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An On Load Tap-change Automatic Voltage Requlator
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Abstract

This thesis reports the development of an on-load
tap change automatic voltagé regulator. The 40 KVA three
phase prototype comsists of a 10 taps core type transformer,
magnetic switching cirecuits, power diverter circuit during
switching, electronies control circuits, and power protection

circuits.

Design philosophy, developments, alterations and
test results of the model are illustrated in details.
Final model inherits high performance features of high
efficiency, excellent accuracy and completly free from
fluctuation of power source., The model has already been

accepted for local industrial usage.
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CT contactors

Control circuit

L Auxiliary contacts
Control circuit

LC1 contactors CP1 conrtactors

pos | D12 | D16 | D25 | a0 | Des | cB | pB | EB
Rated voltage at Vn
Minimum/maximum rated values The contactor will function correctly at 85% of its nominal vottage and its coit will operate
indefimtely at 110% nominal voltage without damage.
\ *AC \ § 12 - 660 -
Frequency (1} Hz 50/60 =
* DC without economy resistor Vv - ; - 12 - 600
# AC rectitied/DC with economy resistor v - —
Average coil consumption
e AC inrush  50Hz[ VA 73-80 100 l 220 =
60 Hz! VA 73 - 80 100 | 220 —
Seaied 50Hz VA 8 9 22 —
G0Hz VA 8 2] 22 —_
® Heat dissipated Wartts 1.8-2.7 25-35 6-10 —_—
e DC without economy inrusn 14 23
resistor and sealed Warrs —
* AC rectified inrush VA —_— ==
Sealed Wartts — . —
® DC with economy Inrusn Watts — —
resistor Sealed Watts "~ =
Cos Bar sealed time constant GE}
® AC : R Cos 0 0.3 T 0.4 T 03 —
& DC without economy resistor T4 ;M T 60 | 80
® AC rectified/DC with economy resisior W . ~ — —
Average operating time at Vn
{in milliseconds) The operatingtime depends on the type af electromagnet fitted to the contactor and its method
of control.

The ciosing time is measured from the moment the control supply is switched on to the time that
contact is just made by the main poles.

s AC Closing ms 15.22 [ 18-25 i 14-21 | —
. Opening ms S50 fir 718 [ 6-16 —_
e DC without economy resistor . Closing ms — 72102 | 40-55
Opening ms —- 24-33 | 30/45 — 35/50
® AC rectified/DC with economy Ciosing ms : — —
resistor Opening| ms — | —

Note: The arcing time depends upon the circuit controlled by the poles. For 3 phase current, in all nc
ume of the contactor and the arcing time.

Mecnanical life {millions of operations)

e AC Millions | 20 —
® DC without economy resistor Milhions — 40 1 20
s AC rectified/DC with economyv resistor Millions | . — —

AUXHEBI’Y contacts. instantaneous and time delay

e AC (2] | Type instantaneous LA1-D, Time ceiay LA2, LA3-D tor LC1 | |nstantaneous ZC1-GR
[V — 48 1071271 220 [ 2380 [ — [ 500 — 48 [110/12Z7
Rated power 1 million operations VA — | 300 500 600 | 520 | — | 430 — 450 900
3 miihion operations VA — 160 300 330 | 300 — 260 — 140 300
10 million operations| VA — 70 100 110 | 100 —_ 80 — 55 100
Maximum makina/breaking capacitv | VA — |3000 7000 112000 | 15000 | —— 113000 | — 14000 8000
e DC (3) vV 24 48 110 220 — 1 430 T — 1 24 T a8 i1y
Rated power 1 million operauions Warts 120 90 75 68 — 61 | —— | 250 150 100
3 million operations Watts 70 50 38 33 — 28 — | 80 40 30
70 million operations|  Watts 25 18 14 12 — 10 — | — o —
Maximum makino/breakino capacity | Warrs 1000 700 400 260 — | 270 — | 2000 800 250

(1] For frequencies greater than those shown, up 10 approximately 400 Hz, use the rectified AC control.
(2) Circuit sucn as tne electromagnet of a conractor with:— inrush cos @ = 0.7, sealed cos 0 = 0.4.

If oceasional breaking of the inrush current is necessary, ensure that the inrush power does not exceed the maximum making/breaking capacity.

{3} Circuit such as electromagnet coils without an economy resistor; time constant varying from 20ms for 5W to 200ms for 1 00W or more.



For information on LC1-B
contactors not given on
pages 2/3U to 2/32 please
consult your local sales office.

CN1 contactors

pe | B | fc | Gc | HC | uc

CN2 contactors

rc | ec | HC

LC1-B contactors

BJ

| Bk | BL

CV3 contactors
mMB | PB

| mrB

Contorming to UTE

contact damage.

NFC 63110 tnese contactors make a clean closure when the voitage build-up is slow. This clean closure eliminates welding and

24—600 24—880 | 24—660 1 o
50/60 50/60 | 50/60 | 50/60
= - i = \ 24-600 j —
20/440 | 22/600 DC 12-600V — AC recritied 48340 OC 12-600V—-AC recuiieg 48-240 | DC 110-500 — AC rectified 110-380
80 128 380 ] 500 ] 810 | 980 | 380 | 500 | 810 ] —
100 180 455 | 600 | 996 | 1230 | 455 600 | 996 s
85 12.5 3|5 | 46 | 60 1 75 1 385 46 | B0 | —
g 16.5 a5 56 | 75 100 45 58 75 =
2.5 4 13.5 16.5 24 36 135 16.5 24 ==
— — T — - 80-105 =
— — 5507280 |280/370 JA50/600 1440/610 | 220/290 1280/370 1450/600 300 - 1100
S s 2 5/10.5] 0.5/151 13/23 | 15/20 | 7.5M10.51 9.5/15 | 13/23 5 .40
85 130 1170/250 |220/350 |320/480 1440/700 |170/250 |220/350 1320/480 250 - 950
55 4.7 10/ 25 | 10/30 | 11/23 | A6/24 | 10/25 | 10/30 | 11/22 5 - 40
i
03-035 [ 0.35 - 0.50 0.35-0.50 | —
— | — — I — 180 —
<5 | <5 5 1 | 10 10 10
The opening time is measured from the moment the coil supply is switgned off 10 the separauion of the main poles.
77.35 | 165.23 (40-85 | 30-80 | 30- :35|2A 401 20-851 30-80 [ 30-557 [ —
8-15 | 5-18 | 10-20 | -2 10 20 [ | —
— | — | — | 280 | —
— [ — — | —  80/100 | —
15-20 30 - 50 ] 40-60 30-50 | 100/150
8-12 10- 20 10-20 | Bresxing: AC 50/100 DC/AC rectified 20/40

cases, arcing time is less than 10ms. The load is isolated from the supply after a time egual 10 the sum of opening

20 10 1 .5 10 —

- == — 10

12 3 . 1 3 3

and ZC1-GP for CP1, CN1 CN2 |- instantaneous ZC4-GMfor CV1, CV3 | Time deiav 2C2-GG for CV1, CV3
220 | 280 | — | 5800 | — | 48 (1101271 220 280 | — 1 500 ¢ — | ag 11101271 220 380 | — 500
7900 131200 | — | 12001 — | 900 | 2200 | 4000 }4000 | — 14000 | — | 500 1200 11300 11300 — 1300
300 ' 300 | — | 300 | — 800 | 1300 | 1500 | 1500 — 1500 | — 1450 '! 700 | 750 750 — 750
110 | 110 | — | 110 — 450 500 500 | 500 == 500 | — 120 175 | 200 200 — | 200
8000 18000 | — | 8000 ! —— 5000 114000 123000 135000 135000 | —— 14000112000 17000 122000  — 125000
220 1 — | 440 | — | 24 48 110 | 270 | — | a0 | — | 24 | 48 110 | 220 | — 144D | —
70 | — 70 | — | 300 280 250 250 | — 230 — | 150 125 115 | 100 — 80 | -—
25 | — 25 | — 1115 105 a5 30 — EE — | — — — — — = —
— — | = | .45 40 25 <] -— 30 — | 45 37 32 20 — 9 —
200 — | 200 | — 15000 | 8000 | 1600 | 200 — [ 400 | — 1300 240 200 | 180 — 180 —
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Power circuit: poles

LC1 contactors CP1 and CN1 contactors
pos | p12 | D16 | D25 | D40 | D63 ce pe | EB
1. Current rating far open-type contactor
used on AC3 duty
A <] 12 16 25 40 63 A 12 25 50
Working conditions or certain standards 1
may reduce these values
2. Maximum rated supply frequency
e Normal use Hz 25 - 400 Hz Hz 25 - 400 Hz
® Restricted use Hz < 1,000 Hz Hz < 1,000 Hz
3. Rated voltage for 3 phase circuit such
as that of a motor stator
A contactor can be relied upon to break a Y \ 660 ¥ 500
circuit if the voltage 1s not greater than 110%
ot the rated voliage.

e Qur contactors can be used for higher voitages in certain cases, such as rotor circuits, (Please see relevant literature)

Various himiting factors depending upon the application and, 1n some cases, the avaiiability of spare parts are cerailed in the selection guide and in specir

4. Rated insulation IEC.158.1 IEC.158.1
voltage BS.775 R $ G - BS.775 BN
The rated insulation voltage is based UTE UTE
on the insulation distance, measured NFC 20040 | V 500 NFC 200404 500
according to standard specifications. Cateaary C Cateaory C
Since these specifications are not 3
the same for all standards a corir;f.t:m:;r""DE'm 10 v ¢ 660 VDE.0110 500
may have several insulation voitages. 97°YP c > 7 group C
T CSA
CSA
A 600 .2 600
C22.2 No. % No. 14

5. Making capacity r.m.s. current
The making capacity is independent of the A 250 450 1000 A 250 480 650
voitage. {1].
6. Breaking capacity r.m.s. current 3zgpv | A 250 450 | 1000 380V 250 480 650
This depends upon the effectiveness of
the arc snield in reducing the contactor’'s 500V | A 175 450 1000 500V 150 480 650
arcing current. it11s expressed 1n amps -
O e raog  neVOllage INCIENEs g5ov [ 85 120 | 180° | 400 {630 | 680V = - -
7. Overload currents 11 = 3min| A 35 55 105 | 125 |{t1=3mn| 35 55 110
Perrmussible current througn the — : = N
poles for a time 1", provicied no t2=1min| A ..B6 80 160 180 t2=1 min 50 80 150
current was passing up 1o the time
of overload for at least 4 x t1 t3=10s | A 105 156 J 320 350 13=10s 80 150 280
Occastonally currents 20% in excess
of tnese vaiues (or if the current is t4 = 5s A 140 200 430 440 14 = Bs 110 200 370
not zero prior to the overload) may
be carried without damage (2). t5 = 2s A 195 300 610 620 15 =25 182 280 500

16 = 1s A 250 400 800 800 6= 1s 200 360
8 . Impedance of the poles mQ 2.5 2 1.5 m 2:5 2 + 1.5
{1) The making and breakina capacities are given for the consiant r.m.s. {2) 1, during operation, there I1s a risk of currents greater than the
current left after the gecay of transients. The contacts can therefore . making and breaking capacity flowing through the potes, the

contactors must be protected against SNoOrt circuits by fuses or some
other safety device. The safety co-ordination ’S” (Stancard UTE
63810) is assured if, for voitages < 500V, The contactor ts associated
with an overioad reiay (with enurely thermal action), < maximum
AC3 duty current rating, and used with aM or gt fuses indicated

on the relay.

SUSTaIN an asymMEeTric current with a peak twice as large.



For information on LC1-B
contactors not given on pages
2/30 1o 2/32 please consulit
your local sales office.
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CN1 contactors CN2 contactors LC1-B contactors CV'3 contactors

FC GC HC Je FC GC HC BJ l BK I BL MB PB RB
A 80 125 200 260 BO 125 200 A 1000 1500 2000
Hz 25 - 400 Hz B0 Hz Hz 60 Hz
Hz < 1,000 Hz AC < 250 Hz Hz AC<250 Hz
v 500 660 v 100¢’
brochures dealing with Iiftiﬁg gear, induction heating etc.
1EC 158.1 1B 580
BS 775 8 ¥ BS 775 1000
UTE UTE
NFC 20040 750 750 NFC?DUE:O 1000
Category C Category
VDE.O110 VDE 0114
gtoup € 750 750 group'c 1000
CSA CSA
C22.2 600 600 cz22.2 600
No. 14 Ne. 14
A 1200 1600 2200 2700 1400 1900 2500 CA 12000 16000 20000
380 V 1400 | 16800 2000 3200 2000 2600 3200 380V 12000 16000 20000
500 vV 800 | 1000 1400 3200 2000 2600 3200 500V 12000 16000 | 20000
680 V — | — - — 500 500 800 660V —_ — — 10000 | 12000 | 16000
t1=3min| 125 | 190 250 360 25 190 250 |t1=15min 1500 2600 3500
t2 =1 min 200 300 400 580 200 300 400 |t2=5 min 2000 3200 4200
t3=10s 400 600 800 1000 400 600 800 |13=2 min 2600 4300 5500
14 = 5s 530 800 1050 1400 530 800 1050 |14=30s 4800 8000 | 10000
t5=2s 750 1100 1500 2000 750 1100 1500 |15 =10s 7200 12000 | 15000
16 = 1s 900 1350 1800 2300 900 1350 1800 |16 =>5s 9600 16000 | 20000
mo 0.6 0.5 0.4 0.3 0.6 0.5 J 0.4 m& 0.18 0.13 l 0.09
GENERAL OPERATING CONDITIONS
® Ambient temperature ® Mounting ® Altitude

Operating characteristics and conditions
given in the following pages are valid for

an ambient temperature from —52 to +400C
without restrictions and —50° 1o +70°C with

ceriain restrictions.,

Normally the contactors are mounted vertically.
They will function, however, at an angle of 22°
30’ from verucal in any direction {for compliance

with official marine reguiations).

restrictions.

Our contactors can be used without
derating up 1o a height of 2,000 mertres,
and up to 5,000 metres with certain



CContactTor seijeclion guiae

Squirrel cage and slip-ring motors

(1)

Motors with A.C. supply

Breaking after starting
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Genesal information

Ship-ring motors

Caregory AC'2 conforming to UTE standaras

AC2

Closing

" VDE, 1EC & BS standards

The contactor makes the starting current, i.e. 1.5
to 3 x the rated current of the motor. The siarting
current depends upon the rotor resistances.

Opening

Squirrel cage motors
AC3 for all standards

Closing

The contactor makes the starting current, i.e.
5 to 7 x the rated current of the motor.

The contactor breaks the rated motor current, the voltage at the contactor
terminals is 15 to 20% of the mains voltage.

AC"2: light duty

AC3: duty may imply frequent operation but breaking remains easy.

Fos intormatieon on LCI-B
CORTACION NOL grvmn Gn Bages
2/30 10 232 piesss conmit
vour local saws athice

f | F GC |HC | BJ BK | BL [MB(1)|PB(1) RB("
S — Size ot Baslirors DO9 |D12 | D16 Dzs|Dao D83 | FC ( )
according to maximum Maximum operating g 12 l 16} .25 40 | 63 | 80 [125 | 200 1000 1500 j2000
operatmg current or current (A)
standardised power rating 220V ) 222 3 | 4 55111 18,6| 22 30 55 . — .
of motors in AC'2-AC3 Power 38OV |4 §5 || V.5r LY 18.5) 30 | 37 55 90 = = -
categories. jaung 500V | 5.5 775 [10\\} {L5¥*|. 28 37 IS5 75 |132 -1 - =
kv 660V |55 | 7.5111. |15 |30 | 37 jas* | s5-|110" e
(1) The figures are valid for use in AC'2 caregory
*These ratings applicable 1o CN2— contactors oniy.
Electrical life of Breaking during normat running
main contacts in v o Looov o] 949% § 3 g o m
AC'2 & AC3 f o piatass LU Y U I 3 B
categories @ T © w o ) S\ 9% —Ben b4 S~ 135 o o 9
Miliions of operations & B & 8 SR S GFobh = F | 52 © ©
10 4 | 1 | ' I . B LA D | | 1 ! ! ! !
g 1 ‘\.\ "’:_\ ™ "_\ ~— \‘ - “- "\. \1: ~ -
=7 — b SO B a1, T ANS N yn w 1
4 AN NI IR TN ¢ BN TN NN _J | ;R M i
3 I \'\ N s TN \\ 3 VN \[ NN | i ‘ | | ¢ !
4 [ N1 IS, G\ Desst™y 1IN 1Y AN GNERE |
7 RO 25\ U © 273 ¢ s ‘\ N i
b1 N G ZhEEN?, S ie
1 w MOV (i) ) T N o . . W a ; S B >
08 T = * Tl T T T N = =
I 3 § i I )1 3 T —— e —
06 e ¥ n & T L2 =1, T I T 1
E y ! 1 i ! ! 0 i i i T { | | |
o H - @i PRI T b | 2 T NP T3 \ ¥ T 17 i { |
K NN A T O T T it (N " 47 S T R L
@ NS T | el A TN 1 I EER P
TN TR [bN®Y Vi° i ! i ‘ Lo B I | l
] ! : [ i ' I [ 1| l "t ! : L !J ‘ L
2 3 4 s s 78tw | s 2 am b e | owe | w | iam 600 800 ROD0 B
Power 9 12 % % @ 63 125 00 260 400 550 00 1500 2000
rating (kW) Operating current {A
220V 52 - wm o, . o 02 ez w¥n mme s 228 E please consul
L L i ] L L ' L} Lo I L L ] I T Il
380V - men . L. & o e mEx z2ges z2sEDE EEEJ please consul
N 1 1 . : ' . ] [ % | ‘ | i i [ Il 1 ' & \ ) [
660 V =T . - o o mer 2Ex 2% piease consul
: ! ! 1 i : 14 : ) I :
Maximum operating frequency Size of contactors D08 |D12 ’D'IE D25 '040 D63 | FC | GC |HC BJ | BK | BL RB
| see| noTE lasovel MB PB
according 10 power rating T i
{oss/nr) Use 100% 1200 120u12m1200|100&1000 750|750 |750 150
ot power i |
of rating in 1 | ]
con- 75% ac3 2000/200012000}2000/1500|1500/1 200{1200 1200 150
tacitors cateogry
50% 3000 SDGGIZSOO 2500(2500({2500 2000[2000 2000 - 150

Remarks

Tne OPERATING CURRENT must never exceed the
current indicated for AC1 category, according 1o

In AC’2 and AC3 categories, the operating current is the
rated current of the motor. In categories AC2 and AC4 it
iz best 10 take into account the CURRENT BROKEN.

ambient conginons,

The control of motors is never only AC2 or AC4, but a
combination of AC'2-AC2 or AC3-AC4. If the number of
operations in AC2 or AC4 (heavy duty) categories is more
than 67% of the total number of operations, the
influence of AC'2 or AC3 operation is negligeable. In

the contrary case, please refer to page 2/4Z.




Sguirrel cage and slip-ring motors.

(2) Inductive circuits and motors with A.C. supply
(cos @ from 0.3 to 0.7) breaking during starting or

plugging
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General Information

Slip-ring motors

— category AC2 contorming td |EC and UTE
ACZ2' conforming to VDE, 1EC & BS

Closing

Squirrel cage motors

category AC4 for all stancards

Closing

The contactor makes the starting current, i.e. 1.5 to  The contactor makes the starting current, e,
3 x the rated current of the motor.

Opening:

5 to 7 x the rated current of the motor.

The contactor breaks the starting current of the motor, the voltage at the contactor terminals is equal to the

mains voltage.

Operations in AC2 and AC4 categories only occur 1n severe duty.

Electrical life

of main contacts
in AC2 and

ACA4 caregories

Breaking during starting
Control of an inductive circuit cos 8 > 0.35

0 Lo 3]
; 2 Seez= (| S35 3
N — - U % -
a 1'% Sl 2/ & z 25333 z 5 5 >
Millions of operauions O 0,0 0O o fol Cc O oLLOo (3) Q@ O 3]
1 | 1 | ] | ' AR K. | g ! |
W = < e e S
S o . ™ 2.\ S v i Sy -
(] ) N e T A 1 !
oW 8 TN WU OV D % e 0T " NN = : : ! i
1 e W AN CANRSY I b | o B 1 i
3 oo gy LN, B b TN VLN caCacyas . I RRELA i i |
2 === M /RS HENAE RNV PRI /AN N B R - [ 1
1~ 4 1 | %% h | i
1 ! ! ! I ?\ \ N\ \X\\\‘\\\\‘ l | i
[} B ~ = = < = = .T
. — - 8 \ \ -
[ 17 o 50 -~ = i = X
s ! : S, . o~ . T \\ NG \\ \ \\ \ N ] ! ek
Y i NSV SPT S _\ A VLY \ : 0 :
‘ P i, e R \\\\ \\\ e P
1 1 :
02 120 LWl | RnQ N \ LR NEAVENNARN \ -
= L «2 \ \\\\\\Q\\ B
. .| PR\ ! /SA V.28 N
T == —
0.06 r. + o 4 T e B .
Nt i ] T ) L L AN \\‘ \\-\\'\‘\‘\ H
0.04 . i Al I " o TR G 0 T W e T, W N |
i 1 kel i | P g t ! I J _r N N Ny |
o RN { R .7 AR i 11
T ; + = . 1 T L8 T N T [
e . | b LA AT [T (] ¢ k
oo ! LN | 5 B ! 10 L Ilr - E :
T 4.5 FaBsm B @ ® & |sm js o | w | 30 4o | s 00w | 180 aon |
v 5 J20% 150 W 78 ™0 1200 1560 7000 300 4300
B . 7 Breaking current (A)
For mtermetion on LCV-E
mrrtvors o g o papen
2/30 w6 VT2 pramen amwm—
= YR M La bases OfF o
Maximum breaking current Operations load Operations  load D09 |D12 |D16 |D25 | D40|DE3 | FC ch IHC l BJ | BK | BL
; : /hour tactor /hour factor | | !
in A according to type of -
duty from 150 & 15% up to 300 & 10% 30 | 40 | 58 | 75 1110 (160 1220 1285 1400 | {
from 150 & 20% up te 600 & 10% 27 ' 26 | 50 67 | 98 |48 | 200|255 | 360
{numper of operauions/nour trom 150 & 30% up 1o 1200 & 10% 24 |30 | a4 | 56 | 80 1132 | 165 1215 | 300
ioad factor) from 150 & 55% up 10 2400 & 10% 19 | 24 | 28 45 {62 | 1101132 1172 |240
trom 150 & B5% up 10 3600 & 10% j16 | 21 | 31 40 | 53 | 90 |116 |150 |210
Plugging The current varies from between the maximum current when plugging to the rated current of the motor.

The switehed current must be compatible with the closing and breaking capacity of the contactor {see page 2/38)
Since Breaking most often takes place at a current vatue near the stalled current, the contactors can be
selected as for AC2 and AC4 category.




Squirrel cage or slip-ring motors

Mixed duty with breaking during starting
(or plugging) and after starting.
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The duty is mixed wnen the
contactor may have 1o break
the motor current at any
instant, 1.e. when stalled
curing starting, when
plugging or wnen the motor
1S running at 1ts rared speed.

The current broken will be
beiween the rated current
and the stalled maotor current.

It can be seen from the araphs
on the preceding pages that
breaking during starting nas
much more efiect on the life
of the contactors than
breaking after starting.

The actual current broken
must therefore be 1aken into
account wnen determining
the electrical life of the
contactors.

Example:

Breaking with motor running
100A

Breaking during starting or
plugoing: mean current broken
240A

Required electrical life:

2.5 million operations of
which 33% at 240A.

® First rest with CN2-GC
contactor:

—100A following diagram
AC2/AC'2: 5 miliion
operations {N3) See page 2/40.
—240A following diagram
AC2Z/ACA4 : 0.6 miliion

aperations {N4) See page 2/41.

N3 and N4 carried over 10
graph: numbper of operations
read from 33% axis =

1.450 million operations
(N} — not sufficient.

® Second test with CN2-HC
contactor:

—100A following diagram
AC3/AC’2: 9 million
operations (N3)

—240A following diagram
AC2/AC4 : 1.3 million
operations (N4)

N3 and N4 carried over to
cnart: numper of operations
read from 33% axis =

3 miliion operations

wnich is correct since it is

= 2.5 million operations.

® QOperations are classified into two groups:

Group A: operation when the motor is running, or
by breaking a current which is lower than the rated
motor current. This 1s comparabie to AC3 or AC"2
operation,

Group B: operation wnen the current is broken
during acceleration or plugging is higher than the
rated motor current (operating current).

This operation is comparable to AC4 duty with a
breaking current equal 1o the mean value of the
actual currents broken. The latter are known or
determined from the plugging or starting peaks of
the mortor characteristic,

Number of
operations
{in millions)
AC'2—AC3
Breaking
wnen motor
runnmg

A

N3

e Next choose an apparently suitable
contaclor size and determine: —

(a) on the graph showing the electrical life

in AC3 category the number N3 of operations
the contactor would pertorm if these operauior
belonged 1o group A;

{b) on the graph showing the electrical life in
AC4 category the number N4 of operations it
would perform if they belonged 10 group B -

lactual or average current broken).

le) carry over the N3 (vertical axis) and N4
[horizontal axis) on the axes of the graph
below. Draw the straight iine joining them
by these two points.

The electrical life N in mixed duty can be
read from the intersection of this straight line
with the obiigue axis corresponding to the %
of group B operations in the total number of
operations.

If this number N is lower than the total
number reqguired repeat a) b) c) with a
contactor of a higher size. If N is appreciably
higher than the total number required take a
contactor of a lower size.

Number of operations (million
AC4-AC2 breaking.




AC resistive or slightly inductive AC loads

The standards classify these loads in category AC1
All loads with cos @ = 0.95 belong 1o this category.
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Category AC1

Definition of operating
current.

All stancards give the hmit of the 1emperature rise for eguipment
in continuous aperation. The temperature rise (s measured at the
terminals and defines the rated thermal current of the equipment.
The rated thermal current vanes according 1o the method of
mounting and the ambient temperature. in the 1EC recommenaatons
the operating current is at the most equal 1o the rated thermal

current Ith.

in the French UTE standards and German VDE standards the
operating current is limited by the size of the terminais.

The latter limit being more restrictive than the former, it
results in a significant satety margin as far as temperature

rise is concerned.

Note: The Germar standard VDE
0660 (paragraph iV 30b) states that
operating current in CONtiNUOUS
operation need not be hhmited by the
size of the terminals, provided the
section of connecting cables is
indicated ana sutficient to keep

the temperature rise within the
given himits,

QOperating current in
category AC1

According 1o all standards

For sntoematon on LCY B
ComMacton not erven an Base
2/30 18 232 menssa comwit
Vot meal Ly Blice

of contactors and Size of contactors Doe{D12 D16/ D25 [Da0 D63 | FC |GE | HE | Jc | 82 8K | BL |MB |PB |RB
equipment (A) 1 |
Starters in normal enclasure |12A | 12ZA [25A|25A |SOA |63A |BOA [110A170A|2600A — = - = | = =
Conrtactor or starier wnen the 4 B 2000
temperature in the neighbour- |12A | 12A |25A | 25A |50A |63A |BDA [125A1200A 280A, 1f0 A WASO
hood ot the contactor <55°C
[‘_2] According to |EC and VDE standards
P
Size of contactors D03|D12 1016|025 [Da0|DE3 | Fe |aC |He lsc |8y |8k | BL mB IPB }RB
Y ——— R A A P === GAELE | R et
Contactor or starter with air | 904 | 20A | 32A| 32A | 55A | 70A |100A[15 A[200A|2B0A] 1250 | 2000(275C
temperature < 559C Al A |A
Conrtactor or starter in free air 125012000 |275C
or a temperature < 400C 25A | 25A |40A | 40A |60A BOA“ITOPHBGA 210A|300A/ a 7 7
* Starter 125A ND1-GC: minimum enclosure DE1-GP 422 {500 x 300 x 200 mm).
relay RA1-HA 85-125,
* Starrer 200A ND1-HC: minimum enclosure DE1-GP522 (600 x 300 x 200 mm).
relay RA1-HA150-200.
Electrical life
in category AC1
Millions of . 5 = falie gl 12
operations s B aliz z| Iz
=) O O,
10 - = = o = < ~ -
L] s~ Yo = v e m— S
5 < o SRR S T o TR WY
. T~ B~ -~ o ISR, b M, Y BT O Y !
i I NS o~ LN ~ B T I Y e, TR TR 1L
N T T D T . N R T N
) Lo s e N N TR SOOI INI N
T Y N T 7 7
| T OSNONY T T & NN
1 L ' - - o i ‘ e
0s : : == —
06 =+ T 'LEJ \‘1 A‘l
04— - . ! 11 L
. R .sf%f@l_—je\r—:/i}—{‘- H (o—{et—
] i EREE 115 2 e it =
i I ‘EII'H i IR G g[7 ng g GG
l | I 1 i i T i 1 :T H’ |
] | o i ! O 1 [] 1 L '
. '2 ¥ A 5' sl ; £ 810 2 ki 50 ’ 200/ JDD; 400 ]suu mnl 1000 | imn
| 280 I
2 o w0 160 210 320 500 BOO 1250 2000 2750

Operating current (A}
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Switching three phase capacitors used for power factor

correction.
Automatic short circuiting of rotor resistances.

® Switching three phase capacitors used for power

factor correction.

Tiis type of application is characterised by:

— Transient currents and voltages which occur
particularly at switch on.

~— Harmonic currents which flow in addinion
to the rated current.

The operating power values indicated in the adjoining
table take into account the normal amount of harmonic
current flowing in addition to the rated current of the
capacitor bank and the thermal rating of the contactor.

Protection is by means of a thermal overioad relay
calibrated for 140% of the rated current of the loac

Similarly rated HRC fuses are recommended; for
severe transient Currents may occur at the moment
of switching on power in addition to the harmonic
currents monitored by the relay.

The peak value of Tthese currents must not exceed
those shown below. If necessary, they can be
reduced by introducing inductances in series on
each phase.
For miormaton en LCT-B
COMBCIOTS NOT Breen BN Bage

2/30 10 /32 pisss eonmit
your ocal e offica

Size of Contactors IDDQ D12 |D16 | D25 | D40 |DE3 | FC |GC | HC ]s.: BK | BL
Rated current of the bank tor an
ambient tempersture of 400¢ | 9A | 12a [ 16A | 25A140A | 63A | 75A [100A|140A
Maximum permussible closing 1800 |2000 |2300 |2600 {3600
o 400A|500A |750419004] 520 [€577 1457 [ T
220V 35 |45 {759 |15 |25 |27.5 |37.5 | 50
Rated power
/ agov| 45 [75°| 9 [15 |25 |375 |50 |65 |90
n KVAR ;
41
for temperatdre < 559C ladow| 15 |8 1 18 [T75-f30 |45 |50 [ 75 |100
soov| ¢ [ 10 175 | 20 fas |s0 !so 80 [100

® Automatic short-circuiting of rotor resistances

An easy making and breaking duty characterise this
type of operation.

Oniy the thermal effects of the current need be taken
Nto account,

When there are several short-circuiting contactors those
controlling all steps but the Last have a low on-load
factor {in this case the on-load factor 15 the ratio
between the nime the coniactor in guesuon carries
current to the interval of 1ime between two successive
starts). The intermittent duty rating can be nigher than
the continuaus rating of the contactor,

By using four pole contactors with two pairs of pol
connected in paraliel 1t is possible 1o double the
effective current raung using Two pole switching
By delta connecring the poles of a three pole
contactor it is possibie to reduce the contactor
current 10 \/—'— of the phase current at each pole.

3

When using the table below, the current referred 1o

— the starting rotor current
if for the given contactor the duration of the peak i
> 25% of the time it passes current.

— the rated rotor current
if for the given contactor the duration of the peak i
< 25% of the time it passes current.

Period for On Maximum current {A) up to rotor voltage of 500V per phase for
which current load connection
passes through factor I 1 'y )
short-circuiting ?
contactar T l ,{, I T I T l Q ! I J I
two pole switching delta connection
T ! ! FC | GC HC ’ ]
°°9!°’2!ms.‘°25 [Rag |ps3 {cN1) | IENT) | IeNT) wel Db lapes
> 5 min. 100% | 35|35 [60 |60 |90 125 | 160 | 230 | 320 ]
3 min. 60% |40 |45 |75 ' 75 |120 [150 | 200 300 420
1 min 30s 30 % 60 |60 [100)|100 |160 (200 | 280 400 580
30s 10% [100 ]100 |{180 |180 [270 |340 | 480 690 960
8s 2.5 %180 | 180 | 300 {300 }470 |600 | 800 1150 |1600

Contactors are available for rotor voltages up 1o 2500 V.
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Power circuit: direct current
e in choosing, considar both the contactor and ths number of poles to be connected in series in the circuit.
e Points to consider in choosing:
— voltage
— breaking capacity
— required electrical life, if important
— nature of load and in particuiar the -h time constant
— thermal operating conditions

Contactor seiection
Time constant
L

E <B60ms

NUMBER OF POLES to be connected IN SERIES depending on the voltage as indicated in the table below:
— tor most applications max. rated voltage V, m3x. > supply voltage -

— with switching during plug breaking Ve max > 1.5 supply voltage

SIZE depending on the rated current of the load (1) according to tabie below:

— poles In Series ONiY...cccceeeceaaans max. rated current lg = |

— each pole as above reolaced by n poles in parallel............. nle x 0.8 > 1

| cc3 = LCY CN2 [AVA] CV3

e (A) FB-80 A |D09, D12|FC-80 A |FB-80 A |JA-400 A|FB-B0O A |JB-320 A B-1250

HEB-200 A|D16, D25|GC-125 A|GB-160 A | KA-550A|GB-160 A |KB-500 A [PB-2000 ~
D4Q, D63 |HC-200 A |HB-250 A| LJ-900 A |HB-250 A |LB-B00 A |RB-2750 .

1 pole 125V 75V 125V 220 Vv 440 v
Ve (V] 2 poles in series 250 vV 150 V 225 V 440 V 850 v
3 poles in series 225 v 300 V 1200 V

4 poles in series 300 V 1500 V

{1) when several poles are connected in series, they may be connected to one polarity or two.

(2} the use of a contactor chosen as above guarantees a breaking capacity of up to four times the rated current (4xl,
(3) the current available far the control circuit, the other necessary main or auxiliary contacts... make it possible to
choose between several alternative solutions, aceording to the table

(4) the CN1- FC, GC, HC contactors do not have a useful DC rating.

How 1o select the
required electrical
life

The size of the contactor and the number of poles in series must at least comply with the conditions above but must
sometimes be increased 1o obtain the desired eiectrical life. This depends on the POWER broken i.e. the current
broken (1) times the recovery voliage {Vr). Calculated as follows: k
Power brokan Pc I Example: 5 kW motor - 200 V - 25A
Inching with switching of starting current (62
Pc= 62 x 200 = 12.4 kW D25 conractor,
sufficient for rated current and Vs with 3 pole
in series, will stand 900,000 operations,
according 1o diagram.

Same metor, switched while running

Pc=25x 100 = 2.5 kW

Recovery voltage Vr

Resistor, electro-
magnet or moior Vr = Supply voitage,
with switehing at Vs ] le x Vs
slow speed unoer

full voltage. Negligible back emf

Swiul:hing while M S
running or Ward-

L Back emf comparable le x 0.5Vs The same D25 contactor will stand more than
Leonard drive. . PR ¢
with Vs 10 million operations
£ & . Same motor but with breaking of plugging
h
SiehipgETTiRG Vr > Vs Icx 1.5Vs  |current=40 A Pc= 40 x 300 = 12 kW

Pivg brgking Back emf in opposition

10 the supply voltage

A fourth pole will have to be provided
{see note a)

a) Correction of power broken before using the diagram.
The power broken values, as read from the diagram, correspond to the number n of poles in series most often used i
eaen contactor. in the table for contactor selection n stands on the same line as the voltage marked in jtafics. 1f the
number of poles actually in series — m — differs from n, the power broken value must be reduced 10 this reference b
applying to it a coefficient n  before reading the number of operations fram the diagram.

m
Thus, in our exampile we have: 12 KW x 3 = 9 kW, a power rating for which the D25 contactor withstands 1.7 millic
operations, )

b) Correction of the number of operations according to the time constant T = i— ) of the circuit.
— T < 15ms, read the numbper of operations directly from the diagram; R
= 15ms <T<60ms: number of operations = figure from the diagram x i
— T>60ms, please consult your local sales office, T
c} When several poles are connected in parallel, muitiply the number of operations given by the diagram by the numi
of poles in parallel.
d) Mixed caiegories with different types of braaking, Proceed as before to derermine the number of operations
which the contactor would stand for each type of breaking, then use the same methods and combination chart as foi
squirrel cage and slip-ring motors. B
8} Thermal limit. The following rates must not be exceeded:
— used at maxtmum power, as in diagram; — 150 one second operations per hour.
— used art the maximum rated current i.e. — 150 operations per hour with a 60% on load factor or

300 operations per hour with a 30% on load factor.

Electrical life as a

function of the power

broken

The required life span

can be obtained,

according 10 circumstances,
by increasing the number

33888 £ 965 0068 D86 ¢

of poies in series, in -
parallel or by using a &
larger size contactor. :
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Si-Unit Conversion Table

The following derived units are then defined:

Quantity Unit Unit Abbreviation
Force 1 newton = lki;m N
Energy 1 joule = 1 N-m J
J
Power 1 watt = IE A
Temperature

degres Celsius = degree Kelvin —273.15

The equivalency between the above quantities and their English-unit
counterparts may be obrained from various sources {e.g, Ref. 1) to yield the

following conversion factors:

~ Accelerartion:

Area:

Conductance, thermal:

Conductivity, thermal :

Density:

" Diffusivity, thermal:

Energy:

Force:
Heat:

eat flow raie:

Heat fiux:
(unit arsa):
(unit length):

Heat generation rate:
(unit mass):
(unit volume):

1 ft/sec”
1 ft/hr?

6

Shan ¢
1 Btu/hr-ft*-°F
1 Btu/ hr-ft-°F

11b, /ft?

Yt /see
1 ft*/hr

1 Btu

1 kw-hr
1 ft-1b,
1 hip-hr

1 Ib;
1 Btu

1 Btu/sec
1 BtL_l/hr

1 Btu/hr-ft?
1 Bru/hr-ft

1 Btu/hr-Ib,,
1 Btu/hr-ft3

i

3.0480 x
2.3519 x

]

Il

9.2903 x
6.4516 x

10~ ' m/s?
1078 m/s?
1@ > m®
1074 m?

— 5.6784 W/m2-°C

= 1.6018 x

= 92903 x
= 25806 %

0951 x
= 3.6000 x
=1.35584
=¥ 64 %

= 44482 N
= 1.0551 x

= L0551 &

= 29308 x

= 17308 W/m-°C

10 kg/m?
10™* m?/s
107°m?/s
10%]
10°J

10°7

10° 7]

10° W
107''W

= 3.1546 W/m>

I

96132 ¥

]

= 1.0350 x

107! W/m

64612 x 10! W/ke

10 W/m?

100



.-

Heat transfer coefficient: 1 Btu/hr-ft>-°F

Latent heat:

Length:

Mass:

Mass flow rate:

Mass flux:

- Momentum, linear:

Power:

Pressure:

Resistance, thermal:

(total):
(unit):

Specific energy :

Specific heat:
Specific volume:
Surface tension:

Temperature: .

1 Btu/lb,

1ft

1 micron
1 1n.

1 mile

11b,

11b,,/5ec
11b,/hr

1 1b,/sec-ft*
1 Ib, /hr-ft?
11b_/sec-in.”
1 Ib_/hr-in.?

1 Ib,-ft/sec
1 Ib,-ft/hr

1 Btu/sec
1 ft-lb;/sec
1 Btu/hr

1 hp

1 1by/ft>
1 1b/in.2

S1-Unit Conversion Table

— 5.6784 W/m*-°C
— 23260 x 10° J/kg

— 30480 x 107'm
= 1.0000 x 107°m
= 25400 x 107?m
= 1.6093 x 10° m

— 45359 x 10”'kg

= 4.5359 x 107! kg/s
= 1.2600 x 10™*kg/s

= 4.8824 kg/s-m”

1.3562 x 1072 kg/s-m?
7.0362 x 10* kg/s-m*
1.9545 x 10~ ' kg/s-m*

— 13825 x 10~ " kg-ms
= 3.8404 x 10”*kg-m/s

= 1.0551 x 10> W
41 3V

= 29308 x 107! W
= 7.4570 % 10> W

— 47880 x 10 N/m?
— 68948 x 10° N/m?

X X X X X

X X

I

ff

| standard atmosphere = 1.0133 x 10° N/m’

1 in. water
1 ft water
1 in. mercury

1'hr-°F/Btu
1 hr-ft*>-°F/Btu

1 Bru/lb,
1 fi-log/Ib,

I Btu/lb-°F
1ft3/b,,

1 Ib/in.

°R
°F

= 2.4909 x 10> N/m* -

= 2.9891 x 10° N/m*
= 3.3866 x 10° N/m*

= 1.8956°C/W
= 1.7611.x 107}
mz—f'C/W

=23260% 10° J/kg -
= 2.9891 I/kg

— 4.1868 x 10° J/kg-"C
= 62428 x 1072 m/kg

= 1.7513 N/m

o

x °R
x (°F — 32)

o

K =
C=

DI ol

10l
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Si-Unit Conversion Table

-

Temperature difference:  1°F(°R) = 2°CLK)
Time: ™7 1 hr = 3.6000 x 10°s
7 1 min = 6.0000 x 10s

Velocity: 1 ft/sec . = 3.0480 x 10~ ' m/s
1 ft/hr = 8.4667 x 107° m/s
1 mph = 44704 x 107! m/s

Viscosity, dvnamic: 1 poise (g/cm-sec) = 1.0000 x 107!

(see also Tabie B.1) kg/ms (N-s/m?)

1 1b,/fi-sec = 1.4882 kg/m-s
1'b,./ft-hr =4.1338 x 10~* kg/m-s
1 Ib-sec/in.* = 6.8947 x 10° kg/m-s
1 To-hr/ft? = 1.7237 x.10° kg/m-s

Viscosity, kinematic: 1 stoke (cm*/sec) «="1.0000 x 1074 m?/s
1-ft*/sec S = 9.2903 x 10T 2m?/s
1 ft*/hr = 2.5806 %10~ % m?/s

Volume: LI < 7.8317 x 102 m?
lin? = 1.6387 %1072 m’

Volume flow rate: - 1 ft%/sec = 2.8317 x 1072 m?/s
1 ft*/min = 47195 x 10™ % m?3/s
1 ft>/hr : = 7.8658 % 10~ %m’/s

FReterence

1. MECHTLY, E. A., “The International System of Units, Physical Constants and
Conversion Factors,” N.A.S.4. SP-7012, Natonal Aeronautics and Space Admini-
stration, Washington, D.C., 1964.
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Muttiply Pressure
o ‘ \
b
t By
" N/m? dymes/cm® atm pfin.? (psi) mm of Hg
N/m* 1 0.1 1.013 x 10° 6.895 x 10° 1.333 x 10?
dynes/cm” 10 | 1.013 x 10% 6.895 x 10* 1.333 x 10°
am 9.869 x 107° 9.869 x 1077 1 6.804 x 10772 1.316 x 1073
pjin.? (psi) 1.450 »x 107* 1.450 x 107° 14.70 1 1.934 x 1072
mm of Hg 7.501 x 1073 7.501 x lpg&* 7.60 x 107 51.71 1
Maultiply Energy and Work
0'
b \
t By
]| joule erg fp kW-hr eV calorie Btu
joule 1 1077 1.356 3.6 x 10° 1.602 x 1071% 4,186 1.055 x 10°
erg 107 1 1.356 x 107 3.6 108 1.602 x 107 1'% 4.186 x 107 1.055 % 10*°
ip 0.7376 7.376 x 10~2 1 2Ias5%: [ Ve LR EEGl0ey 3137 7.783 x 10* .
kW-hr 2.778 x 10=Y YRR Sel0=243 Fo6u 1077 1 4.450 x 1072¢ 1.163 x 107% 2930 x 10™*
Electron-
voit (eV) 6.242 x 10'® .6.242 x 10!} 8.464 x 10'% 2.246 x 10* 1 2,613 x 10'? 6.585 x 10%!
calorie 0.2389 2389 % 10”8 03239 8.6 x 10° 3.827 x 10°%° | 2.520 x 10?
Btu 9.480 x 107 9.480 % 107! 1.285 % 1073 3413 x 10° 1.519 x 10722 3.919 x 1077 1
_— Electric Charge* o> Elecrric Potential*
o ‘ (o]
b b p
t l \ t ] By
i T )
» - coulombs statcoulombs nd . volts starvolts
couiombs 1 1 M volts ] 3 x 102
statcoulombs Ix 100 1 statvolts 1x107? -
*Here, as in the tables which follow, the digit 3
represents the significant figures in ¢, that is,
2.997 925. £
Multiphy Electric Current* i Multipiy Resisiance™
| i,
Bim b \
ol amperes statamperes ; ohms statohms
amperes . 1 1 x107° "ohms 1 9 x 10!
staramperes 3 x 10° 1 statohms I x 1074 1



Protection relays always control components capabie of interrupting the circuits
they monitor {a contactor for exampiel.
They normally only have 10 operate occasionally.

Measuring relays menitor current and voltage variations. They operate at set limits.
Max. duty 1200 operations per hour.

_f'.'..'_:_--—].

oy
Stk

Y]

o ; €
RA1-FA 1o HA

o
"."1*-'-—&-»‘
ey il
Vg e
~
N —
T
oy 4
S T
T =
RM1.J T et
B
- ﬁi“{u
E,n}
RN1-BA

Applications

Use
. ; ; — squirrel cage, ship ring motors
Protection Protection against e e
relays overload, phase — shunt morors and other loads
unbalance and phase om0 opsificor
failure
Same applications as above.
Long staruing times and higher
currents
. . — unbalanced circuits
Protection against ~ 5 1030 Gbifhaur
overload anily
Same applications as above.
Long starting times and higner
currents .
Protection against — motors of unbalanced currents
. — 1o 60 ops/hour
overioad and high e 3
peak currents
. — stator winding of motors or
Direct t_hermal otner loads, with suitabiy
protecuon positioned thermistors
— any type of duty
Protection of starting = slip ring motors
peaks against excessive ~iseEies OO
starting
Protection against — starting resisiance
excessive starting — {may be used as a thermal timer)
Mea . Max. or Min. level .— motors and other appiications
RMERRG detection
relays

Sensing relay with
adjustable differential

Low power consumption, 0.05W

Vibrating relay

— controlling the field on shunt mc
and other applications
Low differential

— polarisanon
— reverse current
— battery charger




AC/DC "Type Voltage Range Reference Page
AC < 400Kz Tripie pole, thermal 660V 0.1 LR1-D0O9 2/48
and DC ambient temperature T 1o
compensated - 66A LR1-DB3
differential relays
80 1o 80A RA1-FA 2/48
75 10 105A RA1-GA 2/48
AC 50 and 60 Hz 95 to 200A RA1-HA 2/48
AC 50-400Hz As LR1 but Variable < 200A LR1-D0OS 2/49
current transformer + currant
operated > 200A transformers
AC < 400 Hz Triple pole, thermal 660V 0.1 LR3-D09 2/48
and DC ambient temperature - 10 o
compensated BBA LR3-DE3
non-differential relays
B0 to 80A RB1-FA 2/48
75 1o 105A RB1-GA 2/48
AC 50 and 60 Hz 95 10 200A RB1-HA 2/48
AC 50-400 Hz As LR3 but Variable < 200A LR3-D09 2/48
current transformer ————————  +current
operated F > 200A transformers
AC 50 and 60 Hz Thermal magnetic 500V 0.610 1085A RMT-D 2/50
ocC 0.18 1o 861A RME-TL 2/52
with
[]e} Thermal with shunt 800 1o 4000A RTL .
shunt
ACand DC Thermistor protection 24-415V Any type LTS 2/57
relay of duty
AC < 60Hz Insrantaneous 500V 0.7 10 1000A RM1-XA 2/53
and DC magnetic
= 1000A RM1-XAS -
ACand DC Thermal timer 48-500V Any type BRT1-TK 2/83
of duty
* For information on these relays please consult your local sales office.
AC < B0 Hz Magnetic max. or min. 20-625V 2 10 SO0A RM1-J 2/54
and DC current or-voltage relay
AC with rectification Adjustable differential 0.1—600V < 30A DC - RN1-BA 2/s5
and DC max. or min. current or
voltage sensitive relay > 30A DC RN1-BA T
or with current
>5A AC transformer
or shunt
[a]e Adjustable current or 0.5 — 600V . 0.3 10 900A RVE-VB1 2/56
voltage vibrating relay
[a]o! Similar 1o above but 0.5 — 600V 0.3 10 800A RVE-VB2 2/56

naving 2 coils. Additive
or subtractive flux




= AC and DC (AC oniy, for RA1-HA and RB1-HA relays) EE e
e LR1/RA1 — protection against overload, phase unbalance and phase failure. « Approvats: @ (600VI® @ ¢
e LR3/RB1 — overiocad protection only: for lighting, heating, etc. NOTE: The LR1.D4QIS5 and LR1-0633:
are NO1 A apDroved a1 slanaarn or the
» Ambient rtemperature compensation from —20°C o +60°C. use tha UL version Piesss mnwlt: :w. |.u<
e Signal contact incorporated as standard on LR1 relays. b
h e Approvals pending:
ASE
Racom- | Assocciated . B
Powaer rating for AC3
mended | {ysgrating | 4 Weight | — -
= NTI current . uty 3-phase 50 or 60 Hz g
DIFFERENTIAL ol |:|amps Reference ATTACHMENTS
RELAYS ACarDC| Motor 220V |380/ |500V |660V (ka)
in protection 440V
amps. fuses kW HPIk W HPIkW HPIkW HP)
. Remote tripping device
D09 |o.1-0.18 | 2 LA1-D09301 LA7-D0903e
Select the relay
0.16-0.28 2 corresponding io LR1-D02302
the motor full load
St 0.5-040({ 2 current LR1-D0S303
aa0-083| 2 ’0-307 . |LR1-D08304
T 0.53-1 4 o. 37 ro 7= LR1-D09305
.?_ ) % 1-1.6 .37 |O. 7:; ‘1.1
i 1. 6 - 1| 1.5 |LR1-D02306
T .37 JU 1.1 41-5 0.12 | Electrical reset device
i - . -D083a7
: . LR1.D12316 1625 | 10 !0 0 I 1.5 g WY D093 LA7-D0g53e
Q.75 \[1.5 3
2.54 15 I .|| 3 4 LR1-D09308
o o ’1 1 sjz 2 l ‘4 LR1-D02310 Baseplate for independent
N 4 5.5 mounting
1.8 3 .5 LA7-D0254
5.5-8 20 l = 5’ 5.5[5 0 il el
L) 5.5 T ki
7.10 - F r { | LR1-D0S314 Lead sealing kit
i | o | U] " N\ LA7-D0S52
D12 ‘3 | 7 5 |m |
- - 0.12
16-13 30 10 . Tols LR1-D12316
D16 . 4 7.5 lm 15 Adaptor terminals for mountin
1318 40 l I LR1-D16321 0.12 P
13. 20 on contactors D40 and DE3
D25 N 15 18.5
18-25 50* 7_5‘ 15t ZCJ 25 |LR1-D25322 0.12 LA7-DA058
D40 |9q.~ 80* 7.5 I T8.5 \1]|22 R1-D4035 Remote tripping device
= ! 10 ! sl sl P o34 | LA7-Da003e
- 10 B 5 o] d = .
30-40 80 l [2 la LR1-D40B3s5 Eiectrical reset device
‘3 2Tl 440 LA7-DA053e
[ BG83 350" | 100° Iﬁ fo r i
15' 30} | 40} ~ 50 A | i Baseplate for independent
7 mounTing
: 100* ANy 2R P I“ 5 _lLRmi-De3aso LA7-D4054
48-57 f 20 = &t oo 0.34 54
125 18 [s] ‘45 lss Lead sealing kit
57-66 | 4ol | go|  7s|ER1-DE3361 LA7-D4052
150°* |22 37 iss !55 . Trip signal contact
), by BN TN s |- FAsoR 116 | /0 ZC1-RP1 N/C ZC1-RP2
75-105 250* FD I75 il RA1-GA75105 1.16 Remote tripping device
40 ¥ ) 100 125 = ER1-FAle
b o 0 l75 110 -
NOTE. FA relays are also 95TR 0 [3 40 ‘ 75 100 150 i o o ElECT?CB; reset device
availabie in 14 other sizes 5 75 90 132 ER1-FA2e
v i 120-180 350 [A SOI 100[ 1274 25 RA1-HA120160 1.35 r—
Pi I
me;seafcf?::ulr your local MNP g ISS !90 l132 iwa A - ZC1-RP5
i i 75| 125| 175| 220
Lead seaiing kit
Tf_\e RA1-FZ01
NON-DIFFERENTIAL The sizes are similar 10 those reterence - -
v quoted above for the LR1 and LR1 becomes Connector for cable without 1a
RELAYS RA1 overload relays LR3 and FA DZ2-FB
RA1 becomes GA DZ2-GA
RB1 HA DZ2-HA

When ordering:

€ An overioad reiay.

® An eiectrical attachment.

e A mechanical attachment. State the exact reference.

NOTE:

Set the overicad relay to the motor nameplate full-ipad current.

Please state the exact rererence as shown above.

circuit voltage and freguency as snown in the table:

Example:

LA7-D0O953F,

Complere the reference with the lerter indicating the control

Control circutt voltage (V] .

50 Hz 60 Hz Ref.
24V B
42V 48V D
48V E
110V 120V E
2B/220V| L
220v 240V M
240V u
280V 240V Q




T hermal overicad reiavys

CURRENT TRANSFORMER OPERATEb THERMAL OVERLOAD RELAYS

LR1-D
RAT

Used wnen the current is greater than 200 A and/or when:
— with FUSES-CONTACTORS-OVERLOAD assembly, the breaking of high overcurrents must be ensured by fuses only (not by relays with magnetic

tripping).

— with PLUG-IN CONTROL CENTRES and similar equipment, the CT's mounted on the fixed part are calibrated for each output current, whiie

each tray has the same low-rated reiay.

— with LONG STARTING TIMES (more than 7 seconds for an average current of 5 in) a reiay would trip directly.
CT's with a low *'saturation index’’ are used in order to increase the time up 10 about 30 seconds. Beyond this, normal CT's are used, the secondary

being shori-circuited for a time equal to the st
When the sole function of the relay is to provide overioad protection

arting time less the tripping 1ime of the relays.
‘or a motor (or balanced circuit) with 3-phase suppiy without neutral, suDDl‘r'

via 2 CT's is normal and conserves all the relay characteristics, inciuding tripping in the event of phase failure {differentiall.
When LB1-D0S305 (.63/1A) relays are used with CT's for PROTECTION, use 10% accuracy class (alternatively 5% if a small ratio error is

required) with 1 Amp secondares.

DIMENSIONS SCHEMES
LR1-D09, D12. D16 & D25 LR1-Da0 & D63 RA1-FA 10 HA
3 Phase
Basic umit ﬂ q H
v i E . — il = d.; '-IT: H
== B s B
TP ! [y { === i
‘-Ii E s ns_._.___j Sl e
R O —3

Mounted on contactor

LR1-D09 & D12 LR1-D16 & D25

—_——— U - ——
Denth " 7] Depth
98 mm ! 108 mm
.E- m bid -
i L . TlEBREE
__r-s--i.lm-nus dl Ti
—re —A7-D0953 T 2_-"—‘ LA7-D0903
Baseptaie ior inoepenoent LA7-D0853
mouning
LA7-DDE54 LAZDgO0SS
= —--—-—-—L_
-—i‘ i L For 110mm fixing | FemmmtsllT

55= CENTres mount é
| || | on piate I
. | DX1-AP28 !

[ T

4 sio1s for Bmm Dias” —
fixing screws
DOimension AAT-FA  RAI-HA

raterance

RAY-GA

ER1- FAZ

ZC1 RPlor2

) v
i3'\:j

Inoeoendently moumed

ELECTRICAL CHARACTERISTICS

e Overioaa relay type ‘ Do9 D12 D16 D25 D40 D63 FA GA HA
: 95-125 |120-160 1150-200
® Rateo voltage All stanoaras: 660V exeent CSA: 600V icommon petween N/O & N/CH| 550V AC 500V DC 530V _AC
e Freguency | Up 10 400 Hz 25 to 400 Hz | 50 & 60 Hz
® FOWer CONsuMpPTION per pnase 5.6t0 7.6 W B VA 9 VA 12 VA
et S e o | 1.65 to 2.3 warz 165104 wats | 3w 1 l |
@ Power cIrcult wiring capacity }
witn screw Capacity flexible % Yor2 — o
and ciamo sohd 10r 2 x 6mm % 10mm?| 1 x25mm?*!2x16mm3 2x25mm?
with Capacity Lexiole | o ! 75mm* s0mm- | 95mm*
connector 50110 | = | 35mm* 70mm* | 120mm-*
® _ONTrol CIrCUll Wiring capacity | 2 x 2.5mm*
# Auxiliary contacts Occastonal makina ana breaking Capacilies
Thermal rating 10A AC , | DC
28v___ | _110V___ |  Zz0V__ | 380V [ 500V | 110V 220V 440V 600V
LR1-D03 10 DE3 Z5A | 55A [ 55A |___4bA | 30A
RA1-FA 10 HA 4 000OVA | 8000 VA | 14 000 VA |12 000 VA [ 10000 vAa | 300w 200 W 175 W 120 W
e Tripping curves LR1-D09 1o DB3 RA1-FA.& GA RA1-HA
Colg state Calo state T — Cold state
. curves e £ rves
All overtoads have ambient ﬂ‘:;‘:l':nd Jow Hign and low ;:; cH‘L:m-u and low
temperature COMDENsation fimit ___ hmn p limit
petween —20°C ano +60°C Hot state Haor state L Hot state
cusves curves £ curves
Storage temoperature .average vaiues average vaiues 3 averaos vaiues
—&0°C 1o +60°C ETERE ‘
10} ;
d |
2 )
? -
E H
] I 3
: 7 : = T~ 3
L EERRIRENE I RN N R
4

DU b e WA UTas Feq bt

Multipies of the setting current

ENET SRR YRS St Ak e 1 £ AL JELE EL

Multiples of the setting current

25
Muiripies of the setting current

st 18 g TERTER

b
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with their graphs are presented first, followed by the fourth-order
filters and their graphs.

SUMMARY OF LOW-PASS SéCOND-ORDER
FILTER DESIGN PROCEDURE

O

General circuit.

Procedure _
Given f. (Hz), gain, and filter type (Butterworth or Chebyshev),
perform the following steps: / \

1. Select a value of capacitance C, determining a K parameter
from Fig. 2.10a if f. is between 1 and 10* = 100, from Fig.
2.10b if f, is between 100 and 10* = 10,000, and from Fig. 2.10¢
if f. is between 10,000 and 10° = 1,000,000 Hz.

2. Using this value of K, find the remaining element values of the

,circuit from the appropriate one of Figs. 2.11 through 2.15 for
the Butterworth. filter, and Figs. 2.16 through 2.27 for the
Chebyshey filter, depending on the gain and, in the Chebyshev
case, the dB ripple desired.

3. Select standard element values which are as close as possible to
those indicated on the graph and construct the circuit.

Comments and Suggestions

The curves are designed for 35 standard values. of capaci-
tance. Any intermediate values of capacitance may be used by
observing that dividing the capacitance values by a constant k
multiplies the cutoff frequency f. by k. The resistances remain
unchanged. This procedure of changing the capacitances may be
accomplished by interpolation on the frequency versus K param-
eter graphs. '

If the op-amp to be used has a low-input resistance (less than
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250 k), values of X from 1 to.10 give best results. For higher
input resistances (like 1 MQ), K values up to 25 are acceptable, and
for vepy high input resistances, such as those associated with FET
op-amps, values of X up to 100 may be used in most cases.

The values on the graphs for R; and R, were determined to
minimize the dc-offset of the op-amp. Other values of R, and R,
may be used as long as the ratio R,/R; is the same as that of the
graph values. Standard element values of 5% tolerance normally
yield acceptable results, but for best performance higher precision
elements with vaiues close to the graph values should be used.
This is especially true for the higher gains where the element val-
pes are much more crifical.

Finally there must be a dc return o ground at the filier input,
the open-loop gain of the op-amp should be at least 50 times the
gain of the filter at f., and the desired peak-to-peak voltage at i
shouid not exceed 10%zf, times the slew rate of the op-amp.

A specific example of a ‘second-order design is given in Sec.
2.3,

4
"
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Fig. 2.10. (a) K parameter versus frequency.
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SUMMARY OF LOW-PASS FOURTH-ORDER
FILTER DESIGN PROQEDURE

K

General circuit.

Procedure
Given f. (Hz), gain, and filter type (Butterworth or Chebyshev),
perform the following steps:

1.

Select a.valne of capacitance C, determining a K parameter

from Fig. 2.10a, b, or ¢, as described in tbe second-order low-
pass case. A

. Using this value of X find file-remaining element values of the

circuit from the apprapriate one of Figs. 2.28 through 2.30 for
the Butterworth filter, and Figs. 2.31 through 2.42 for the
Chebyshev filter, depending on the gain and, in the Chebyshev
case, the dB ripple desired.

- Select standard element values which are as close as-possible to

those indicated on the graph and construct the circmit.

Comments and Suggestions

The suggestions given in the second-order low-pass case apply

except that the open-leop gain of the op-amps should be at least 50
times the square root of the filter gain. The remarks in the second-
order case for R, and R, apply aiso to R, and R,.

A specific example is given in Sec. 2.6.

111
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PARAMETER
Fourth-order low-pass Butterworth filter.
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Fig. 2.28.





