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Benefits Due To Condition Assessment

Strength Condition assessment and
taking suitable actions at this
point.

\

Transient

faults
b\

Adv. 1: No Premature Failure

m%zc:w DA
Al = il
Stress ~.

o ,
Residual Life | |

Adv 2: Increase in Life

AL EDED
FRIEPED




Adeall 8 acisaal & paall iy aaa Coin Al 8 gl JLia) of Adaadle i il e
s A5 Jlea Sy o Jing Da aiaid (40 % 10 Go & yaall 8 ) 283 o Y 5 daalisy)
lesia Y 5 pde ket il & jas dleald Leuia all 25

Janll (e dgle Sty La Lgia g dond o jaally (3lachy L Lgda s 3 8 o pmal) 8 Jlae Y1) il
il Ll g Julae U dlainall L) sy (2) ad) gl 40 Jamall sally (3lahy L Lgda g
e

P La 5 G e 58 () A ) i

Uaddiall laziall S aadld g — 1
Alia 5 6 e s Al dlead) & OlSa) Lpad Y1 (e Laddie T &l o K13 4l e

. ‘da_?u‘}n d:'\.u‘j 3.31_.1‘}3 ‘;G\jd




Disturbance Sources

Load
()

Switchgear Environment Motor interior
(S jsaa) (a4l ) (el A4l )d cilac] )

Causes
()

1) Overload

2)Blocking when starting
or in operation

3)Heavy starting

1)Switching error 1)Excess external temperature Earth fault
1)Insulation fault Winding leakage
Interturn leakage
2)Fault in cooling
(air, oil, water )

2)Phase failure 2)Humidity. - _____

1

3)Over voltage 3)Bearing disturbance

4)Under voltage

¥*
Over current

¥
Over current

Over current
Short circuit

¢ - -

Over heating

<___________

Insulation failure
Damage to windings

(Fig:2)
Disturbances in electric motors
Sources, causes and effects
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motor

Starting
point
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\\ Or

load motor

N Line of max P.F. of
motor ( Rated P.F.)

Relay c/c

P. F. start = cos O,
P. F. rated = cos O,

Typical motor impedance characteristic when starting
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lp1 = overcurrent setting during starting
Igz = overcurrent setting at normal speed
tp = motor starting time

Overcurrent protection with variable setting

-

Overcurrent protection with variable setting
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165
t t

anl an2 an3

Speed at no load 1 Starting without load
Rated speed 2 Normal starting
Starting current 3 Heavy-duty starting
Rated current

No-load current

Starting times

Current and speed curves during the starting of squirrel-
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Tvpical protection for Motors Below 1500 HP

Device . .
Typical setting Remarks

Set at full load for motor with Good overload protection
1.15 service factor and 90 % of
full load for 1.00 service factor
motor. IT set 2 times locked
rotor.

Current setting 1/2 locked rotor.
Time delay set to give operating

Locked-rotor protection when
starting time 20 to 70 sec.

time > starting time. IT set 2
times locked rotor.

Locked-rotor protection when
starting time < 20 sec.

50 G

0.25 A.

For use with 50/5 C.T

47/27

Low voltage 75% to 80%.
Vz = 5%.

Undervoltage, phase sequence,
and unbalanced voltage
protection .

S1IN/SON

Pickup 0.5 A, time 0.1 sec at IT
setting. I'T set 4 * Igy.

Provides ground protection. Time
unit overrides false residual
during starting.




(49) (I >)O.L. Y Jasl) 3o Lldgll (3

e ae B3 8 (T ) ad Baasall daidl) e &l yaall Ao gy o pniiall Ll A 30l ) 2ie
@y\&\yj\ésuﬂjl\dmj«ﬂ)“ﬂﬁj\)ﬂ\:\;)d&&m);\&d;ﬁ
(In)é);d\&.ﬁa@cjgﬂ\&h\ﬁ}\j&-l
S (s) s — el sm) Al a Vs pladi il 2yl alds G TEF.C & sl 30y
dataal g & aall eq;;.g,uuuseéﬂb Ly dau g iniji( ela — c[y%)
Qdm“umuhdhd‘)ﬂ\\M}Lﬂj&\'&)\ﬁr\éjdjcﬂ‘)é.d\SJ\JAAAJJU:\ALB)AS\_3
HA}HJJ\eLEJM\yJ\&M‘XDcJM\cJ\)Aj\}EAJ}.\.AM'SJ\)AJ\uyLAu\JJ‘\
VY LlﬂL:.g;éiyhﬂi)zjt);.JAJﬁj‘)luaA Sl OsSs Ladie a»qsgstS«él):Jd\e*a;ugdﬂjanaﬂ
Gl e e s (P T ) Adladl o2 6 48Ul daii g (& paalls SLa) sl )5S
Aa ) i (e may s Gl sa 5 (1) Dol Al e il a5 cpaall i3
A paall 5 )l o da )0 i) a5 gealll) Lgiad (30 3/2 iy Lo (I & adll ain 3 ))
Ll im gy 1 13 Al JSAN 5 salad) Jeall die Al peplall dagdll oo

Ao P (- .,g)

R SV

stator time constant

Temperature rise of the statcr due

to overload
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A\ tripping level

8 E\*;;‘:_;“;ilarm level

t = permissible duration of
excessive temperature

Detection of an alarm and a tripping

level by thermal overload protection

(14) @&, Js




O3S0 0Rdaid & paall 3 ) ja da o G Al Slea Aol 0 & paall sl o Leie 43l JaaBly
18 055 T o el ad Sens dpaall an o 5l e U Sl e HAT (Sl il s
o) sl 2l iy GLEY) Al 8l ) sy caall 5 ity LAl ) (g ST i)

" 15 a8, Jsh " ST ) 23k llilds 5 je (g Jaaal
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Fig. 8 - Temperature rise in the stator during

starting and a period of operation- and

the fall jin termperature when stationary
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Jalsll Jaall Al & anial) 5 ) ja da
max — ("'“Aj\ LG—)S;‘ d“'a:' 5l :*%JJ L;‘A'qi

T =30min Or 1800sec
emax - en = 20 KO s
0,- 6o = 80K"°

: 1 .
tm = 1800 lin | 17 70 = 1800 lin

80( 1.44 1)

~
1
l- 1
1.76
1
1- .568

= 1800 lin

= 1800 lin




= 1800 lin 1
0.41818

= 1800 x 0.83975

t, = 1511 sec

DL o Gl e 2l 5 il e (0 16 a8 JSA)

Dl s OY) lasall 0 43d (0) 3,1 _all A jal daw (530 ) IS 1)
A91=115% ) A92 = 125%

Ax 0 gl dad (e AD; ¢ AO A5 Ay sie da 50 140 i) 3 ) ja da a0k ) p2e oy

AO, >l> 115% Alarm
AOG, + 125% Trip

,(85KO)\AJ\JEAJM\);}\EJ\)AZ\;JJ&GQGLJ\'&J\JA
Lea 5 daaal) b @l jaall ) et B cany Ua il lia o
Aa )0 A g L)Y Aed (1

BJ\PZ\Q‘JAL}G@JM\
(85 K) Laus sl

And Temp. of motor winding :‘> 140 C°
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Heating and cooling curves (1
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ABpax =Omax - 6, =140 -40=100 K"
AO, =0,-0, = 120 - 40 = 80K"°

.. ABmax - ABn = 100 - 80 =20

t =50 min.

I, =15

1
T = tlin 1- AOu - AO,
AB, (I*-1)

|
Tm =50x 60 lin _ 20

80(2.25 1)

= 3000 lin {

=30001lin .= = 30001lin 1.25
0.8

3000 x 0.2231

669.3 sec

= 11.15 min.
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Ay, - AB,
AB, (I"—1)

Aemax' Aen
T, =7 -
AB, (IP-1)

20
= 50 x 60
80 (225 1)

Do Aalaadl G 5S8 adle

1 3000
=3000
[ 4x(1.25) J 4x(1.25)

=600sec = 10 min

" 17?§JM‘ "L;aa_ﬁaye:\ﬂ\a&j




O=1(t)

setting for tripping

setting for an alarm

0 / 20

T, = 11.15 min

Temperature rise at a suddenly increased current
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Prolonged start and stalled protection
" Lo sae & jaall 3] o da )3 (A g L)) oy 38 4D sha aad (el L) LS s s
Y Fia radl e @yl Juadd A sda 846 6l 5 jeal Jead " & jadiall g caldll 40 34
a0 e Ll 5L e gl o Ll ad) DN ) A Sand S AE ) 5 Al jaesi Caaay
sl 2l 13 S jaal) Caia

1) Stator-critical motor (S.C. M)

e Clsive l Locked rotor s (o8 (s il ¢ all Glila s )l pa da )y adi 5408
53 g sall Ol L) o clalall 8 Gaaagy Laa gyl 35 gy @lld g aasiiiall J ) g sl Al 4 5
Thermal O/L Ll Jaall 30l ) sl RT.D aladinl eidlas (Saysda 5 yilall ¢ 3al) Jd

2) Rotor —critical motor (R. C. M)
il ¢ 3all Clile (e ST 5 ) aldl da o gl )Y Al ailile ol yalall ¢ 3all il Jb o sS4
Over current — time 4 51  jeal alasiuly sl oda & dlaal) a3
O 3l da wplily) s Llisll (5
aa) g ulbaa) @l jaall clile Jala s ) pall da jal cilbia &5 2 45l o) 6l e g il 138 20
& a (e JS ol phals bl il el Jiiasi iy g, (BM8 JASI (b (2) 228 ) 33U J
) e Gl kY e2a 5 " Substation Y saall ddasa 8" s aal 6 Gl s g & el
P il ) Lea ya 1385 510 300 e ST ) it 38 AL gl Cililine
s Jand (g A1 OOULS ) gan il el sda s g e Aailll 3 50 pdll AGa £ Lo¥) USialf
! Shelled (e (s sias OIS ey Uil o28 o il (S g Gl il (a8 Lgaa 3252 50
da gl o)V ks sas) g dga e aalall 138 Jua gy blindl Gall 58l Cala il
Conduit 4 sl ge Jals GOLIST 028
o2 5 ALy shall Cllsal) pn Lia pond 5 Qi gill il 3 Y daslia 2 gy b g 2 il UCdials
e Al (K58l all s 508, 8 (8 55" Sensor " sbuad) Aaglia ) Ciliat da sladl)
bl k) A0 (63 (s alasinly ACEA) o2
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Ri.a =R

18 a8, Js&

Gy Vxz ds¥) deall gl duny 7)Y 0w AN 7 X il (g dea Jaledts (6350 o 68
. X-RT.D-Z 548 Jico loke s
e 8 Jall dapday Vyz 3¢l 138 5 Y — 7 500l A Te D) uds Gaany Vyz 2ead) SliS
. Vxz 2]
. Vo =l Rigag 7 Ie Rrrpt L Rieaq (1)
Vy, =1 Rieag T Ic Riead
ek (1) e (2) ok
Vi - Vyz = L. Rrrp
AV = Vi, =1 Rprp

Rieag 1Y) 4 glia o adixi ¥ (sl




Threshold 4tz 4ad s & (e g & jaall 31 ja da )3 23a8 (S daslaall 038 4 48 Hay g
cJ\)ﬂ\S\AJJQt\&\J:}”wd@hé“\ﬁ}\dg%}\umd..as:\j

@Sl die Gedads m VU daa gy O e 7 Akl ) i gl 5 Gbiadl N i )
el o g2 Jae GISGY 5 yalall 8 Calall 1 JAaY @lld g Gelual) die (e (a5

YIS Ay Sl o3 e i A Syl a5 320 38 5

1) 10 Q Copper

2) 100 Q Nickel

3) 120 Q Nickel

4) 100 Q Platinum ( PT 100 )
5) 250 Q Platinum ( PT 250 )
6) 1000 Q Platinum ( PT 1000 )

wW.S
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RTD temperature vs resistance

Resistance values () of RTD sensors at specified temperatures are presented in the

table below.

Resistance values of RTD sensors

.EJ\);MQ\;JJ

Temperature °C

Platinum

TCR 0.00385

Nickel

TCR 0.00618

Copper
TCR 0.00427

Nickel
TCR 0.00672

Pt 100

Pt 250

Pt 1000

Ni 100

Ni 120

Cu1o0

Ni 120 US

-40

84.27

210.68

842.7

79.1

94.92

7.49

92.76

-30

88.22

220.55

882.2

84.1

100.92

-20

92.16

230.4

921.6

89.3

107.16

8.26

106.15

-10

96.09

240.23

960.9

94.6

113.52

0

100.00

250

1000

100.0

120

9.04

120.00

10

103.90

259.75

1039

105.6

126.72

20

1107.79

269.48

1077.9

111.2

133.44

9.81

134.52

30

111.67

279.18

1116.7

117.1

140.52

40

115.54

288.85

1155.4

123.0

147.6

10.58

149.79

50

119.40

298.5

1194

129.1

154.92

60

123.24

308.1

1232.4

1355

162.36

11.352

165.90

70

127.07

317.68

1270.7

141.7

170.04

80

130.89

327.23

1308.9

148.3

177.96

12.12

182.84

90

134.70

336.75

1347

154.9

185.88

138.50

346.25

1385

161.8

194.16

12.90

200.64

146.06

365.15

1460.6

176.0

211.2

13.67

219.29

153.58

383.95

15635.8

190.9

229.08

14.44

238.85

198.6

238.32

161.04

1402.6

1610.4

206.6

247.92

16.22

259.30

168.46

421.15

1684.6

223.2

267.84

280.77

175.84

439.6

1758.4

240.7

288.84

303.46

259.2

311.04

327.53

278.9

334.68

353.14

289.2

347.04
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Symmetrical component filter
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Ia :I1+Iz+10

I, = 21211 + al, + I

I, =al, +a’L,+]1,

U}ﬁ IC ’ Ib s Ia :dym IO ’ I2 s Il ﬁd\ J:‘Ji h;\ Lai

= 1/3 (1, +al, +a°’L,)
= 1/3 (I, +a’l, +al,)
173 (I, +1;+1;)
Ol da 2 120455055 1 4hed fige (e sjbea Cua
a =1
a’ =1
a’ =1
l+a+a> =0

Ayl lia (ST (3 5k 8y el 2 g (1) Abad) il A8 ja ) geda die () 1Y) 2o jeday g
1 (20) a8 g8 L L laa ) 58
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5V e Jasiy (L) ¢ s e bl Guld ey (1) a 33Ul eyl s 2l
e I a1, de 4a )2 60 W ylaie dal 3] Jasi 24 5 phase shift unit e b e
Jadiy Le 2 59 Vg | a4 glse () 5S5 dlianall 8 Hlatall 4l (5 gluse QIS D], Aaldi

Do Allal o3 igdlana dllia G AB ], = [, o5 Aloana dllia IS 13 Ll 530 )
a,c abdlallods bl o dhadl caag s Energizing sl action 4 Gaasg s 30,
QDayJé c,b 5l b,a J

L1

L.D

§ > A
1

N rd

Motor supply
Block diagram of an NPS protection for an HV three-phase motors

(21) &8, Jei

L . D =level Detector

S.C.F = symmetrical component filter
o)t (DA 5 &l jaiall ¢ Jall e J V) el & g sl 13 5 sha ()b e i) Baw LS
ovaall aga 8 18 043
I, =10 —20% of motor rated current <&l aell Hlall & (e Eaaay
an 8 (B S Lglae 4 5la5 a3 block diagram ae <ladl 5l 38 aad s s L Lad
£l (22) ) g
L (23) a8 JS& AL AS ) Gl S.CLF 360 Jaaldl (i (S8 22 5 S




2 Rioch
P

- Negative phase-sequence relay type IPX 132 b

1(22) A8, Jsi

195 876. 1




Block diagram ea = Pick-up setting
Negative phase-sequence relay type IPX132b hw = NI_DS |.ndic'at0r
ha = Trippingsignal

bp = Testbutton

br = Resetbutton ¥ .
da = Aux.tripping relay (¥) = Terminals

et = Timersetting Rack division/Terminal No.

ey

iy = 3..15% - Iy *

stage1
] & =)>—o1/1 pick-up
-)—o1/5 stagel
o i trip
E_—_.-}—-ﬂns

stage1
trip

stage 2
—)>—1/2 pick-up
‘{e+5t2-1v) 1/210—(— B ol tst_agez
block ' o117 P

(ov) 1/150—C :
block - - tst_age?
(+ 24V) 1/20 —C rip
stage1 reset

(ov) 1/9 o—
stage 2 reset
(ov) 1/220—

+ 24V 1/120—(+—O
ov 1/3 0—(

-
L 1/230—(4—+

6 T (100 mm)

IPX132b

o o

ea 1 ea 2

(9 O

et1 et2

© L)
br ha1 ha2 bp

3E (118 mm)

Front view

© (22) B8 JSi




Connection diagram

NPS protection type IPX132b

Generator
Circuit-breaker

Field switch

C.t's (relay connection at 4 or 4*)
Relay type IPX132b

Aux. tripping relay

Aux. signalling relay

~ U B W =
o owonononn

= Stage 1 = Indication (ea 1, et 1) = alarm
= Stage 2 = Tripping (ea 2, et2) = trip

0]
)

4/3

7|

1A
3/9

5A

417 }
4;9T_

z_(22) ad) JS4




Symmetrical component filter for obtaining the negative-sequence
component of the current

) B Aeadinall g S F.C. bl ol A je e J sl palddl il Joe 4y jlas
NPS 46l




Locked rotor il ¢ jad) Lia j o Lld ol (7

3
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A g (24) A A JSA g 4T dlen 8 55 ) 8 Ldasia oy day Ty A )

Motor Protection TMRB520048-Len

speed characteristic
of starts at 0.8 Uy

N

recommended
speed setting

Locked-rotor protection for tgT < ta

(24) 8 Jsi




Earth fault protection <Y Juasill 1& Llisl (8
0558 Al (o 5l A0l (a5l Uil aasiial) Al e s\ YU G sl e 2408 )1 3

daslie 3k e Jai sl solidly ground system oY) i il il L)

aab alasin) oSe AV ek s yngrounded system 5| impedance ground system

E.F Detection : &Y Gkl
A * Al AT>> | T> Slea o s e 2 Sl 58 SO aaad alas aladiuly (]
[.> Y
3L A0 aadiiall J gaally dalad) Jalall 4y e i (3 ) aladin) (2
Dol o Slip-over C.T @Y¥lall ey (B o (Al Cale) ads S e Jsaealaainls (3
13 yiia i V) bl i ) Bale ) iy Gl (Gt Sl (pe 0S5 al 18] 5 aia )l el ) ay <l 3 EDIEN
Al 238 a1 531 5 (25 pdy AU JL& B3 b Gaaatl 5 AT 5 5
e2Y) e sill (53 ) Lempanty Sl Y sae & alaiuly IS5 Holmgreen 44 sk olaivl (4
Jsae aladin) 4y 436 yngrounded system (Yl Jua sill aae Al é Ll
oala g (3 ) (A Al Lo <l ) (uldl s gidal) Wlall Juua 535 032300 5 e Star — open delta
Ug > gs-"AJ;W Jrasilly

Core balance CT

g i %%Q/////////////////

i =

No
operation

>

— operation

R/

(25) b, Js
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Motor Protecticn TMRB520048-Len

I iﬁ

b)

O le>

c)

@ b) "Holmgreen"-connection @
=/ c) cablecit. =

network
system: solidly grounded (a) impedance grounded ungrounded

Ground fault protection for different network systems
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= rated voltage motor
= Volt available at motor bus
= load torque

T, = rated torque of motor

= accelerating torque
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ABB Network Partner AG 1MRB520048-Len Motor Protection

i

,_—at100% U,

,. I / J et short cifcui protect

at 80% U,

Stator current of a starting squirrel-cage motor
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Motor Protection 1MRB520048-Len

e

Protecion functions for induction motors 5...20 MW protected by the relays

MCX913/912, IKT943 and DTN920
*)  applied only at MCX913
**)  applied only at MCX912

(28) a8 Jsad)
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ABB Network Partner AG 1MRB520048-Len

Protecion system REG316 applied for induction and synchronous motors
with ratings above 5§ MW
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ITX 192
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2.5 MW - 5. 20mMW

Examples of the kinds of protection applied

for different motor ratings
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Motor Protection 1MRB520048-Len ABB Network Partner AG

start locked

short circuit protection| current ground
rotor

rated power overload

O (Sl J sl

(MW) overcurrent| differential unbalance fault onerous repeated

i

>> | AP l, > > | A9 >it> | >t n< > >

S gl

(@)

A1) 4018

(WL
. .

Recommended protection functions for induction motors
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ABB Network Partner AG 1MRB520048-Len Motor Protection

motor rated power [MW]

rated output

of cf's 05..2

S,=10/2,5VA

. - 0,50r1
u measurement CT No. 1 Au atl,, =5/1A

’ S,=10/2,5 VA
) protection CTNo.2 ([) atlp,=5/1A SF20

E.F. protection CTNo.3 "Holmgreen"
) O S,=25..10VA 5P 20

differential . cable ct 100/ 1A

protection S =10r25VA max error at 10% Iy, + 1% + 90'
n ]

ke differential 1% lon £ 5% #150

protection * .
CTNo.4a ( $=10/25VA ") | spao 5P 20

atl,,=5/1A n=20.. 40 n=40

differential S$,=107/2,5VA

protection atl, =5/1A 5P10 | 5P10

CTNo.5

*) the rated output is given by the actual output S, copper losses AP,
and by the overcurrent factor n

Suitable C.T. ratings

A

-~

(31) &)




ABB Network Partner AG 1MRB520048-Len Motor Protection

start
rated power short circuit current earth fault overload locked

: roter
(MW) unbalance onerous

I » > Al> l, > g > AS 5 1> t, > n<; > t>
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*) at important squirrel-cage motors
interlocked during starts.

Protection of induction motors |
Example of applied relays and their setting
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MOTOR PROTECTION DEVICES

In operation. electric motors are exposed to hazards due to inadmissible

( Jsda e ) stresses( <Blga)) of different kinds and origins. According to their
causes they can be broken down into ( lgessdi) ;

1) Overloading during starting and in operation

2) Faults in the power supply,

3) Switching errors

4) Internal insulation defects

As shown in (Fig 1).

These irregularities( 4ehiio_ptll OYISI) cquse the current consumption to rise
and the windings to become overheated.

1t is the task of motor protection devices to guard motors against inadmissible
temperature rise, to prevent damage and to limit the outage times of electric
drives to a minimum. These devices can be classed in three groups allocated(

4awda ) to the particular size of motor:

- Simple protection for motors of low rating
- Improved protection for low-voltage motors of all ratings

- Improved protection with additional facilities for high-voltage motors.

In practice it is no always possible to set rigid limits to the rating groups

When selecting the protection, because a number of influencing (4.3 el 52)

factors have To be taken into account. Therefore the choice of protection is
guided by the Material value of the motor and the effects with which the user

has to Contend(~l=) if operation of a motor is interrupted.




I- PROTECTION OF LOW-VOLTAGE THREE-PHASE MOTO

The current that a motor draws from the supply depends on the load and is the
cause of overheating. It has therefore been common practice for a long time to
monitor the supply leads by an external protective device. For low-voltage
three-phase motors this task is performed by motor starters and contactors

equipped with thermal over-current relays.

To perform their protective task, these devices have to satisfy the following
requirements:

a- They must be able to carry the rated motor current continuously without
Picking up

b- They must be adjustable, so that they can be set to the rated current of
the Motor

c- They should approximately represent a thermal replica of the motor,
they Must therefore have a current-time characteristic matching that
of the Motor, known as the tripping characteristic

d- They have to monitor the current in all circuits. Hence, to protect three-
Phase motor they must be triple-pole in design.

These requirements can be met by thermal over-current relays equipped with

bimetal elements. But the latter are not capable of interrupting short circuits.




A bimetal element consists of two layers of nickel-steel firmly (Lo L/ 14 4dlo)
rolled together. By adding different proportions(«—) of alloying elements to
these layers, it is possible to give them different coefficients of thermal
expansion. If a bimetal element is heated up directly or indirectly, the one
layer will try to expand more than the other. But since they are firmly joined
to each other, these results in the element becoming curved. If the one end of
the element is fixed, the other end performs a deflection. This deflection is

proportional to the temperature rise, i.e. to the actual temperature. The free

end exerts(JL9) a force which is utilized in the protective device to actuate a

contact.

The starters are used according to the purpose for which they are required. In
their catalogues the manufacturers state the permissible motor ratings for the
most frequent applications.

The simplest motor starters, such as are used on small machine tools, are
manually operated lever or cam switches . they are used as on/off, reversing
or pole-changing switches. Apart from motor starters for manual operation,
remote-controlled contactors are also used for switching. As protection
against short circuit, theses starters have fuses connected in series ; but for
certain setting ranges, stated in the catalogues, no fuses are needed.

Fuses, regardless of whether they blow quickly or slowly, are alone not
sufficient protection for a motor, but they are an excellent means of
protecting the wiring of an installation against short circuits because the
higher current, the faster they melt ( "blow" ) and thus reliably interrupt

heavy currents.




Therefore instead of fuses, circuit-breakers are used for heavy currents.
They have to be dimensioned not only for the continuous current, but also
according to the short — circuit current that may possibly occur in the

installation

Fig : 2

Motor starter with phase-failure relay and temperature compensation

A temperature-compensated motor starter ( see Fig: 2 ) is suitable for
starting industrial motors direct-on-line, i.e. for initiating rotation of the
rotor, accelerating it to its rated speed and then protecting the motor and
associated circuit against overloads which may occur in operation. The
starter has a switching mechanism, a bimetal release for over-current
tripping, a high-speed electromagnetic trip for short-circuit protection and a

phase-failure relay The tripping unit is interchangeable .




Low-voltage motor starters for up to 1000 V for starting direct-online, are
covered by IEC publication 947-4-1 , first edition (1990). The contents of
these IEC Publications were taken over in the European Standard

EN 60749-4-1.

In the international standard the motor starters are divided into Two
utilization categories as shown in Table (1) Each category is characterized by
the values of current and voltage, expressed as multiples of the rated
operating current and rated operating voltage and by values of the power
factor ( see Table 2 ),it also fulfils other conditions resulting from the

definitions of the rated making and breaking capacity. The requirements for

the utilization categories in Table (2) conform(39s5 s/ &Ly for the most-part

to those of the applications listed in Table (1).

The international standard also specifies values for the tripping (breaking)
times at definite over-currents, which have to be adhered to (&9 by releases
and relays at definite temperatures. Table (3) gives an overview of the
characteristic data for breaking. at A times of the value of the set current the
overload relay type 1, characterized by the assigned motor current

 (crre ne LY must not trip within 2 hours from the cold state. When the
current is subsequently( AL raised to B times of the set value, the relay must

trip within 2 hours.

At C times of the set current, the overload relay type 2, characterized by the
maximum tripping current, must not trip within 2 hours from the cold state.

When the current is subsequently raised to D times of the set value, the relay




Table (1)

Utilization
Category

AC-3 Cage induction motors — starting and switching off while running

AC -4 Cage induction motors — starting , joggingl) and —for starters with reversal — pluggingz)

Y Jogging (or inching) means energizing a motor briefly, once or repeatedly, to perform small movements of the

driven Mechanism

2 Plugging or reverse-current braking of a motor stopping a motor or reversing its direction rapidly by exchanging
the connections of two leads while the motor is running

Utilization categories for motor starters according to IEC Publication 947-4-1




Table (2)

Utilization
Category

Making

Breaking

I’

U

Cos ¢”

1

U,

Cos ¢”

AC-3 1,<100 A4
1>100 A

101,
81>

1.1U,
1.1U,

0.359
0.35

81,
617

1.1U,
1.1U,

0.359
0.35

Ac-4 1,<100A4
1>100A4

121,
101,

1.1U,
1.1U,

0.35%
0.35

101,
81>

1.1U,
1.1U,

0.359
0.35

"The making conditions are expressed as r.m.s. values, though, depending on the power factor of the circuit, the
peak value of the asymmetrical current during the first half-cycle following making may be appreciably higher
than the peak value of the steady-state current

“Tolerance for cos ¢ : + 0.05

Y With a minimum of 1000 A

Y With a minimum of 800 A

Y With a minimum of 1200 A

% But for values of I, not exceeding 17 A (I, < 174 ) , cos ¢ = 0.65

Rated making and breaking capacities of motor starters. Conditions for making and breaking corresponding to
the utilization categories ( as in IEC Publication 947-4-1)

I = Current made or broken 1, = Rated operating current

U = Voltage before make U. = Rated operating voltage

U, = Recovery voltage between the input terminals of the starter.

w.S




must trip within 2 hours. The values of the factors A, B, C and D for both

types of relay, with and without temperature compensation, can be found in

Table (3) .

If a motor has to accelerate large rotating masses, it is possible for a starter
complying with Table (2) to trip before the operating speed is reached. In this

case a relay with a saturable current transformer has to be used, the

characteristic of which exhibits(_s&) correspondingly longer tripping times in

the region of higher over currents.

When the motor is switched on at the least favourable instant
(Lize LBt 9, it is possible for a making current-known as (the inrush
current) — of 2.5 to 3 times the nominal starting current to flow for two to
three half — cycles ( see footnote below Table 2 ) Since high-speed short-
circuit releases already trip in the firs half-cycle, it is necessary to fit inrush-
proof releases to motor starters.

Motor starters which have only one thermal over-current trip have to be
augmented(2s_5) by h.b.c.(high breaking capacity) low-voltage fuses (fast or
slow) as protection against short circuits. For the assignment of fuses to
standard motors, see Table (4)

Large motor starters are equipped with thermal over-current releases and
high-speed electromagnetic trips. They can also be equipped with under-

voltage trips or series trips.

Series trips are used for remote operation by switches or by relays or

protective devices mounted outside the starter , as well as for interlocks in




Table ( 3 )

Type 1 Tvpe 2 Ambient temperature
Overload relay Ayp B pr D Reference value”

Not temperature-compensated 1.05 I, 1.2 I, 0.87 L., 11,

1.05 I, 1.2 I, 0.87 I, 1.05 I,
temperature-compensated 1.05 I, 1.3 I 0.87 It 1111, -5
11, 1.2 I, 0.87 Lo 11, +40

" The reference value for the ambient temperature may be a value between — 5 °C und + 40 °C ; preferred values are +
20 and +40°C

Set Value > rated value of motor

Characteristic data for opening thermal and magnetic inverse-time overload relays, all poles of which are equally
loaded according to IEC publication 497-4-1 .




Cage induction motors Wound-rotor motors”

Direct-on-line start” Star-delta start2)

Fuses Leads Fuses Leads Fuses Leads
Max.” A mm’ Cu | Max.” A mm’ Cu | Max.” A mm’ Cu
4 1.5
4 1.5
6 1.5
6 1.5
10 1.5
10 1.5
16 1.5
20 1.5
25 1.5
35 2.5
50 4
6
10 4
16 6
25 100 16 100
35 125 25 125
35 125 25 125
70 160 35 160
160 35 200
224 70 224
250 70 355 120
300 95 500 240
355 120 500 240
110 500 240 600 300
132 600 300 600 300

D Starting time < 5 s, starting current < 6 x Iy,max. 3 starts/h
? Starting time < 15 s, starting current <2 x Iy,max. 10 starts / h
3) The maximum fuse rating is limited by the release and conductor cross-section used

Table (4)
Assignment of fuse and leads to standard three-phase motors for connection to
220 V mains.
All values are approximate, and especially when dimensioning conductor cross-
section the length of the leads and the necessary load factors have to be taken
into account. In addition to fuses (slow) , thermal releases have to be provided as
overload protection .

wW.S




Table (5)

Cage induction motors Wound-rotor motors
Direct-on-line start” Star-delta start2)

2)

Fuses Leads Fuses Leads Fuses Leads
Max.” A | mm’ Cu | Max.” A mm’ Cu | Max.” A | mm’ Cu
2 1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2.5
4
6
10
100 16
125 25 100
125 25 100 100
160 35 125 125
224 70 125 200
224 70 160 200
224 70 200 224
355 120 224 250
110 425 150 250 300
132 500 240 300 300

D Starting time < 5 s, starting current < 6 x Iy,max. 3 starts/ h
? Starting time < 15 s, starting current <2 x Iy,max. 10 starts / h
3) The maximum fuse rating is limited by the release and conductor cross-section used

Assignment of fuse and leads to standard three-phase motors for connection to
380 V mains.

All values are approximate, and especially when dimensioning conductor cross-
section the length of the leads and the necessary load factors have to be taken
into account. In addition to fuses (slow) , thermal releases have to be provided as
overload protection .




Table (6 )

Cage induction motors Wound-rotor motors
Direct-on-line start” Star-delta start2)

2)

Fuses Leads Fuses Leads Fuses Leads
Max.” A | mm’ Cu | Max.” A mm’ Cu | Max.” A | mm’ Cu
2 1.5
1.5
1.5
1.5
1.5
1.5
6 1.5
10 1.5
10 1.5
16 1.5
20 1.5
25 1.5
35 2.5
50 4
63 6
80 10
100 16
125 25 100
125 25 100 125
160 35 125 125
224 70 125 160
224 70 160 200
224 70 200 224
110 224 70 200 224
132 335 120 224 250

D Starting time < 5 s, starting current < 6 x Iy,max. 3 starts/ h
? Starting time < 15 s, starting current <2 x Iy,max. 10 starts / h
Y The maximum fuse rating is limited by the release and conductor cross-section used

Assignment of fuse and leads to standard three-phase motors for connection to
500 V mains.

All values are approximate, and especially when dimensioning conductor cross-
section the length of the leads and the necessary load factors have to be taken
into account. In addition to fuses (slow) , thermal releases have to be provided as
overload protection .




the normally open circuit. Under voltage releases are used for interlocking in
normally closed circuit and are suitable for automatic disconnection of the
starter , so that following a supply failure, the drive dose not restart without

supervision when the voltage is restored .

A frequent cause of damage of three-phase motors is the interruption or
failure of a phase of the supply , resulting in the motor single-phasing. This
condition can also be caused by a fuse blowing, by an open-circuit in the
supply lead or a fault in the switchgear , and so on. When operating in this
manner the total losses of the motor rise considerably. If the thermal
overcurrent relay is installed in the mains leads to the motor , it will afford
adequate protection to a star-connected motor after the failure of the affected
phase, because the relay carries the same overcurrent as the overloaded

winding. However, if the motor is connected in delta, special measures have to

be taken to protect the windings, such as using an overcurrent relay with

phase-failure protection
Motor starters for use in potentially explosive atmospheres are designed to
the specifications of IEC publication 79. The switching space in the starter
has a flameproof enclosure and is sealed by an ignition barrier. The terminal
box has the same type of protection or, alternatively, the type of protection
increased safety. The leads are brought in through a screw gland or cable
end-box.

When selecting the starter for use with an explosion-protected motor with the
type of protection increased safety, attention must be paid to the locked-rotor

current shown on the rating plate of the motor. Reference should be

wW.S




made to the tripping characteristic of the starter to make sure that, in the
event of the rotor being blocked, the starter will trip within the time shown on

the test certificate for the motor ( time tr ).

THERMAL MOTOR PROTECTION

Protective devices which carry the motor current are not capable of reliably
protecting the motor under all operational circumstances, because a true
replica of the rise in temperature of the motor can not be obtained at
reasonable cost in a device located outside the motor. A built-in thermal
protection system can be an effective supplement to thermal overcurrent
relays and motor starters with bimetal elements. Such systems consist of a
temperature detector with abrupt( _/isi¥/ 114 ) characteristic change, i.e. it
changes its characteristic instantaneously at a preset temperature and is thus
suitable for initiating a switching function

In a control system or a control unit which converts the action of the detector
into a switching function. The requirements and possible applications for
temperature detectors and their associated control units are specified in IEC
publication 34-11 , First Edition (1978) , 34-11-2, First Edition (19584) and
34-11-3, First Edition (1984).

The thermal protection system protects motors with normal dimensions by
direct monitoring of the winding temperatures while utilizing the output of the
motor to the full during :

1- Heavy starting
2- Braking




3- Failure of a supply phase

4- Under voltage and over voltage

5- Very frequent switching

6- Obstructed cooling( v xill A g 4dlc/)

7- High ambient temperature [46].

Provided the right temperature detector is chosen and it is correctly set, it will
operate in sufficient time to ensure that the insulation of the stator winding of
a stator-critical machine is not harmed.

A machine is said to be stator-critical motor when the temperature of the
stator winding , even with locked rotor , rises faster to an inadmissible level
than the temperature of the rotor winding.

For direct monitoring of the winding temperature, it is desirable to
(8 o all e ) use temperature detectors with as short a time constant as
possible. It must be possible to embed them in the winding so that at normal
rates of temperature rise there is no temperature lag between the winding and
the detector. Owing to their bulk, detectors in the form of miniature bimetal

strips or discs can only perform their task under certain conditions.

If the size of such detectors is reduced, it becomes increasingly difficult to
ensure that the built-in control contact will operate reliably. For this reason it
is now usual to employ temperature detectors with a positive temperature

coefficient which, as can be seen in( fig 3 ) are little larger than a match (

—liiase ) | These are embedded in the motor winding and form part of the

energizing circuit of a relay housed in the control unit ( Fig 4 ). They follow




the change in temperature of the winding with only a slight lag , when it rises

rapidly .

Fig : 3
Temperature detector with positive temperature coefficient, with a match

for comparison of size.

L Auxiliary relay
= ™ control unit
.|

O 0

Ej Coil of protection device

Fig: 4
Circuit diagram of built-in thermal motor protection

wW.S




Above the Curie point( “ailas juxd aic piy i/ L] 49— 5 )pS4hii )
temperature detectors with negative temperature coefficient possess( /) a
very high temperature positive coefficient of the electric resistance

(Figh ).

The behaviour of the detector when a predetermined winding temperature is
exceeded corresponds to the function of a normally closed contact. As a result
and owing to the large increase in resistance , by at least one order of
magnitude for a rise in temperature of only a few Kelvin , small

electromagnetically actuated contactors can be tripped direct under

favourable circumstances (4 se <5 b-Jl /) when the detector is connected in

series with the actuating coil of the contactor. However, the usual practice is
for the detector to actuate a smaller relay which then can actuate a contactor

of any size and type.

Since in polyphase motors the detectors embedded in the individual phases of
the winding are connected in series , only two control leads are required
between the motor and the control unit or relay. The control unit monitors
itself with regard to open circuit because any increase in the resistance of the

control circuit results in a trip.

TEMPERATURE DETECTORS WITH POSITIVE
TEMPERATURE COEFFICIENT

(Fig. 5 ) shows the typical characteristic of a temperature detector ,
internationally standardized in IEC Publication 34-11-2. It is referred to as

Thermistor when it possesses the properties specified in the standard.

wW.S




Temperature detectors with a positive temperature coefficient possess an
abrupt( 22+ ylasil ) change characteristic, the resistance-temperature
characteristic of which covers a range in which a small increase in power
results in a considerable rise in resistance, as soon as the temperature
exceeds a predetermined value.

A tripping or control unit that exhibits the properties defined in the same
international standard, is referred to as a type thermistor control unit. It is
dimensioned so that the point of interruption is on the steep (/=Y 124) part
of the curve showing the rise in resistance. It enables the thermal protection
system to operate reliably when only one or two of the series detectors pass

through the range of the characteristic above the Curie point ( s_5S 1hii) .

This is of particular significance(4x4/) for the protective effect in the event of

interturn leakage in one phase, or during single-phasing of the machine owing
to the interruption of one phase or blowing of a fuse. The nominal operating
temperature of a detector ( known as T,, ) , ie. the position of the
ferroelectric Curie point at which the resistance characteristic begins to rise
Steeply ( 52— 31) can be selected within a wide temperature range, so that

detectors to protect the windings can be manufactured in any thermal class.




e N EE EEN mEm o ce e e s e
S S —— — — ————— ——— —— —
[FE——————————yeeyy ) kR R R

e —— e SER  — ——

8

Fig: 5

Typical characteristic of a thermistor (logarithmic scale)
Typical value =

Shaded area = tolerance limits

T, = nominal operating temperature




SELECTION AND INSTALLATION OF DETECTORS

Measurement of the temperature rise of an electrical machine by the
resistance method yields( ‘b siall Laiill xuaii) an average value for the whole
winding. However, inside the machine the heat transfer is not uniform. The
temperature at the point of installation of the detectors differs from the
average value. Also, for surface-cooled machines it is different from machines
with open-circuit cooling. Therefore, to determine which detector is suitable,
it is necessary, on completion( S/ — 5L ) of the endurance ( <Lis/
JLis Yl ) tests, to perform an overload test on the machine to be protected.
Since the detectors are embedded in the overhangs of the winding in the
course(ii b ) of manufacture, it is the responsibility of the manufacturer to
determine the nominal operating temperature of the detector from
measurements and knowledge of the power reserves of the type.

The detectors are embedded in the overhangs before the winding is
impregnated. When several detectors are installed — usually one detector is
provided per phase-they are connected in series. The ends of the leads of the
measuring circuit are then connected to two auxiliary terminals in the
terminal box.

As a check the total resistance of the measuring circuit can be determined
by connecting a measuring bridge to the auxiliary terminals. But the applied
voltage must not be more than 2.5 V. This means that a hand-driven generator

may not be used. ( b )y Use JLRY/ 6 akig Y )




(Fig. 7 ) illustrates the connection of the control unit to the mains and

temperature detector to the control unit. When it has interrupted, the

readiness( J=iwY ) of the protection to switch on again is reestablished,

depending on how the control unit is connected, either by automatic or
manual reset with the aid of one or more reset buttons arranged anywhere.
The unit can be reset as soon as the winding has reached the reset
temperature. The time to reach this value is primarily determined by the
thermal time constant of the winding. The reset temperature is 3 to 5K

"Kilvendegree " below the operating temperature of the detector.
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Fig: 7 B
(Fig. 7 A&B )
Circuit diagram of a motor drive equipped with a thermal protection system

A = Motor protection actuated by pushbutton (automatically
resetting the control unit)

B = Motor protection actuated by pushbutton (manual resetting
the control unit)

bl = Pushbutton off

b2 = Pushbutton on

b3 = Reset button

cl = Contactor

el = Main fuse

e2 = Control fuse

h1 = Indicator lamp Fault

m?2 = Protected motor

f1,2,3 = Temperature detectors

ul = Control unit

wW.S




LIMITS OF RUILT-IN THERMAL PROTECTION

Owing to the favourable time constants( ~2ke —iaj <l ) of temperature
detectors with positive temperature coefficient, they are able to follow
changes in the winding temperature very rapidly-provided they can be
embedded in moulded resin (see Fig. 8 ). Only in the very rare cases when the
winding temperature rises at an extremely high rate does the temperature lag

of the detector become inadmissibly large.

1{3{]|

grd

80

b 601
50 $——

4071

30 J
20

10¢

Fig. : 8
Temperature lag AQ of a temperature detector with positive temperature

coefficient compared with the surrounding winding in terms of the rate of

rise of the winding temperature .

In many cases brief rises of the winding temperature to 190°C, sometimes
w.S 76




In addition to a transformer and various small components, the control unit
contains a control relay energized by d.c., which trips the succeeding motor
contactor when the temperature at which the detector operates is exceeded.
The transformer is provided to galvanically separate the detector circuit from
the mains and thus from the electrical potential of the motor winding too. It
also reduces the mains voltages to the level at which the detector operates.
Energizing the control relay with d.c. facilitates(<>g—=) disconnection
without chatter even when the winding temperature rises slowly. The
smoothing capacitor overcomes brief drops or complete failure of the mains

voltage. (Fig : 6 ) shows a typical control unit.

Fig: 6

Control unit with screw terminals .




even to 210°C, can be tolerated without any significant reduction in the
service life of the winding. This means that three-phase motors with high
short-circuit current densities and consequently high rates of rise of the
temperature in the stator winding can still be protected by the built-in system,
even in the least favourable case ( locked rotor when the machine is cold).
Limitations have to be imposed( Lsssie ) , for instance with explosion-
protected machines with the type of protection increased safety, where it is
important to ensure that the highest admissible temperature is governed by the
thermal class for which the motor is certified.

In rotor-critical motors, in which the temperature of the rotor winding rises
faster to an inadmissible level than the stator winding, the temperature
detectors embedded in the overhangs of the stator winding are not capable to
protecting the machine under all circumstances( Js>¥l gmen 5 ) . It must
also be borne in mind that an unduly hot( ~Pk e (u3iwi) rotor can still heat
up inadmissibly when the stator winding has been disconnected, though the
rotor, on account of its temperature-resistant design, is not necessarily
hazarded. However, since the rapid rate of rise of the temperature in the rotor
occurs primarily when starting of the motor is unduly prolonged — ( Ub/

e e ) | or when the rotor is blocked, it is advisable( iue ) to protect

rotor-critical machines against such eventualities ( oda Jia

lainadl &IasY) by providing an additional means of monitoring the current

with respect to time.




Il - PROTECTION OF HV. "HIGH-VOLTAGE"
THREE-PHASE MOTORS

For the protection of high-voltage motors it is possible to use basically
similar devices, fed via instrument transformers, to those used for low-voltage
motors. For over-currents and overloads inverse-time relays can also be used
for h.v. motors. (Fig. 9 ) shows the circuit diagram of a simple protection

scheme for a high voltage motor.

With high-voltage motors larger, more expensive installations are generally

involved, where it is worth( << L) while to spend more on the protection of

the motors. Therefore protective devices for H.v. motors are only in rare cases
electromechanical; preference being given to static devices, often controlled
by microprocessor [47]. Such relays provide a large variety of functions, with
which not only electrical faults, such as short circuits and earth faults can be
detected, but also inadmissible operating conditions, like thermal overload or
too frequent switching. The detection of the fault or the recognition(_it<i) of
critical operating conditions is performed by evaluation the phase current in
the protected motor. The detecting conditions is performed by evaluating the

phase currents in the protected motor.




(Fig. 9 )

Circuit diagram of a simple protection system for a high-voltage motor
al = Main circuit-breaker

el = Over-current-time relay (short-circuit protection)

e2 =Thermal relay (overload protection)

e3 = Over-current-time relay (short-circuit protection)

fl = Current transformer

ml = Motor




The static, microprocessor-controlled motor protection relay illustrated in

(Fig. 10 ) can be substituted for several single, conventional( s+457) relays

and can protect h.v. motors against the following faults :

- Inter-phase short circuit and over-currents by determination of the
current with the highest value.

2- Earth faults by internal determination of the sum of the current or with an
1, current transformer " ring type”.

3- Unbalanced phase currents by evaluating the negative-sequence
component .

4- Low load by monitoring the minimum current

5- Overload by means of a thermal replica of the protected object with

complete memory function
6- Inadmissible stresses during run-up, e.g. unduly long run-up time
( U _pe 44y 4hy enil] 0 j L)) | locked rotor or too many starts.

It counts the hours run and also monitors itself, e.g. against component failure
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Fig : 10

Microprocessor-controlled static relay for protection of motors against
over-current and overload

In high-voltage installations it is often necessary to protect the motor
windings against over-voltage from the supply leads. In this case surge
arresters are connected in parallel with the input terminals and the neutral of
the stator winding on account of the limited space available.

Such arresters contain a non-linear, voltage-dependent resistor and a spark-
gap. They spark over when the voltage rises only slightly above its nominal
value, the voltage being limited the discharge resistance to a value
consistent( aawdis ) with the insulation level of the protected object.

(Fig. 11 ) shows the arrangement of such surge arresters. In order to reduce
the rate of rise of the over-voltage wave entering the machine, it is advisable
to connect a protective capacitor before the arrester, unless the motor is fed

by cable or transformer.
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(Fig. 11 )

Arrangement of surge arresters for motors connected to a supply line
A = Direct connection

B = Cable connection

C = Connection via transformer
I = Overhead line

II = Cable

III = Earth-wire

el = Normal arrester for the line
e2 =Arrester on the machine

e3 =Neutral arrester

K = Capacitor
INSUILATION DEFECT.

Insulation defects may occur in different parts of a machine. Generally the
following distinction( _iw<l) is made:
1- Earth faults between the winding and the frame or earth
2- Double earth fault involving two different phases.

3- Interturn leakage within a winding phase

wW.S




4- Winding fault between different winding phases.
To begin with a simple earth fault dose not harm the machine, which can

continue running. But a warning is necessary in order that the defect may be

rectified quickly, because every earth fault ultimately( | =3/) leads to a short-

circuit, which is a more serious fault. As a means of monitoring it is therefore
expedient( > o= ) to measure the insulation resistance continuously, or
instead, the fault voltage or fault current.

The other three types of insulation defect are accompanied by a short circuit
and thus by over-current with harmful effects on the windings.

Suitable methods of protection against short circuit between phases is the
installation of a differential relay. With the aid of current transformers the
phase currents before and after the motor winding are compared. This means
that the neutral of the stator winding has to be brought out and a double set of

current transformer is required.

WINDING TEMPERATURE RISE

Over-current protection only determines the temperature rise of a winding
directly. Therefore for low-voltage motors, in special cases, the temperature
of the winding is monitored with the aid of the thermal motor protection
system. Having regard to the higher voltage potential of high-voltage motors,
the temperature detectors needed cannot be incorporated in such motors. In
order to determine the highest temperature rise at the coils of the stator
winding of three-phase motors, it is necessary to install resistance

thermometers or thermocouples roughly at the mid-point of the iron length




In the stator slots. Such temperature-measuring devices are only used for

motors of very high rating. For machine rated about 5000 kw and upwards, as
well as for machine with an active iron length of 1 mt or more, a temperature
rise test with built-in temperature detectors has to be performed. Therefore

such motors always contain two elements in each phase.




Current transformers : Selection criteria

Table

‘Selection criteria for current transformers in terms of DIN VDE 0414

Application

Wound-primary c.t.'s from 1 to 100 A or window-type c.L.’s from 50 to 10 000 A

Highest
continuously
permissible
operating
voltage

This is the r.m.s. value of the highest voltage between the conductors (e.g. busbars) of a network.

The insulation of the c... must be rated for this voltage under normal operating conditions. Apart
from the explosion-proof and mining-purpose c.t.'s, the transformers offered are all suited for an
operational voltage of 800 V. Current transformers with 1200 V rated voltage are offered as special

design only.

Accuracy
class

Current error +0.5%

Class 0.5:  For billing purposes, accurate measurement
atl-1,and 1.2-1,

C.1's of this class may be certificd and
granted approvals,

Current error + 1%
at 1-1,and 1.2-/,

Class |1 Operational measurement, internal metering

Current error +3%
atl-J and 1.2-1,

Class 3 Rough measurement

Current error +5%
at1-J,and 1.2:1,

Although this class is included in the standard,
it is not commonly used in practice.
Rough measurement!

Class 5:

Class SP... and Class 10P... (please refer to Section 7.6.2.7 *“Current transformers for protection
purposes”, page 389).

Rated primary
current

Unless otherwise specified, current transformers and measuring instruments can be continuously
loaded with 1.2 times the rated primary current (/).

Rated primary currents in A:

5,10, 12.5, 15, 20, 25, 30, 40, 50, 60, 75 and the decadal multiples thereof.

In view of the window size, the rated primary current of the current transformer should correspond
to the rated current of the associated switching device(s). Taking into account that c.t.'s may be
continuously overloaded by a factor 1.2, the rated currents of switching devices correspond to

the standard rated primary currents of current transformers, The measuring range scales of instru-
ments with c.l. connections also correspond to these standard rated primary currents,

Secondary
current

| A (standard version) 5 A (special version)
The standard current transformer may also be used with long connecting cables or wires.

Rated power

The rated power of a current transformer is expressed in VA, The actual load, or burden, should
be nearly equal to the rated power, but never greater if the operating current is 1.2 times the
rated primary current of the c.l. At a frequency of 60 Hz, the rated power increases by the factor
1.2. At 162/, Hz, the power decreases to '/ of the 50 Hz rated value.

Rated over-
current factor

The overcurrent factor indicates that value of primary current, in multiples of the rated value,
which will cause the core of a measurement c.t. to become saturated, or alternatively the minimum
value at which the core of a c.t. for protection purposes may not saturate. It is, however, dependent
on the connected burden.

Measurement cores: Protection cores:

The rated overcurrent factor is indicated The rated overcurrent factor is indicated

by the letter M and a number, by means of a supplement to the class des-

e.g ignation,

M3orMI10 Class 5P...
— Overcurrent factor

Measurement core

i.e. at 5 or 10 times the rated current [, respectively,
the total error must be at least —15%
(protection for connected measuring instruments).

(Rated over-
e.g. 10 current factor)
Protection
Max. rated total error,
i.e. at 10-1, the total error may not be
more than — 5%

Rated thermal
short-time
current [y,

The thermal short-time current rating I,, is that maximum r.m.s. value of primary current which
can Nlow for one second duration, while the secondary winding of the c.t. is short-circuited, without
causing thermal damage to the current transformer (The values are given in corresponding tables).
In the case of 4NA and 4NC current transformers, [, =60-1,.

Rated dvnamic
current
Lyyn

The rated dynamic current /g, is the highest instantaneous value of the current after onset of

the short-circuit, the dynamic force of which the current transformer can withstand without being
damaged. It is quoted as a peak value. In the case of 4NA and 4NC current transformers,

ayn = 2.5 1 =150-1,.

is!)'n




ANSI Standard Device

Function Numbers

Table gives a list of American National Standards Institute (ANSI) standard device
function numbers.

TABLE FOR ANSI standard device function numbers

Device
Number

3 Checking or interlocking relay

4 Master contactor

21 Distance relay

24 Over fluxing ( Volts/Hertz )

25 Synchronizing or synchronization check relay
26 Thermal device

27 Under voltage relay

32 Directional power relay ( reverse power relay )
37 Under current or under power relay

40 Field failure relay

41 Field circuit breaker

43 Manual transfer or selector device

46 Reverse phase or phase balance current relay
47 Negative phase sequence voltage relay

49 Thermal relay

50 Instantaneous over current or rate of rise relay
51 Time delayed over current relay

52 Circuit breaker

Circuit breaker auxiliary switch Normally Open
Circuit breaker auxiliary switch Normally Closed
Power factor relay

Field application relay

Over voltage relay

Neutral displacement

Voltage or current balance relay

Time delay relay

Pressure relay for flow or level of liquid or gases
Earth fault relay

Number of starts

Directional over current relay

Blocking relay

Alarm relay

Function




Device
Number

Function

75

DC over current relay

78

Phase angle measurement relay or Out of step protective relay

79

Re-closing relay

81

Frequency relay

83

Automatic selective control or transfer relay

85

Carrier or pilot wire receive relay

86

Lock out relay

87

Differential relay

94

Auxiliary tripping relay (inter-trip)
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Symbols

Symbols

Definition

IN

Nominal CT Secondary current

1>

Over current

I1>>

Second Stage Over current or High set O/C/Inst

[>>>

Third Stage O/C or High Set

Io>

Earth Fault

tl or tlo

Time Out Applicable to all Stages

t>

Another Version of Time Out

oVAO

Thermal Trip

Ib 1.R

Locked Rotor

I<

Low Load

Ns

Speed

N

Number of Starts Hot or Cold

Id

Starting current

Relay Chosen current Setting

Over voltage } U can also represent Voltage

Under voltage } and Uo Phase to Earth Voltage

Thermal State

Zero Sequence Setting

Starting Time

Time Setting

Heating Time Constant

Cooling Time Constant

Current Setting

Rated Frequency

C.T. Ratio

Base Current

Directional Over current Fault

Over Frequency Timed

Second Stage Over Frequency Instantaneous

Phase Angle

Under frequency

Padding Resistor Setting

Time Setting Translay Milliseconds

Nominal Current Setting Multiplier
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