starter is installed correctly if the terminals on the line terminal upwards and the
load terminals downwards and if it is in parallel with the vertical planes such as the panel face, wall and
column. Structurally, the balance of operation between the movable elements and the spring system is
designed so that the movable elements move horizontally. The thermal overload relay characteristics
are also defined when installed to the correct orientation. Fig. 1 shows the positional orientation of
installation.

If installed face up, the weight of the contactor movable elements acts downward against the spring.
This causes the closing time to quicken, the operating voltage to lower and breaking voltage to lower.
The closing impact becomes high, adversely affecting the switching durability and circuit breaking.

If installed face down on the other hand, the operating voltage becomes high due to insufficient
attractive force during closing. Therefore, it is unfavorable because poor contact closing may result
depending on beat or voltage. Installation with one side up causes the motion of the sliding elements
to change, adversely affecting the switching durability.

The allowable tilt is within £30° both in left/right and fore/aft directions.
panel are sturdy and do not transmit vibration or impact easily.

It is favorable that the wall and

Top Top Top Top
3%)1;7)0 30°30°
7 7
Bottom /"1 ‘Bottom/ 1"\ Bottom Bottom
Regular Tilted Face up Face down
© O X x
Fig. 1 Installation orientation

Because of wiring or device layout, the magnetic motor starter may have to be installed with one side up.
It makes little difference in the characteristics compared with the correct installation. However, from
the viewpoint of the operating reliability and mechanical switching durability, the MS-N series are to be
installed as shown in Fig. 2. Note that the type S-N600 and N800 cannot be installed with one side up.
Due to the mechanical interlock system, the reversible types cannot be installed with one side up either.

— — s

!

I —
- LD
= J
:

] -
_ ) Rotated 90°
counterclockwise

Horizontal installation

[

Regular installation

Fig. 2 Horizontal installation direction
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2. DIN Rail Installation

(1) Applicable types
Table 1 Typical types applicable to rail installation

Magnetic motor Magnetic Magnetic motor Magnetic Thermal overload
starter contactor starter contactor relay
MSO-N10 S-N10 MSOD-N11 SD-N11 TH-N12 + UN-HZ12
MSO-N11 S-N11 MSOD-N12 SD-N12 TH-N20 + UN-RM20
MSO-N12 S-N12 MSOD-N21 SD-N21 Magnetic relay
MSO-N18 S-N18 MSOD-N35 SD-N35 SR-N4
MSO-N20 S-N20 S-N28 SR-N5
MSO-N21 S-N21 S-N38 SR-N8
MSO-N25 S-N25 S-N48 SRD-N4
MSO-N35 S-N35 SL (D) - N21 SRD-N5
MSO-N50 S-N50 SL (D) - N35 SRD-N8
MSO-N65 S-N65 SL (D) - N50 SRL (D) - N4
SL (D) - N65

(2) Applicable rails

Two types of top hat rails available that comply with DIN, EN and IEC standards. The profiles and
dimensions are defined as shown in the table below.

Table 2 Applicable rails

Rail Rail specification
1 TH35-7.5 Rail width 35 mm, height 7.5 mm
2 TH35-15 Rail width 35 mm, height 15 mm
Top hat rail TH35-7.5 Top hat rail TH35-15
0
15_54
Burr free edge 7-5_8_4 1£0.04

7 No burrs

27+0.2

a=,

24+0.2

i

—lezzmin. {o 2.5max.

Detail Z
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(3) Rail installation screw distance

The DIN rail strength depends on the deflection and permanent deformation due to torsion with the
product installed. Obviously, this in turn depends on the magnitude of torsional moment with the
product installed and the distance of the screws that secure the rail on the panel surface.
Deflection h of steel rails is as follows. (This can be applicable to aluminum as well.)

/\/\l ’,\/ 50

\%\\\\f |

|

|
o
N
D
)

. ME
N - mm Under load exceeding this
10000 ~ line, TH35-15 rail deforms

permanently.

Permanent deflection of TH 35-15 rail
with t=50 N/mm?

5750 -
5000
4000 <N
e
’5\\, /)7/5
3000 N 2
N & b
)}b [3e)
% E
=
2000 o
Under load exceeding this
i, line, TH35-7.5 rail deforms
permanently.
1000
w Permanent deflection of TH 35-7.5 rail
= with t=50 N/mm?
750 / )
- MSO-N50,N65
S-N50,N65
500
- MSO-N25,N35
400
S-N25,N35,MS0O-N20,N21
w0
300 :
4% S-N20,N21
I
=
200 <'§ SD-N11,N12
-t MSO-N10,N11,N12,N18
[
| T——S-N10,N11,N12,N18
100 - { TH-N12+UN-HZ12
100 200 300 400 500 1000 1500 mm
L —
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Due to the mechanical strength of the rails, the distance between the screws should be equal to or
less than those shown in Table 3.

Distance between
installation screws

L L L

Table 3 Distance L between rail installation screws (mm)

- N10
Frame size N11 N18 N25 NS0
PN N12 N20
+@©-®—® TH-N12 +| N2 N35 N65
Mode of installation UN-HzZ12
_ - Installation on | TH35-7.5 | 100 (100) (100) -
channel TH35-15 500 500 500 500
Il ll
©. ©. Installation on |TH35-7.5 | 250 250 200 | (150)
| ] panel surface | 1435.15 500 500 500 500

(a) Installed on channel

Notes: 1.If several types are on one rail, selecting the minimum
distance is favorable.
2.The distance in parentheses are not recommended to
operation at high switching frequency.

(b) Installed on panel surface

(4) Clearance between products on rail

Considering the temperature rise and life of each product, the clearance between products on one
rail should be equal to or greater than those shown in Table 4.

g

s

| S—

=

| —

Table 4 Clearance ¢ between products installed on rail (mm)
Frame size N10 N18 N25 N50
N11 N20 N35 NG5
Type N12 N21
MSO type 5 5 5 10
S type 5 5 5 10
Installation with no clearance * OK OK OK OK

Note: *+ When installing products that carry current continuously, operate at high switching
frequency and heavy duty on one rail, installation with no clearance should be
avoided as much as possible because temperature rise and impact may reduce the
life.

As a means to provide clearances, it is recommended that commercially available spacers
(thicknesses in multiple of 5 mm) be used.
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(5) Installation strength of products on rail

As a guideline of the securing force and safety for products installed on a rail, the following table
shows the test results.

1) Vibration resistance...... Accelerated vertically, horizontally and fore and aft in the following
conditions.

Table 5 Vibration resistance

Test item Test details Results
UTp Resonance Vibrated at a constant acceleration
ot of 19.6 m/s®at 10to 100 Hzto |l right without
Dowln P check for resonance point. resonance point,
Constant | Vibrated at frequency 16.7 Hz and damage and
— R brati ; i racti side slip.
Aft « —Fore Left —  —Right vibration amplitude 4 mm in both directions
durability |for 1 hour.
2) Impact resistance ........ Tested on pendulum test equipment to check impact resistance.
Table 6 Impact resistance
Impact .
direction Fore — aft Up — down Down — up Left — right
2 2 .
Results 490m/s2 OK 490m/s2 OK At 196 m/s” or above, claw At_ 196 m/s” or above, side
breaks or falls. slip occurs.
3) Drop impact................. Installed on the panel shown below to check acceleration at a point
immediately below the product and its effect.
Table 7 Drop impact
Panel Q’S'ﬁgt Acceleration (m/s?) Height h (mm)
g 294 OK (200mm)
& Results | At 343 to 490. claw breaks | . ]
At 343 to 490, claw breaks (250mm or higher)
or fall.
. (Note) Height h is a guideline and for reference.
S ; Height h
Concrete floor /
Wood block (mm)
4) Static strength.............. Loaded vertically and horizontally.
Table 8 Static strength
Up

| Direction of loading Results
| l I Up — down 588N OK

D At 1760N, rail deforms.
own

Left — right At 196N or above, side slip occurs.

Aft — — Fore Left — — Right

5) Displacement due to switching

No displacement occurs before and after 5,000,000 cycles of mechanical switching durability
test.
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(6) Cautions on application

1) Prevention of side slip. As a means to side slip prevention, break the ribs on the mount at the
time of installation. This makes side slip least likely.

Side slip is possible if it is installed and removed frequently.

case, it is recommended that commercially available end plates be
used on both ends of the product train.

Product

Rib

l|®|l|

[=]

N

L~
Back of product End plate

2) Operating environment................

H) 7 [ e s
on rai
{/ 7£ L

Spacer Spacer End plate

.................... Avoid installation on rails where subjected to

constant vibration during operation. Also avoid
using in an acid gas ambient because the claws
may crack.

3) Check after transporting installation panel ...... If the panel is dropped unintentionally or given

large shock (see section (5) 3)), check the claws

for damage and dislodging from the rail.

(7) Method of installation on rails and condition of installation

L,

To install a device on the rail, first engage the upper
claws with the rail.  While pressing it downward, push
the device in the direction of the arrow. The lower
claws are engaged automatically to complete
installation on the rail.

To check that the device has been installed correctly,
push the device upward with approximately 29.4 N of
force. ltis all right if the device is not disengaged from
the rail.

If it does, install the engaging claws and push it
upwards.
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3. List of Terminal Size and Applicable Terminal Lag

AOverheat or a fire may occur. Observe tightening torque and tighten further periodically.
Install and connect the wires accurately according to the connection diagram. Fasten the
terminal screws correctly according to the torque ranges shown in the list below.
Insufficient fastening causes overheat or wire fallout. Excessive tightening may cause the
terminal screws to break.

Do not let lock paint or thermo-label to contaminate the wire connections or contacts.
Or else, resulting insufficient electrical continuity causes dangerous heat buildup.

Either single wires, stranded wires or terminal lug can be used for the main circuit terminals of the N10
through N21, TH-N12 through TH-N20 types. Terminals with retainers ("self-lifting terminals") are
used for the main circuit terminals of the N10 through N21 and TH-N12 through TH-N20 types and for

the operation circuit terminals of all the types to facilitate connection.

(1) List of dimensions around terminals, screw sizes, applicable wires and tightening torque

for S-N type magnetic contactors.

Model Dimensions around Terminal screw Applicable térprsililcaeﬁbe Terminal screw
name Location terminal size [mm] conductor sizze (Ring type? tightening
and type [e mm, mm~] Max. width in () torque [N.m]
R S ws
S-N10 Main © R <,"wT ) M3.5 x 8
S-N11 Auxiliary “La@ (" @ Self-lifting ‘2’22_‘2‘2’51'6 (V\;id‘tﬁfs) 0.94 - 1.51
S-N12 Coil — tj terminal screw : '
5.2/4.5
—_— ., —
o ANe T4 M4 x 10.5
=4 ol 'V 2 X - —
Main ‘L_jjih..‘v Q_ Self-lifting o1 ?_22'6 (Wi1dth610) 1.18 - 1.86
— terminal screw
52|55
S-N18
- [ —
o Vﬂi ! M3.5 x 8
~ SEESEERS s 2-021. -2.
Coil Lﬁj Lo Self-lifting ”112_ 2‘”51 6 (VJi dthzfg) 0.94 - 1.51
— Ll::% terminal screw : '
3851
e S—
H [
o A3 2 [ (% M4 x 10.5 i _
Main Eﬂ@ R © Self-lifting 016020 Width 10) 118186
terminal screw
5255
S-N20
S-N21 T:‘T PR —
-~ D] |mas «s
Auxiliary - ‘ -lifti 21.2-021.6 1-25 0.94 — 1.51
coi TTE] e | Selfifting 1-25 (Width 7.8) 941
Auxiliary |5.2 |14.5 termlnal screw
Coil 3.815.1
m o) (1.6 - 33.6)
o o 21.6 - 23.
; - oA M5 x 14 screw 1-16
S-N25 Main Laﬁj J - . (2-16) . 2.06 - 3.33
SN25 < 3 with SW-PW o1, #2] (Width 13)
S—N38 55 65
S-N48 " M3.5 x 8
Auxlary | same as S-N20 and N21 | Self-lifting o120l Wit 7.8) 0.94 - 151
terminal screw ) )
. M6 x 12 screw (2 -25) 2-25
Main with SW-PW [+1] (Width 16.5) 3.53-5.78
S-N50
S-N65 T — M4 x 10
- o o S x i} _
Auxiliary {[@ﬂ LALI®] | seriting 01.2- 016 1-25 118 - 186
coll | . 1-25 (Width 8.5)
oz s |terminal screw
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Terminal screw

Applicable

Applicable

Terminal screw

I:I::‘eel Location Dlmer:(selrc:;;round size [mm] conductor size tﬁ{mg'?;;:? tightening
and type [e mm, mm?] | mayx. widthin () | toraue [N-m]
@T_"
. 2 3 .@ M6 x 12 screw (2-138) 2-60
Main e e B e . ] 3.563-5.78
S-N80 % with SW-PW [+1] (Width 22)
S-N95
Awdliary | g2 oo s NS0 and NG5 | Selfift 01.2-016 1-25 1.18 - 1.86
coil eli-ling 1-25 (Width 8.5) : :
terminal screw
B i (10
. 2 & % M8 x 20 bolt 6-70
Main =5 = | with sw-Pw - (Width 22) 6.28-10.29
S-N125 0.1
. M4 x 10
Auxiliary o 21.2-021.6 1-25
coil Same as S-N50 and N65 Self—]lftlng 1-25 (Width 8.5) 1.18-1.86
terminal screw
{ E‘@T; O
- A i M8 x 20 bolt _ ) ~
Main = with SW-PW 6-95 6.28 — 10.29
S-N150 1015 |
- M4 x 10
Auxiliary P 21.2-021.6 1-25
coil Same as S-N50 and N65 Self—_llftmg 1-25 (Width 8.5) 1.18-1.86
terminal screw
8 2 8 |
i IEE H,,J @ M10 x 25 bolt . B ~
N80 Main == | = with SW-PW 10-120 11.8-19.1
S-N220 ‘Eﬁﬂj
. M4 x 10
Auxiliary o 21.2-021.6 1-25
coil Same as S-N50 and N65 Self—]lftlng 1-25 (Width 8.5) 1.18-1.86
terminal screw
Fiien
[=3 N Q)
Main ” ! \'x'lzrf SXV\"/’_OPt\;\‘/’” — 25- 240 19.6-31.3
S-N300
S-N400 15228
. M4 x 10
Auxiliary o 21.2-021.6 1-25
coil Same as S-N50 and N65 Self—]lftlng 1-25 (Width 8.5) 1.18-1.86
terminal screw
T
5] . @
Main 7S S M0 ot — 70 - 325 62.8 - 98
S-N600 1
S-N800 L1628
. M4 x 10
Auxiliary o 21.2-021.6 1-25
coil Same as S-N50 and N65 | Self-lifting 1-25 (Width 8.5) 1.18-1.86

terminal screw
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(2) List of dimensions around terminals, screw sizes, applicable wires and fastening torque for

type TH-N thermal overload relays

. . Terminal screw Applicable Applicable Terminal screw
l::r:ZI Location Dlmer:::c:r:}i;round size [mm] conductor size tﬁ{mg‘i’;;:? tightening
and type [e mm, mm® | max. widthin () | toraue [N-m]
R —— | 3 :
. @ o L@ M3.5 x 8 B _
TH-N12 X'j)'('i‘”a L@ i EE; Self-lifting ‘2’11'2_ 2‘2’51'6 (V\;i dthzf’g) 0.94 - 1.51
2 (435 terminal screw ’ ’
_ S ——
S S M4 x 10.5 i ~
Main L EJ = TC: Self-lifting o1 ?_ 22'6 (W: dth610) 1.18 - 1.86
TH-N18 515, terminal screw
M3.5 x 8
Auxiliary Sameas TH-N12 | Selflifting ‘2’11'2_'2“’51 6 (V\;id‘tﬁf’ 8 0.94 — 1.51
terminal screw i )
g E?ﬁ\ o E(:j
P = |M4 x105
Main —___T¥ E@ Self-lifting ot ? :22'6 (w: dt‘h610) 1.18-1.86
i terminal screw
TH_N20 Load side 5.7
M3.5 x 8
Auxiliary Self-lifting o120l (VJid‘ﬁff ) 0.94 - 1.51
terminal screw : ’
Main M5 x 14 screw (”1(66_'1%3)'6) 6-16 9 06— 3.33
(Load side) with SW-PW o1, +2] (Width 13) : :
TH-N20TA Line side, same as '
TH-N20
M3.5 x 8
Auxiliary Same as TH-N20 | Selflifting ‘2’11'2_'2“’51 6 (V\;id‘tﬁf’ 8 0.94 — 1.51
terminal screw i )
To
; 2 S REC)) M6 x 12 screw (2 - 25) 2-25
Main == | with SW-PW [1] (Width 16.5) 3:93-5.78
TH-N60 -
= —
y el RE M4 > 10 - -
Auxiliary L 205 LS 0] I saiining e Widin 85) 118186
Eé-, terminal screw : ’
”LEE] ; '“2[ ®
Main 7.5/ 10 M6 x 12 screw (8-38) _ _
(Load side) with SW-PW [+1] 8-38 3.53-578
TH-N60TA Line side, same as
TH-N60
M4 x 10
Auxiliary Same as TH-N6O | Self-lfting 012010 (VJid‘ﬁff 5) 1.18-1.86
terminal screw i )
T 5 O]
: g SIS M8 x 20 bolt 10 - 38
Main =T |with SW-PW — (Width 25) 6.28-10.29
TH-N120 o
M4 x 10
Auxiliary Same as TH-N60 | Self-lifting o120l (V\;id‘tﬁf’ 8 118-1.86

terminal screw
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. . Terminal screw |  Applicable Applicable Terminal screw
Ir::‘eel Location Dlmerzzlrcr):;;round size [mm] conductor size tﬁ{mg‘?;;:)g tightening
and type [e mm, mm?] | max. widthin () | toraue [N-m]
of ol
e
Main Hois M8 x 20 bolt
(Load side) with SW-PW - 10-60 6.28-10.29
TH-N120TA Line side, same as
TH-N120
M4 x 10
- e 21.2-21.6 1-25
Auxiliary Same as TH-N60 Self—_llftmg 1-25 (Width 8.5) 1.18 -1.86
terminal screw
o T
Main ‘“IEE AN wi:r?sXV\?SPt\;\?lt — 10 - 150 11.8-19.1
TH-N220RH 125 20 )
TH-N220HZ <10
X
- e 21.2-21.6 1-25
Auxiliary Same as TH-N60 Self—]lftlng 1-25 (Width 8.5) 1.18 -1.86
terminal screw
T [7"0
. S‘La@ [ L”L ] M12 x 30 bolt _ _ _
Main P with SW-PW 25 -240 19.6 - 31.3
TH-N400RH Tass
e Auxilia Same as TH-N60 ,\S/I4If>l<'f:'O 012-01.6 1-25 1.18 - 1.86
ry eli-liting 1-25 (Width 8.5) : :
terminal screw
M4 x 10
- e 21.2-021.6 1-25
TH-N600 Auxiliary Same as TH-N60 Self—_llftmg 1-25 (Width 8.5) 1.18 -1.86
terminal screw

Notes 1. When connecting a wire with the insulation stripped to a terminal, use the attached wire clamper. In this case, the wire
sizes in the parentheses can be used.
e Type S-N25, N35 and TH-N20TA are equipped with terminal screws (self-lifting plus/minus screws) for retaining main

circuit wires. Type MS-N50 to N95 and TH-N60, N60TA are equipped with main circuit wire clampers.

2.

e Type MS, MSO, S-N125 to N800 are exclusive to crimp terminal wiring.

Connect wires as follows when using type MSO, S-N25CX or N35CX or TH-N20TA.
« Do not connect wire of 8 mm? or larger with wire of 2 mm? together. Use @1.6 wire instead of 2 mm>.
e Only one wire of 16 mm? can be connected. In this case, divide the conductor to connect the wire on both sides of

the screw.
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4. Minimum Gaps for Installation of Type MSO-N Magnetic Motor

Starters

NOUONONUNNNNNNNANANNANN

Minimum gaps

AN ITIRITNNNTNYNNANN

LLLLLL LS L LSS

B

C

/

S

mm

Model name A B C
MSO-N10 5 5 15
MSO-N11, N12 5 5 15
MSO-N18 5 5 15
MSO-N20, N21 5 5 15
MSO-N25, N35 5 5 15
MSO-N50, N65 5 10 25
MSO-N80, N95 10 10 25
MSO-N125 10 12 25
MSO-N150 10 12 30
MSO-N180, N220 10 12 50
MSO-N300, N400 10 12 90
S-N600, N800 (Note) 10 15 90

Note: Indicates gaps for magnetic contactors.

manufacturer.
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1. MS-N Series Magnetic Motor Starters conformed with Overseas and

Marine Vessel Standards

As shown in the table below, the MS-N series magnetic motor starters are conformed with the overseas
and marine vessel standards.

Standard| Nation Standard No. Year Title MS-N series compliance
Domestic Japan JEM1038 1990 [Magnetic contactors Conformed with JEM and JIS.
standards P JIS C8325 1983 |AC magnetic motor starters
U.S.A. |UL508 1993 [Industrial Control Equipment  |Approved UL standard.
CSA C22.2 1995 [Industrial Control Equipment  |Approved to Canada CSA
Canada No.14-95 Industrial Products standard.
Low voltage CE marking on the products.
directives (CE mark) As products can be exported
73/23/EEC 1973 |Low Voltage Directive g'.reCt to EF"Opea i EN
. . N ince conformed wi
93/68/EEC/Article13 | 1993 |Amending Directive 73/23/EEC standard and certified TUV, the
Product standard MS-N series can be installed on
Europe  |EN60947-4-1 1992 |Specification for Low-voltage ~|machine tools, control
switchgear and controlgear equipment, etc. to Europe.
Overseas Part4 contactors and motor-
safety starters
standards Section 1. Electromechanical
contactors and motor-starters
IEC60947-4-1 1990 [Low-voltage switchgear and Though applicable standards
controlgear differ from one country to
Part 4: Contactors and motor- |@nother, their standards are
starters principally based on IEC
Miscel- Section One-Electromechanical SBt:;gzlrld'a licable as the
laneous contactors and motor-starters y app
MS-N series are conformed
with IEC standards. Need to
be conformed with each
individual standard, as
necessary.
NK (Japan) 1997 [Steel Vessel Code, Division H Approved NK for applications to
steel vessels.
. Approved KR for applications to
Marine KR (Korea) 1995 |KR Rule Part6 steel vessels.
vessel A d BV for applications t
standards BV (France) 1996 |BV Rule Part II pprove or applications to

steel vessels.

LR (U.K.)

1996

LR Type Approval System, Test
Specification No.1

Approved LR for applications to
steel vessels.
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2. MS-N Series Conformity to International Standards

Europe North America / UL Marine

Listing Recognition Japan U.K. France | Korea

pe Model CE Mark | TOV C @ Us C“ us

name RV
C E é US.A. | Canada | U.S.A. | Canada O
TOV Rheinland ® Nippon Lloy's Bureau | Korean
G “ GNUS Kaiji Register | Veritas | Register
Kyokai of of

Shipping Shipping

1.
)
%
S0

S-N10 (CX)
S-N11 (CX)/N12 (CX)
S-N18 (CX)
(
(

S-N20 (CX)/N21 (CX) ° ° o O o O
S-N25 (CX) ) °
S-N35 (CX) [*2] (@) mark) | (:@)mark)
S-N28 (CX) —
S-N38 (CX) B
S-N48 (CX)
AC S50
operated S-NG5 o
magnetic
contactor S-N80
S-N95

S-N125
S-N150
S-N180 * O O
S-N220
S-N300
S-N400
S-N600
S-N800 *
TH-N12 (CX) KP 0
TH-N18 (CX) KP (2]
Thermal |[TH-20 (TA) (CX) KP

overload [TH-N60 (TA) KP © * * © © - O O -
relay TH-N120 (TA) KP

TH-N220RHKP/HZKP O
TH-N400RHKP/HZKP
SD-N11 (CX)IN12 (CX) ° ° °
SD-N21 (CX) © ©
SD-N35 (CX) [*2] (@ rard | @marty
SD-N50
SD-N65
DC SD-N80
operated |SD-N95
magnetic [SD-N125 © ) * © © © © N
contactor |SD-N150
SD-N220
SD-N300
SD-N400
SD-N600
SD-N800 B " _ B B
AC
SR-N4 (CX) )
operated [ J ©
SR-N5 (CX) © @] © - O O -
contactor | SR g (Cx) (2] (@) mark) | @Dmark)
relay
DC
SRD-N4 (CX) )
operated [ J ©
SRD-N5 (CX) @ @] © - O O -
f;r;;actor SRD-N8 (CX) [+2] (@) mark) | c@)mari
- UN-AX2 (CX)
Add.'l?'°”a' UN-AX4 (CX) g © © (@@:)nark) @
auxiliary - AT (CX) © (2] e Qmark)| - _ O ) -
contact UN-AX80
block = _ _ _
UN-AX150 © o

Notes: 1. © : CE Mark (Manufacturer's Deceleration) = Standard model is applicable, marking on the product.
UL= Standard model is applicable, marking on the product.
NK= Standard model is applicable, certificate No. on the product.
@ : Standard model is applicable, no marking on the product. If marking required, order model name followed by suffix
"z
O : Standard model is applicable, no marking on the product.
s . Special model is applicable, marking on the product. Order model name followed by suffix "UL"
— : Not applicable to the standard or not approved.
2. Finger protection type is certified according to DIN VDE 0106 part 100.
For finger protection type, order model name followed by suffix "CX"
3. For each certificate conditions, see next twelve pages.
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3. MS-N Series Magnetic Motor Starters Approved UL and CSA
Standards

e UL standard

The UL is a U.S.A. organization that establishes the safety standard called "UL" and conducts
certified tests on safety according to the UL standards. The organization issues products that
have passed the certified tests and allows them to marking the certification marks.

The UL certification marks are widely recognized and accepted in U.S.A. Some states and cities
even make it an obligation to be qualified to the UL standard. Thus, the UL qualification is
necessary to devices, control panels, equipment and other similar products exported to U.S.A.

The MS-N series have obtained the UL parts certification (recognition) or the UL product
certification (listing) according to control device UL standard (UL508). They can be installed for
use in control panels, equipment and other similar products exported to U.S.A.

“ . UL parts certification (recognition)

This is called "recognition" and is applicable to products that are intended to be installed in
other devices or equipment. The products approved "recognition” can be installed in
control panels, machine tools, control equipment and other similar products.

: UL product certification (listing)

This is called "listing" and is applicable to products that can be sold directly to end users
for their use. These products can also be installed in control panels, machine tools,
control equipment and other similar products.

e CSA standard

The CSA standard is the product safety standard established by the CSA (Canadian Standard
Association). In Canada, state laws define the safety for electrical products. Some state laws
obligate to be approved to the CSA standard. Thus, CSA certification is necessary to devices,
control panels, equipment and other similar products exported to Canada.

Since the MS-N series are approved to the CSA standard (control device standard CSA C22.2
NO.14) conducted by the testing organization UL, they can be installed for use in control panels,
equipment and similar products exported to Canada. The UL is recognized by SCC (Standard
Council of Canada) as a registered organization for testing, certification and quality audit.
Furthermore, products approved to the CSA standard by the UL are recognized by the safety rules
in all the Canadian states.

c“ : Recognition on products for Canada
Parts certification to the CSA standard conducted by the testing organization UL.

c : Listing on products for Canada

Product certification to the UL / CSA standards conducted by the testing organization UL.

e The following certification marks are allowed to products approved to both UL and CSA
standards. (Marks respective to U.S.A. and Canada are recognized as practiced presently.)

c“us : Recognition for parts to both U.S.A. and Canada
Parts certification to the UL/CSA standards by the testing organization UL.

c@“s : Listing for products to both U.S.A. and Canada
Product certification to the UL/CSA standards by testing organization UL.

The following table lists the MS-N series models approved to the UL/CSA standards.
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MS-N series models approved to the UL/CSA standards

3.1 AC operated magnetic motor starters, magnetic contactor and terminal

overload relay

(1) Parts certificatio
File No. E58968

n

File No. E58968

File No. E58969

Magnetic contactor

Magnetic motor starter

Thermal overload relays to be coupled

Mark Model Appli- Mark Model name Appli- Mark Model name | APPIi-
name cability cability cability
SN10(CX)| © MSO-N10(CX)KP [®)
SN11(CX)| © . [MSO-N11(CX)KP 0 .| THN12CX)KP ¢}
1 SN12(CX) | © N MSO-N12(CX)KP o) “
cus sn20cx| o | © US somN20(cxKkP o |° us THNZOCXKP | O
SN21(CX)| © (+2) MSO-N21(CX)KP [®) (*2)
) sN5(cx)| © MSO-N25(CX)KP o) THN20TACX) |
S-N35 (CX) © MSO-N35(CX)KP ®) KP
S-N50 [®) MSO-N50KP e
S-N65 [®) MSO-N65KP ¢ TH-NGOKP ©
S-N80 0 MSO-N8OKP e
S-N95 [®) MSO-N95KP [®) TH-NGO(TAKP O
°  [SN125 0 “ MSO-N125KP e “
G“US S-N150 O (H US [Mso-N150KkP o |G us | TH-N120(TAKP ©
S-N180 [®) MSO-N180KP e
S-N220 [®) MSO-N220KP ¢ TH-N220RHKP ©
S-N300 0 MSO-N300KP e
S-N400 [®) MSO-N400KP ¢ TH-NA00RHKP ©
O : Standard model is applicable

© : Standard model is applicable Listing for products.

Notes: 1. Marked on the product is @ and c@-
2. Marked on the product is N and (:N

(2) Product certifica

File No. E58968

tion

File No. E58968

Also applicable Recognition for parts.

File No. E58969

Magnetic contactor Magnetic motor starter Thermal relay to be coupled
Mark Model Appli- Mark Model name Appli- Mark Model name | APPIi-
name cability cability cability
S-N10 (CX) O MSO-N10(CX)KPUL w ™
Sl e oo, | =
¢ us S-N20 (CX) O ¢ us MSO-N20(CX)KPUL RAS ¢ us TH- *
S-N21 (CX) O MSO-N21(CX)KPUL * N20(CX)KPUL
) sN5cCx) | O (1) [MSO-N25(CX)KPUL| * *) [FRN20TAYCX) N
S-N35 (CX) O MSO-N35(CX)KPUL w KPUL
S-N50UL RAS MSO-N50KPUL RS
S-N65UL w MSO-N65KPUL * TH-NGOKPUL *
S-N8OUL RAS MSO-N8OKPUL * TH- *
S-N95UL b e MSO-N95KPUL * N60(TA)KPUL
S-N125UL RAS MSO-N125KPUL * TH- *
c US [s-N150UL * |G US [MSO-N150KPUL * |C US | N120(TA)KPUL
S-N180UL RAS MSO-N180KPUL * TH- *
S-N220UL w MSO-N220KPUL bAe N220RHKPUL
S-N300UL RAS MSO-N300KPUL * TH- *
S-N400UL b e MSO-N400KPUL * N400RHKPUL
O : Standard model is applicable. : Special model is applicable (N50 to N400: main circuit with solderless terminal)

Note: 1. Marked on the product is @and @
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3.2 DC operated magnetic contactor

File No. E58968

Mark Model name Applicability

SD-N11 (CX)

(:US SD-N12 (CX)

1) SD-N21 (CX)

SD-N35 (CX)
SD-N50
SD-N65
SD-N80
. SD-N95
A -\ SD-N125
SD-N150
SD-N220
SD-N300
SD-N400

O : Standard model is applicable.
© : Standard model is applicable Listing for products. Also applicable Recognition for parts.

Notes: 1. Marked on the product is @ and (Up).

2. N125 to N400 coupled thermal overload relay (model name MSOD-NO(KP)) are not
applicable.

— | |~ |~

O|0|0|0|0|0|0|0|0|0|©|©|©

3.3 Mechanically latched contactor (AC operated and DC operated)

File No. E58968
Mark Model name Applicability

c“us SL (D) — N21 (CX) UR Yo

(1) SL (D) — N35 (CX) UR
SL (D) — N50 (CX) UR
SL (D) — N65 (CX) UR
SL (D) — N80 (CX) UR
SL (D) — N95 (CX) UR
SL (
SL (
SL (
SL (

G“@ us

D) — N125 (CX) UR

D) - N150 CX) UR

D) — N220 (CX) UR

D) —N330 (CX) UR
SL (D) — N400 (CX) UR
Y% : Special model is applicable.

Note: 1: Marked on the productis Y and c“

Rl R bl Dl Dl Dl Dl Dl B
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3.4 Contactor relay (AC operated and DC operated)

File No. E58969
Mark Model name Applicability
SR (D) — N4 (CX) o
4NO, 3NO+1NC, 2NO+2NC
cus SR (D) - N5 (CX) o

; 5NO, 4NO+1NC, 3NO+2NC, 2NO+3NC
1) SR (D) — N8 (CX)
8NO, 7NO+1NC, 6NO+2NC, 5NO+3NC

O : Standard model is applicable Listing for products. Also applicable Recognition for parts.

Note: 1. Marked on the product is @and ()-

©)

3.5 Additional auxiliary contact block

File No. E58969 (AX2 to AX11), E58968 (AX80/AX150)

Mark Model name Applicability
UN-AX2  2NO, 1NO+1NC, 2NC @)
cus UN-AX4  4NO, 3NO+1NC, 2NO+2NC @)
(+1) UN-AX11  1NO+INC ©
N@ UN-AX80  1NO+1INC @)
UN-AX150 1NO+1NC @)

O : Standard model is applicable.
© : Standard model is applicable Listing for products. Also applicable Recognition for parts.

Note: 1. Marked on the product is @and (-

3.6 Mechanical interlock

File No. E58969 (ML11/ML21), E58968 (ML80 to ML220)

Mark Model name Applicability
UN-ML11 (CX) O
. UN-ML21 O
L\ UN-ML80 o
UN-ML150 O
UN-ML220 O

O : Standard model is applicable.
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3.7 Surge absorber

File No. E58969

Mark Model name Applicability
o UN-SA21 O
CN us UN-SA23 O
(+1) UN-SA25 o)
° UN-SA721 O
GNUS UN-SA725 @)

O : Standard model is applicable.

Note: 1. Marked on the productis Y} and (S}
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4. Compliance of MS-N Series Magnetic Motor Starters with Low

Voltage Directives
c e Tﬂéeinl;nd

Since January 1997, the low voltage directives have been enforced, which is one of the European
directives.

Low voltage directives : 73/23/EEC (original issue)
93/68/EEC (revised issue)

Applicable types : Equipment operated on 50 to 1000 VAC / 75 to 1500 VDC.

4.1 Outline of low voltage directives

The above types exported as single products to European countries are subject to the low voltage
directives. Thus, they need to be CE marking.

4.2 Compliance of magnetic motor starters with low voltage directives

(1) Magnetic motor starter used as a component

The motor starters need to be CE marking when they are exported direct to the EU countries.
They do not need to be CE marking if machine tools, control equipment and other similar products
are installed. When machine tools, control equipment and other similar products are CE marking,
it is recommended that the magnetic motor starters with the third party qualification (TUV) as
described in (3) be used.

(2) Magnetic motor starters to be exported direct

When the magnetic motor starters are exported direct to the EU countries, they are subject to the
low voltage directives. The applicable low voltage is "module A" that is to be self-declared
basically. The applicable product standards are as follows:

EN60947-1 : Standard for control devices in general
EN60947-4-1: Standard for magnetic motor starters
EN60947-5-1: Standard for contactor relays

As shown in Table 1, the standard models of the MS-N series magnetic motor starters are
applicable the low voltage directives.

(3) Third party qualification (TUV) certified type

When machine tools, control equipment and other similar products are CE marking recommended
to use the third party qualification (TUV) certified type. The MS-N series magnetic motor starters
have obtained the TUV certificate as shown in Tables 2.1 to 2.4. However, since the models listed
in Tables 2.1 to 2.4 are with no TUV mark on the product, order model name followed by suffix “DZ”
if TUV mark on the product is required.

4.3 Miscellaneous

(1) Compliance of magnetic motor starters with EMC directives

Since the MS-N series magnetic motor starters do not integrate electronics circuits, they are not
subject to the EMC directives. (Since the electromagnets of S-N50 to S-N800 are simple rectifier
circuits, they are not subject to the EMC directives.)
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(2) Compliance of magnetic motor starters with mechanical directives:

The MS-N series magnetic motor starters are components intended for use in machine tools,
control equipment and other similar products, they are not subject to the mechanical directives.
When machine tools, control equipment and other similar products are CE marking, magnetic
motor starters installed them are recommended to use the third party qualification (TUV) certified
type. The MS-N series magnetic motor starters have obtained the TUV certificate as shown in
Tables 2.1 to 2.4. However, since the models listed in Tables 2.1 to 2.4 are with no TUV mark on
the product, order model name followed by suffix “DZ” if TUV mark on the product is required.

Table 1 List of CE marked type and location of CE marking

|

Type

Model name

Location of
marking

Magnetic contactor
(AC operated)

S-(2x) N10 (CX) (SA), S-(2x) N11 (CX) (SA), S-N12 (CX) (SA),
S-(2x) N18 (CX) (SA), S-(2x) N20 (CX) (SA), S-(2x) N12 (CX) (SA),
S-(2x) N25 (CX) (SA), S-(2x) N35 (CX) (SA), S-(2x) N28 (CX) (SA),
S-(2x) N38 (CX) (SA), S-(2x) N48 (CX) (SA), S-(2x) N50, S-(2x) N65,
S-(2x) N80, S-(2x) N95, S-(2x) N125, S-(2x) N150, S-(2x) N180,
S-(2x) N220, S-(2x) N300, S-(2x) N400, S-(2x) N600, S-(2x) N800,

Magnetic motor
starter
(AC operated)

MSO-(2x) N10 (CX) KP (SA), MSO-(2x) N11 (CX) KP (SA),
MSO N12 (CX) KP (SA), MSO-(2x) N18 (CX) KP (SA),

MSO-(2x) N20 (CX) KP (SA), MSO-(2x) N21 (CX) KP (SA),

MSO-(2x) N25 (CX) KP (SA), MSO-(2x) N35 (CX) KP (SA),

MSO-(2x) N5OKP, MSO-(2x) N65KP, MSO-(2x) N8OKP, MSO-(2x) N95KP,
MSO-(2x) N125KP, MSO-(2x) N150KP, MSO-(2x) N180KP,

MSO-(2x) N220KP, MSO-(2x) N300KP, MSO-(2x) N40OKP,

Thermal overload
relay

TH-N12 (CX) KP, TH-N18 (CX) KP, TH-N20 (CX) KP, TH-N20TA (CX) KP,
TH-NGOKP, TH-NBOTAKP, TH-N120KP, TH-N120TAKP, TH-N220RHKP,
TH-N220HZKP, TH-N40ORHKP, TH-N400HZKP, TH-N600KP

Contactor relay
(AC operated)

SR-N4 (CX) (SA), SR-N5 (CX) (SA), SR-N8 (CX) (SA)

Additional auxiliary
contact block

UN-AX2 (CX), UN-AX4 (CX), UN-AX11 (CX), UN-AX80, UN-AX150

Magnetic contactor
(DC operated)

SD-(2x) N11 (CX) (SA), SD-N12 (CX) (SA), SD-(2x) N21 (CX) (SA),
SD-(2x) N35 (CX) (SA), SD-(2x) N50, SD-(2x) N65, SD-(2x) N80,
SD-(2x) N95, SD-(2x) N125, SD-(2x) N150, SD-(2x) N220,

SD-(2x) N300, SD-(2x) N400, SD-(2x) N600, SD-(2x) N800

Magnetic motor
starter
(DC operated)

MSOD-(2x) N11 (CX) KP (SA), MSOD-N12 (CX) KP (SA),
MSOD-(2x) N21 (CX) KP (SA), MSOD-(2x) N35 (CX) KP (SA),
MSOD-(2x) N50KP, MSOD-(2x) N65KP, MSOD-(2x) NSOKP,
MSOD-(2x) N95KP, MSOD-(2x) N125KP, MSOD-(2x) N150KP,
MSOD-(2x) N220KP, MSOD-(2x) N300KP, MSOD-(2x) N40OKP

L~~~

Contactor relay
(DC operated)

SRD-N4 (CX) (SA), SRD-N5 (CX) (SA), SRD-N8 (CX) (SA)

Marking on

the product

name plate
(*2).

Notes: 1.

designation for order are the same as those of the standard models.
2. UN-AX80 and UN-AX150 are CE marking on individual packages as they are not provided with name

plates.
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List of TUV Certified Type

Table 2.1

Magnetic contactor

JAN

TUV Rheinland

Model name Applicable standard IEC standard Registration No.

S-N10 (CX) (SA)

S-N11 (CX) (SA) ENG0947-4-1 IEC60947-4-1 R9551340
S-N12 (CX) (SA)

S Na Egi; gﬁg EN60947-4-1 IEC60947-4-1 R9551336
e Egi; gﬁg EN60947-4-1 IEC60947-4-1 R9651190
S-N18 (CX) (SA)

SNy Egi; Egﬁg ENG0947-4-1 IEC60947-4-1 R9650694
S-N48 (CX) (SA)

S-N50/S-N65 EN60947-4-1 IEC60947-4-1 R9851170
S-N80/S-N95 EN60947-4-1 IEC60947-4-1 R9851138
S-N125 EN60947-4-1 IEC60947-4-1 R9851169
S-N150 EN60947-4-1 IEC60947-4-1 R9851167
S-N180/S-N220 EN60947-4-1 IEC60947-4-1 R9851164
S-N300/S-N400 EN60947-4-1 IEC60947-4-1 R9851171
SD-NT1 (CX) (SA)

SD-N12 (OX) (SA) EN60947-4-1 IEC60947-4-1 R9551340
SD-N21 (CX) (SA) ENG0947-4-1 IEC60947-4-1 R9551336
SD-N35 (CX) (SA) ENG0947-4-1 IEC60947-4-1 R9651190
SD-N50/SD-N65 EN60947-4-1 IEC60947-4-1 R9851170
SD-N80/SD-N95 EN60947-4-1 IEC60947-4-1 R9851138
SD-N125 EN60947-4-1 IEC60947-4-1 R9851169
SD-N150 EN60947-4-1 IEC60947-4-1 R9851167
SD-N220 EN60947-4-1 IEC60947-4-1 R9851164
SD-N300/SD-N400 EN60947-4-1 IEC60947-4-1 R9851171

Notes: 1.

Auxiliary contacts
Operation coil
N50 - N150

N180 - N400
DC operated

Standard models are applicable under following conditions.
Main circuits (main contacts)

continuous current.

continuous current

: Coil designation
N10 - N35, N18 - N48

: AC12V - AC380V
1 AC24V - AC400V
: AC48V - AC400V
: DC12V - DC220V

: AC-3 rated current at 440VAC max. and rated

: AC-15 rated current at 550VAC max. and rated

2. Standard models are with no TUV mark on the product. Order model name followed by suffix
“DX” if TUV mark on the product is required.

3. Finger protection type (model name followed by “CX”) is certified according to DIN VDE 0106 part

100.

4. Models with built-in surge absorber (model name followed by “SA”) are also certified.
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Table 2.2 Thermal overload relay

JAN

TUV Rheinland

Model name Applicable standard IEC standard Registration No.
TH-N12 (CX) KP EN60947-4-1 IEC60947-4-1 J9551338
TH-N18 (CX) KP EN60947-4-1 IEC60947-4-1 J9551338
TH-N20 (TA) (CX) KP EN60947-4-1 IEC60947-4-1 J9551341
TH-N60 (TA) KP EN60947-4-1 IEC60947-4-1 J9851140
TH-N120 (TA) KP EN60947-4-1 IEC60947-4-1 J9851168
TH-N220RHKP/HZKP EN60947-4-1 IEC60947-4-1 J9851166
TH-N400RHKP/HZKP EN60947-4-1 IEC60947-4-1 J9851172

Table 2.3 Contactor relay

L

TUV Rheinland

Model name

Applicable standard

IEC standard

Registration No.

SR-N4 (CX) (SA)

SR-N5 (CX) (SA) EN60947-5-1 IEC60947-5-1 R9551339
SR-N8 (CX) (SA)

SRD-N4 (CX) (SA)

SRD-N5 (CX) (SA) EN60947-5-1 IEC60947-5-1 R9551339

SRD-N8 (CX) (SA)

Table 2.4 Additional auxiliary contact block

JAN

TUV Rheinland

Model name Applicable standard IEC standard Registration No.
UN-AX2 (CX)
UN-AX4 (CX) EN60947-5-1 IEC60947-5-1 J9551337
UN-AX11 (CX)
UN-AX80
UN-AX150 EN60947-5-1 IEC60947-5-1 R9851225

Notes: 1. Standard models are applicable under following conditions.

Auxiliary contacts

Operation coil

N10 - N35, N18 - N48

DC operated

: AC-15 rated current at 550VAC max. and rated
continuous current

: Coil designation

1 AC12V - AC380V

: DC12V - DC220V

2. Standard models are with no TOV mark on the product. For contactor relay, order model name
followed by suffix “DX” if TUV mark on the product is required.

3. Finger protection type (model name followed by “CX”) is certified according to DIN VDE 0106 part

100.

4. Models with built-in surge absorber (model name followed by “SA”) are also certified.
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5. MS-N Series Magnetic Motor Starters Approved to Marine
Standards

5.1 Nippon Kaiji Kyokai (NK)

Magnetic contactor and mechanically latched contactor
(AC operated and DC operated)

Model name Certification Note Model name Certification Note

AC operated | DC operated No. AC operated | DC operated No.
SL-N21 (CX) |SLD-N21
S-N10 (CX) - 94T415 NK (CX) NK 95T401
) i SL-N35 (CX) | SLD-N35
S-N11 (CX) |SD-N11 (CX) 94T416 NK (CX) NK 96T401
S-N12 (CX) [SD-N12 (CX) 94T417 SL-N50NK SLD-N50NK 98T413
S-N18
(CX) (SA) - 95T404 SL-N65NK SLD-N65NK 98T414
$-N20 (CX) - 947418 SL-N8ONK [ SLD-N8ONK 98T415 | AC-3 rated
S-N21 (CX) [SD-N21 (CX) 94T419 SL-N95NK SLD-N95NK 98T416 current at
S-N25 440VAC max.
_ - 95T402 SL-N125NK | SLD-N125NK 98T417 and rated
(CX) (SA) .
continuous
S-N35 SD-N35 AC:95T403 | AC-3 rated SL-N150NK | SLD-N150NK 98T418 current.
(CX) (SA) (CX) (SA) DC:96T401 |current at SL-N220NK | SLD-N220NK 98T419
S-N38 440VAC max.
C-)X SA - 96T402 and rated SL-N300NK | SLD-N300NK 98T420
(CX) (SA) continuous
(S‘C'g\‘(;‘?s ) _ 96T403 |current SL-N4OONK |SLD-N40ONK |  98T421
Standard
S-N50 SD-N50 98T403 models can be | SL-NBOONK | SLD-N60ONK 85T408
S-N65 SD-N65 98T404 applied. SL-N80OONK | SLD-N80ONK 85T409
S-N80 SD-N80 98T405
S-N95 SD-N95 98T406
S-N125 SD-N125 98T407
S-N150 SD-N150 98T408 Note: 1. Operc?tion coil c
AC operated : 440VAC max.

S-N180 — 98T409 DC operated : 220VDC max.
S-N220 SD-N220 98T410
S-N300 SD-N300 98T411
S-N400 SD-N400 98T412
S-N600 SD-N600 85T406
S-N800 SD-N800 85T407
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5.2 Korean Register of Shipping (KR)

Magnetic contactor (AC operated)

KOB02571-EL028

Model name Certificate No. Note Model name Certificate No. Note
S-N10 (CX) KOB02571-EL020 S-N80
S-N11 (CX) KOB02571-EL021 S-N95 AC.3 rated current at
S-N12 (CX) KoBo2571-EL022 |\ o [SN125 440VAC max. and
S-N18 (CX) (SA) | KOB02571-EL027 | 440VAC max. and | S-N150 {OB02571-EL028 ztﬁgnct?ntmuous
S-N20 (CX) KOB02571-EL023 |rated continuous [ S-N180
S-N21 (CX) KOB02571-EL024 | Curent: S-N220 Standard models can
S-N25 (CX) (SA) | KOB02571-EL025 |Standard models  [s.N300 be applied.
S-N35 (CX) (SA) | KOB02571-ELoze | °2" be applied. S-N400

5.3 Lloyd's Register of Shipping (LR)
Bureau Veritas (BV)

(1) Magnetic contactor (AC operated and DC operated)

(2) Contactor relay (AC operated and DC operated)

Model name LR BV Model name LR BV
AC operated Certificate | Certificate Note AC operated Certificate Certificate Note
P No. No. p No. No.

S-N10 (CX) SD-N11 (CX)

S-N11 (CX) SD-N12 (CX) | 96/10035 263/6987

S-N12 (CX) 95/10008 263/6139 SD-N21 (CX)

S-N20 (CX) SD-N35 (CX) | 96/10034 263/6988

S-N21 (CX) SD-N50 AC-3 rat?d
current a

S-N25 (CX) SD-N65 550VAC max.

S-N35 (CX) 96/10034 263/6988 SD-N80 and rated

S-N18 (CX) SD-N95 23[‘%?#0“

S-N28 (CX) PC-3 rated SD-N125 '

S-N50 550VAC max. and | SD-N150 96/10016 | 26310790 itggglasr‘c‘an be

rated continuous .

S-N65 current. SD-N220 app“ed.

S-N80 SD-N300

S-N95 Standard mpdels SD-N400

can be applied.
S-N125 SD-N600
S-N150 SD-N800
98/10016 | 26341/07905

S-N180

S-N220

S-N300

S-N400

S-N600

S-N800

Model name Contact LR certificate No. BV certificate No. Note
AC operated | DC operated | arrangement | AC operated | DC operated | AC operated | DC operated
4NO, 3NO+1NC, AC-15 rated
SR-N4 (CX) [SRD-N4 (CX
(CX) (CX) | 2noione current at
5NO, 4NO+1NC, 550VAC max.
SR-N5 (CX) | SRD-N5 (CX) [3NO+2NC, and rated
2NO+3NC 95/10010 96/10035 2634/6139 2634/6987 | continuous
8NO, 7NO+1NC, current.
BNO+2NC Standard
SR-N8 (CX) [SRD-N8 (CX) SNO*3NG, models can be
ANO+4NC applied.
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(3) Thermal overload relays

LR BV
Model name Heater designation certificate | certificate Note
No. No.
0.24A, 0.35A, 0.5A, 0.7A, 0.9A, 1.3A, 1.7A, 2.1A,
TH-N12 (CX) (TP/KP) 2.5A, 3.6A. 5A, 6.6A, 9A, 11A 95/10009 | 2634/6139
TH-N18 (CX) (KP) 1.3A, 1.7A, 2.1A, 2.5A, 3.6A, 5A, 6.6A, 9A, 11A, 15A | 96/10033 | 2634/6988
0.24A, 0.35A, 0.5A, 0.7A, 0.9A, 1.3A, 1.7A, 2.1A,
TH-N20 (CX) (KP) 2.5A. 3.6A. 5A. 6.6A. 9A, 11A. 15A. 19A 95/10009 | 2634/6139
TH-N20TA (CX) (KP) 22A, 29A, 35A 96/10033 | 2634/6988 | 550V max.
TH-N60 (KP) 15A, 22A, 29A, 35A, 42A, 54A Standard
TH-N60TA (KP) 67A, 82A modgls can be
TH-N120 (KP) 42, 54A, 67A, 82A applied.
TH-N120TA (KP) 105A, 125A 98/10017 | 26341/07905
TH-N220RH (KP)/HZ (KP) | 82A, 105A, 125A, 150A, 180A
TH-N400RH (KP)/HZ (KP) | 105A, 125A, 150A, 180A, 250A, 330A
TH-N600 (KP) 250A, 330A, 500A, 660A
(4) Additional auxiliary contact block
Model name Contact arrangement LR certificate No. BV certificate No. Note
UN-AX2 (CX) 2NO, 1INO+1NC, 2NC AC-15 rated
95/10010 2634/6139 current at
UN-AX4 (CX) 4NO,3NO+1NC, 550VAC max.
2NO+2NC
and rated
UN-AX11 (CX) 1NO+1NC continuous
UN-AX80 1NO+1NC current.
UN-AX150 INO+1NC 98/10016 26341/07905 Standard
models can be
UN-AX600 2NO+2NC applied.
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