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Protection ANSI code

—_— Phase owvercurrent (1} 50/51
—3 Earth fault / Sensitive earth fault " SON/S1N
E0GEE1G
Breaker failure s50BF
Megative sequence / unbalance 48
— Thermal overload for cables A9RMS

Tharmal overload for machinas 7 4AgRMS

Therrmal overload for capacitors  49RMS

Capacitor bank unbalance 510C
Restricted earth fault s4REF
Two-winding transformer 87T
—> differential
Machine differantial 87 M
— Directional phase overcurrent ' &7
— Directicnal earth fault (17 STN/BTHNC
Directional active overpower 32pP
Directional reactive ovarpower 320
Directional active undarpowsar 37
Phase undercurraent 37
Excessive starting time, locked A48/51LR
rotor
Starts per hour (=153
Field loss {underimpedance]) ETs
Pole slip TEPS
Owverspeaed (2 set points) 2] 12
Undeaerspead (2 set points) &F 14
Voltage-restrained overcurrent 50W/E1W
Undeaerimpedance 21B
Inadvertent energization 50/27
Third harmonic undervoltage ¢ 2T THNE4G2
100 24 stator earth fault G405
Owverfluxing (VW 7 Hz) 24
Positive sequence undervoltage 270D
Remanent undervoltage 27R
>Ur‘|derw:nltage (L-L or L-IN} 27
Owervoltage (L-L or L-M) 5%
MNMeautral voltage displacemsant 52N
MNegative saquence overvoltage 47
)Dverfrequency g1H
Underfrequency s81L
Rate of change of frequancy g81R
Recloser (4 cyclas) (2) 7o
Thermostat 7/ Buchholz 12} 26/63
Tempeaerature monitoring 384971

{16 RTDs) @)

Synchro-check 4] 25
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Earthing

e |solated Neutral

* Earthed Neutral
Resistance Earthing
Reactance Earthing
Compensation reactance Earthing
Solidly Earthed Neutral
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Solidly Earthed Neutral
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Neutral not earthed

L Cannot detect a single earth fault by overcurrent unless a
second earth fault occurs on another phase. 7 fhase curent—>

Meutral current

- - - Earth path current
- I I
] H W e - -
- I : I ¥
11kV 415V f>< H(

Red phase is earthed - no current flows. Load ¥ |
Neutral Is raised to phase voltage above earth. ~—4—'J

Yellow and blue phases are at line voltage above
earth, but remain at phase voltage to neutral.

FAULT!

Shock hazard if person

Fire risk if grounding contact is loose - arcing - provides the earth
due to cable capacitance currents to earth. connection - capacitance

current.




Neutral earthed - EEBADS

- Fault current flows through the earth path - producing an
effective L-N short circuit. —— Phase current

— Neutral current
. - _ Earth path current

F'.—'_ H — -
E— :
11kV 415V - ?( 0
. Load v

The overcurrent protection ™. .. S
on the load circuit breaker _ —
will detect the fault current  Earth path ™.
if the loop impedance is impedance o

low enough to allow

sufficient current to flow. The loop impedance can be lowered by

including more conductors in the earth path -
e.g. cross bonding.



Broken neutral

m A serious problem:

L I T
1 ‘ — &‘”5”] -
(— 415V | 415V
_— el L T2
=22 | |
11kV 138V
Although the line voltages remain correct, Load a
the phase voltages (ph-n) vary widely. Z

The red yellow and blue voltages to neutral

will depend on the connected load quantity
and balance, but could approach line
voltage.

E

276V

27,

I 368V

Load b



Voltage

Power source

Transformer

11KV Generator neutral shall be high Transformer neutral shall be high
resistance earthed. Maximum resistance earthed. Maximum earth
earth fault current shall be limited | fault current shall be limited to 20A
to 20A per generator. per transformer.

6.6kV Generator neutral shall be high Transformer neutral shall be high
resistance earthed. Maximum resistance earthed. Maximum earth
earth fault current shall be linuted | fault shall be linuted to 20A per
to 20A per generator transformer.

690V Generator neutral shall be high Transformer neutral shall be high
resistance earthed. Maximum resistance earthed. Maximum earth
earth fault current shall be limuted | fault current shall be limited to
to 100A per generator. 100A per transformer.

400/230V Transformer neutrals shall be

TN systems solidly earthed.

230V UPS Isolated.

IT

DC.V Both poles 1solated. (1)
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1. Actuator lever - used to manually trip and
reset the circuit breaker.

2. Actuator mechanism - forces the contacts
together or apart.

3. Contacts - Allow current to flow when
touching and break the flow of current when
moved apart.

4. Terminals
5. Bimetallic strip
6. Calibration screw - allows the

manufacturer to precisely adjust the trip
current of the device after assembly.

7. Solenoid

8. Arc divider / extinguisher Photograph of the inside of a 10
amp thermal-magnetic circuit breaker.



Thermal protection-himetal

Arc chamber

Space for -
identification marker - Fixed contact

- DN rail holder



® Technical Data

55J4 Mini-Breaker
8]

Specilication
Tripping characteristic
Number of poles

1,2, 0r3
| _ VAC: 240 max. _
Rated voltage (UL489) VDC: 60 max. (1-Pole)/ 125 max. (2 & 3 Pole)
|[Operating voltage, min. V AC/DC: 24
|Rated Current 0.3t 63 A
|interrupting Rating (UL489) Type HSJ: V AC 240: 14 kA

AC: Max. RMS Symmetrical

Type NSJ: VAC 240: 10 kA
Type HSJ ENSJ: VDC6E0/125: 10 kA

Standards

UL 489, CSA CSA 22.2 No. 5-02, EN 60 898

Certifications

UL 488 Listed, Certified to Canadian Standards. File E24314

Degree of protection

IP 10 acc. to DIN EN 60 529; IP 40 when mounted on panels

Device depth 70 mm
|Mounting technique Standard 35 mm DIN rail
Terminals Identical screw terminals on both line and load sides

Terminal lightming torque

31 Ibs. in. (3.5 Nm)

14 -4 AWG (1.5- 25 mm")

Wire Size 80/75°C, Cu only
Iﬂmﬂﬁhnp

Length 05%9in. (15 mm)
Calibration base 40 "C (UL 489), 30 “C (EN 60 898)

Storage temperature

-40" to + 167°F (- 40" to +75°C)

|Resistance to vibration

60 mfs” at 10 Hz up to 150 Hz (60 068-2-6)




rated voltages of 400V or less, rated frequency of AC 50Hz /
60Hz, and rated current of 63A or less.

for equipment overload, short circuit protection and
infrequent transformation of circuits in illumination systems
and distribution

lines in office buildings, houses and other similar buildings.
accordance with the requirement of IEC60898, EN60898
standards

6KA &10KA breaking capacity.

Features:

1) Pole number: 1, 2, 3P

2) Rated voltage: 230 / 400V

3) Rated current: 6, 10, 16, 20, 25, 32, 40, 50, 63A

4) Tripping characteristic: B (3-5In), C (5-10In)

5) Rated short-circuit capacity: 4.5k A, 6k A, 10k A (Class 3)
6) Rail dimension: 35mm

7) Mechanical life: 20,000 cycles (on/off)
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Tripping Curve type K

Rate Breaking Capacity acc. tolEC 947-2(10kA)

Rate Breaking Capacity acc. tolEC 947-2(15kA)

 Rated Current | §u 1 pole {4 2 pole 11 3 pole
(Amp) | CatalogNo. | CatalogNo. | Catalog No.
0.5 $271 KO.5 $272K0.5 S273K0.5
1 | senik 5272 K1 S273 K1
1.6 §271K1.6 S272 K1.6 S273K1.6
2 S271 K2 S272 K2 $273 K2
3 S271 K3 S272 K3 S273 K3
4 5271 K4 S272 Ka 5273 K4
6 S271 K6 S272 K6 $273 K6
8 S271K8 | S272K8 S273 K8
B 10 $271 K10 5272 K10 5273 K10
13 $271 K13 $272 K13 S273 K13
16 S271K16 | S272K16 S273 K16
20 §271 K20 $272 K20 $273 K20
25 S271 K25 S272 K25 5273 K25
32 $271 K32 5272 K32 5273 K32
40 5271 K40 $272 K40 $273 K40
50, §271 K50 $272 K50 $273 K50
63 $271 K63 S272 K83 $273 K63

Rated Current | ju 1 pole iu 2pole | 1u 3 pole
(Amp) Catalog No. Catalog No. | Catalog No.
0.5 S281 K0.5 S282 K0.5 283 K0.5
1 $281 K1 $282 K1 283 K1
1.6 $281K1.6 $282 K1.6 5283 K1.6
2 $281 K2 S282 K2 $283 K2
3 $281 K3 $282 K3 $283 K3
4 $281 K4 282 K4 5263 K4
6 S281 K6 $282 K6 $283 K6
8 $281 K8 $282 K8 $283 K8
10 5281 K10 $282 K10 $283 K10
18 5281 K16 §282 K16 S283 K16
20 5281 K20 5282 K20 $283 K20
25 281 K25 5282 K25 $283 K25
32 5281 K32 5282 K32 $283 K32
40 5281 K40 $282 K40 $283 K40
50 S281 K50 S282 K50 $283 K50
63 S281 K63 5282 K63 5283 K63




Standards

Underwriters Laboratories (UL)
National Electrical Code (NEC)

IEC (International Electrotechnical
Commission)

CSA (Canadian Standards Association)
Canadian Electrical Code (CEC)
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ABB 1234567890
TPU 40.13
200-400/1/1 A 50 Hz
151182  5VAcl.05FS5
151183 10VAcl. 05FS5
25122 5VAcl. 5P15
251283  10VAcl. 5P15
12/28/75 kV 50(1s)/125 kA
2002 IEC 60044-1
Where:
1234567890 serial number
TPU 40.13 transformer type code
S50Hz rated frequency
200-400/11 A rated transformer ratio
1S1-1S2 terminal marking for core number 1, first tap
1S51-1S3 terminal marking for core number 1, second tap
5VA rated output (burden)
0.5, 5P accuracy classes
FS5 instrument security factor
12/28/75 kV highest voltage for equipment / power-frequency withstand
voltage / rated lightning-impulse voltage
IEC 60044-1 referred standard(s)
50(1s)/125kA rated short time thermal current (thermal time) / rated

dynamic current
2002 year of production
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Fig. 1. LPCT-type current Ssensors.

Example of measurement characteristics as per |[EC 60044-8
m Rated primary current Ipn = 100 A

m Rated extended primary current Ipe = 1250 A

m Secondary voltage Vsn = 22.5 mV

m Class 0.5;

O accuracy 0.5% from 100 A to 1250 A,

O accuracy 0.75% at 20 A,

O accuracy 1.5% at 5 A

Example of protection characteristics as per |[EC 60044-8
m Primary current lpn = 100 A

m Secondary voltage Vsn =22 .5 mV

m Class oF from 1.25 kA to 40 kA (g .2).



Applications Through Imax Excess through Comments
Imax
BB differential Switchboard real I, Switchboard L, Take real [ ifno
protection increase possible. Else
take I,
Motor differential Motor starting I 7 L, (motor) If you know neither the
protection otherwise starting I nor the motor [,
7xI (CT) take 7 x I, (CT)
Generator differential  Generator L, contribution 7 I, (generator) X" = generator
protection only, i.e. I (100 / X") otherwise subtransient reactance
7xI,(CT) as a %. If unknown, we
assume X" %> 15
i.e. 100115 =667
(7 is taken by excess)
Length {m) 5 10 20 50 100 200 400
Wiring losses (VA) for:
I.=1A 0.0 0.08 0.16 0.4 0.8 1.6 32
I=5A 1 2 4 10 20 40 ao
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Percentage voltage

Class (ratio) error Phase error
t Minutes
0,1 0,1 5
0,2 0,2 10
0,5 0,5 20
1,0 1,0 40
3,0 3,0 Mot specified




Recommended class of accuracy for different types ot meters

Application

Class of accuracy

B L I

Precision testing or as a standard

VT for the testing of other VTs
Meters of precision grade
Commercial and Industrial meters
Precision Industrial meters (Indicating
instruments, recorders and ¢lectronic
integrating meters)

General industrial measurements
(Indicating instruments and recorders)
Purposes where the ratio is of less
importance

0.1
0.5

1.0
0.2 or 0.5

l or 3
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e<U 35 na(Rated Voltage Factor) s 3ils ¢ ool 5l 5o o) Jlae) U 48 Cassl oy juia
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Table 2 - Standard values of rated voltage factors

Rated voltage factor Rated time Method of connecting the primary winding
and system earthing conditions
1,2 Continuous Between phases in any network
Between transformer star-point and earth in any network
1,2 Continuous Between phase and earth in an effectively earthed neutral system (2.1.25 a))
1,9 30s
12 Continuous | Between phase and earth in a non-effectively earthed neutral system (2.1.25 b))
19 30s with automatic earth-fault tripping
1,2 Continuous | Between phase and earth in an isolated neutral system (2.1.20) without automaitic
19 8 h earth-fault tripping or in a resonant earthed system (2.1.23) without automatic
' earth-fault tripping
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Measuring circuits
Rated voltage Uy

Rated frequency fy
Power consumption voltage path at 100V
Linearity range

Overload capability  voltage path
- thermal (rrm.8.)

voltage path 170 Vae

100 Vto 125 V (selectable)
50 Hz/60 Hz [selectable)

< 0.2 VA perinput

200V continuous

230V for<10s

Raled suniinry vollegs Uy Ui

‘ 24/48 iy ‘BO}HDMESVILJU‘ 220/250 Vdu

Prarrnitysibale veulaliony ‘IQ 58 Vile | 48 (o 130 Vie 178 [ a00 Vil
Qutput contacts
Output relays, number, tofal 6 (can be marshalled)
two-chanrel controlled and monitored command relays
(K1 and K2) 2 (can be marshalled)
Contacts perrelay K110 Kb 1NO

K6 1 NC or 1 NO (reconnectable)
Switching capacly  MAKE 1000 WVA

BREAK a0 WA
Switching voltage 25 V
Perrmissible current 5 Acontinuous

30 Afor05s

— Standard

Trem i g ke o

— 1851 VOnage
— Connection

— Transmission speed

— Protocol

RS 485

28kVde.

data cable at housing terminals, two data wires,
one frame reference, for connection of a

personal computer or converter RS485/fibre-optic;
core pairs with individual and common screening,
screen must be earthed at both sides;
characteristic impedance 120 ) (> 100 kHz)
capacitance per unit length <60 nk/km

Inanm rasistance ner unit !engl_h =160 Ok

Dop resislance paru LIl

major diametar > 0.53 mm

as deiivered 9600 Daud
min. 1200 Baud: max. 19200 Baud

acoording to IEC 608370-5-103

3.2 Undervoltage protection U< (Uy<, U;<™), Up<")

Setting ranges/steps
Undervoltage U< (U=, U=, Up=1h

Time delay T(U<, Uy<, U, <), T Up<

20 V1o 120 V (steps 1 V)

0.00 s to 60.00 s (steps 0.01 s)

for definite time characteristic and additional time delay or co

Time multiplier ™
for inverse time characteristic

0.10stc 5.00 s (steps 0.01 s)

Operating times

— pick-up time
— drop-off time

Reset ratic
undervoltage U< (U,<, U<, Up='H

Trip time characteristic
(refer to Figure 2.1)

approx. 50 ms
approx. 50 ms

approx. 1.05
B 1

t= 1—U - TM -+ Tup<

-
t tripping time
u voltage
U, setting value (address 1902),

valid for t —» oo

Ton time multiplier (Parameter 1903)
Tup= additional time delay (Param. 1804)

Tolerances
— voltage limit values U< (U,<, Uy <’} Up<1l)
— Inverse time characteristic

— delay times T TUp<

3 % of set valueor 1 VvV
3 % referred to U

1 % of set value or 10 ms
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Trip characteristic of the undervoltage protection
far setting value Up< = 75V, without additional delay time T Up< = 0)
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Relay Characteristic Equation (IEC 60255)
0. 74
Standard | nverse (SI) t=TM5 x [0
nE _
13.5
Very Inverse (V1] [ =TM5 =
.r,a - I
g0
Extremely Inverse (El] I =TMS x 7
2.
Lang tirme standard earth fault I =TMS x IIEG

[a): Relay characteristics to |EC 60255 }




Table of K values

s SIT VIT,.LTI  EIT uIT RI IEEEMI IEEEVI  IEEEEI  IACI IAC VI IAC EI
and IEC/A and IEC/B  and IEC/C {IEC/D)  (IEC/E) (IECIF)
1.0 — — — — 2.062 — — — £2.005 £2.272 200.226
11 247001 00,000 47142001 _ 2534 22 451 136228 330606 10.033 45678 122172
12 12.001 45.000 225000 545005  2.216 11.777 £5.300 157046  0.413 34 628 82800
15 5.798 18.000 70.200 170548 1.736 5.3% 23.470 55.701 3,801 17530 96.687
20 2,376 9.000 33.000 £7.601 1427 3152 10.100 23.421 2.524 7.032 16178
25 2,548 6.000 18.957 25400 1.200 2.402 £.133 13512 2.056 4676 0,566
3.0 2.121 4500 12.375 21.608 1212 2.016 4270 8.070 1.702 3.240 6.541
75 1.858 2.600 8,800 14,382 1161 1.777 3,242 6.465 1.617 2.500 4872
) 1676 3.000 5.600 10.160 1126 1.613 2.610 4.024 1.401 2.076 3,830
a5 1543 2.571 5143 7513 1104 1.4 2,104 2.003 1.306 1.800 3146
5.0 1441 2.250 4125 5.742 1.084 1.300 1.808 3.100 1.321 1610 2653
55 1.350 2.000 3.305 4507 1.065 1.325 1.686 2671 1.261 1.473 2288
6.0 1.202 1.800 2.820 3616 1.053 1.264 1526 2.281 1.211 1.370 2.007
65 1236 1.636 2.400 2.054 1.042 1.213 1.402 1.081 1170 1.280 1786
70 1188 1.500 2.063 2.450 1.033 1170 1.305 1744 1135 1.224 1.607
75 1146 1.385 1702 2.060 1.026 IREA 1.228 1555 1105 1171 1,460
8.0 1410 1.286 1.571 1.751 1.010 1.000 1.164 1.400 1.078 1.126 1.337
85 1.078 1.200 1,300 1504 1.013 1.070 1112 1273 1.055 1.087 1233
9.0 1.049 1125 1.238 1.303 1.008 1.084 1.068 1.166 1.035 1.054 1144
95 1.023 1.050 1100 1137 1.004 1.021 1.091 1.077 1.016 1.026 1.067
10.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10.5 0.070 0.047 0.006 0.885 0.006 0.081 0.073 0.034 0.085 0.077 0.041
11.0 0.050 0.000 0.825 0.787 0.003 0.063 0.050 0.877 0.072 0.057 0.888
115 0.041 0.857 0.754 0.704 0.000 0.047 0.020 0.828 0.060 0.030 0.841
12.0 0.025 0.818 0.602 0.633 0.088 0.0% 0.012 0.784 0.040 0.022 0.700
12.5 0.010 0.783 0.638 0572 0.085 0.018 0.806 0.746 0.038 0.007 0.761
13.0 0.805 0.750 0.590 0.518 0.083 0.005 0.882 0.712 0.020 0.803 0727
13.5 0.882 0.720 0.545 0.471 0.081 0.803 0.870 0.682 0.020 0.880 0.605
14.0 0.870 0.602 0.508 0.430 0.079 0.882 0.858 0.655 0.012 0.868 0.667
145 0.858 0.667 0.473 0.304 0.077 0.871 0.840 0.631 0.005 0.857 0.641
15.0 0.847 0.643 0.442 0.362 0.076 0.861 0.840 0.600 0.808 0.846 0616
15.5 0.836 0.621 0.444 0.334 0.074 0.852 0.831 0.580 0.801 0.837 0.504
16.0 0.827 0.600 0.208 0.308 0.073 0.843 0.824 0.571 0.885 0.828 0573
16.5 0.817 0.581 0.365 0.285 0.071 0.834 0.817 0.555 0.870 0.810 0554
17.0 0.808 0.563 0.244 0.265 0.070 0.826 0.811 0.540 0.874 0.811 0.536
175 0.800 0.545 0.224 0.246 0.060 0.810 0.806 0.527 0.860 0.804 0510
5 18.0 0.702 0.520 0.307 0.220 0.068 0.812 0.801 0514 0.864 0.797 0.504
g 18.5 0.784 0.514 0.290 0.214 0.067 0.805 0.796 0.503 0.860 0.790 0.480
g 19.0 0.777 0.500 0.275 0.200 0.066 0.708 0.702 0.402 0.855 0.794 0.475
S 19.5 0.770 0.486 0.261 0.198 0.065 0.7 0.798 0.482 0.851 0778 0.463
20.0 0.763 0.474 0.248 0176 0.064 0.788 0.784 0.473 0.848 0772 0.450

(1) Values suitable only forlEC A, B and C curves.




0oy vesao s Iy s Aasive Awlio

200.0
|1
100.0 \
1I|'|
'|III
Y
oo
T
-—E- Stamdard
u T
— .
\ A
% . Wery inverse [VI)
x A
1.0 I
k) E:-u;tr*em-ril'y]
1 Ime |
I'|. \"'\'\-"\-qtlu F

— ..I 1
E 2 ﬂﬂfﬁh{l
g 0.1
[¢) oo faao I, 000
a Current {amps]




Relay setting

ubm*b“sub?n*‘“@
)é w‘ Q)Mub}’)‘éﬂ)ér’bé@'s»’d;é;ﬂ&ﬁtb
P GOS0 Kev Pad:‘wsﬂ“’ °9> 9)):;-" :e;:’bﬁnssés:"‘usﬂjig
o0 gW (P P VY gogw (o
U:«ss:w“ub;’)‘éwﬁ'-’ﬁ“ts# WﬁW‘u‘Mu“P@

Mb ub; é 200 9175 ¢125¢100¢75 ¢50 Jb.o u‘,ﬂ O]
5:1.\.:1,4» Mﬁa v (0 mdd (b 52> wlo d,éﬁmuk,
p—hdw}o‘)ult W‘WW&DMQ &S Sl

o g5 (0 TI\/IS) 3o
10::1,:;8 :y@c,:lb'Ol,ﬂbJMS mg

O i) (o U 2> S G151 4wl Sy @l TMS 299 99

)-d“‘u‘-“) O geioS (0 0.1 59y 51 oS5 539 S e‘&‘g°ﬂ°‘

FEL



0l DMITS y1i i

: &

o,

=]
=]
=
=
A
]
[ ]
=
=
h
bl —
=

J Figure No.

Help

w

iewy

v

Edit

D=E=EdES M A A, B2

File

-,

00 [ 0
Lo - s

LOy =f 07 )
[ - - s

FHi-
[

QU [N | | NP I RN

Lol LlL_

flset




Coordination of over Current Relay

(Sl Jld 9590 b AF 5 (Kdlod g mdined (5199 3939 190

g g i ol Lo g E9) 45 O WD i (A ST 410 g0d-
w3 i 1, B CT g il

PU U g pd e 3 i (51 ol dod yuitutuno!-

B> blwg 3 99y o JURSI a5 06 oS JLadl b 9> Jolus g w510
NS ygals

oo 9 S 3101 01y o) ¢ 5310l of y b 9> polie-



Over Current W 41 Sdalad bl (il g8

Wil oyl 8 5Shos gl adduivo b b &y Ko w> b-

G119 Qe 3 dad y (3 gt 90 45 3 55 Joolo bl WL
Cmid Sl dad y (U0 32 S 1 30 U 190 S 52 el
wly 3 g5 g

Ol 210> &5 Wigw (oo il 1 W95 4 ful ,o by o
Ao ittt o 102> A5 1 00 (sl § (9 Jh0S 50 1 Las
=0 4313 3 > (b > (3 oS 50 3 Shos 1 T (o

ég.w"'
.
—
= =
c
s w
= -

5 o
2
[e]
o




SSodlod slgwg

11° 11° *
Z;; =024 Q Z  =—=093Q Z,=007(—)=2.12Q u* ”I’ __‘
JH § Max — 13() r ( 4 ) ) o)é ¢
Z,.=0.04 Q 55‘ rd .
11

=0.485

250MVAG 130MVA s = 550 sb? 6 L O o)é_v °
1100y 1100y e ©
]jh=%=8800/1 1=Z—\/§=68OOA . b . uo ’ Py r S
S Min JH S Max u “R u ) s ﬁ

110%
I, = 3 =2200"

¢ ZS Min +ZjH +ZHT +ZT
J H G
2200x1.3=28 0A

K
1.45 1.05 0.65 0.25 11000
x iﬂ"i b4 *® I= Z/\/gZ =8300"
+ H H

L

ZS Min T

1 100y
F I= V3 =5250"
S Max + ZfH + ZHT

F500MVA 1 S40MVA 123M VA 8. TMVA 35, TMVA

200A

500/5A 250/5A 4 MVA
1173 3KV

%
1KY : 33KV

x
150/1A
K J H G

b
SOOVTA

132KV
L



9l 2 9 b)) wad ¥ lawgi G 4> 40

> 38 93 39 o (Wlao 1,10 U 2> g o g 90
39 PNt sldllas &5 Cunl (9 (Wl wus ( Sloy s
S (S 42 30 160 S g Wgw (50 S 3b 33 (g ik oy
P g ppgeve| KWV JUW (g RSO JAp | T JgYCIR - V-L L g Y

e 0O BB (8410 992 g

IDMT s 45 31 ool isloy g Ob 22 S 35 gy 39 O
o (v eso ylo y Over Current gl dJ4) El g VI ¢d yinilinf
355 Sbul |y 5 pe o (Fidlod gl (o0 &5 Wil (o0 Sk



Over Current g & y 4 3> padaid
Al g b Ol 2 ST b A,y b
A Jos wls dy (SS90 4L BLO Wl g b 40
b (Back Up iud,y olgmit 3 Shdg 15 ol & ofins il

oligS JUail b 1o JB1a 31 b g S ol (998 1 5yl
W S iy glone L

S gmuis 4D 5 323 90 WL 38 gD Cuoglio ¢ ILail (b > Amilno sl 2
Pl Ao 3 g &5 Canl (3 o 85 9 (29585 S gy 3 S
S (o i 1y oyl oligS Jlail (yb 4o

Sgw olbit 8 jShos )10 & gw Sl 3b Il oy b 2 S P Wb A,



Over Current b &, JSboy padas

Al B




CTIl

5t AelS’ B g a1 32> @S (13 p3Y Oloy 20lS @8 lo
= 9 OMs (539 gl oy g0 SO 4O bofeiiily (0100mMs faw gio
il (o oS

Ol &y SN S > 4 by o o

BCT gl a,: blks .V

ol dold .

Lo 09 gm0 Lol bl (0 438 5" 805 40 0.5 Sec a4l slgflw 4o CTI

39 g ol Jgino 0.4 Sec @0 sbd piwuw 40 35 30 (5398 9T CO g
ccwl Jgd JIB 3 poS (Jloj Aol (Jo> gy Tl gw



S Jy plaid 31  Jloover current

1395)_1
100

).2 2+0.4=0. 2S
0.662= xLog%s)'l xX(TM9j =>TMS=0.18¢

t,(I, =1395") =3(Log x0.1=0.262°

oA

SRIN0Ma, l 1 B t,(1, =26904) =3(Log

269%_1 x(.186=0.494
081 OHMS 2 11KV 200

0.494 + 0.4 = 0.894 Sec

| 1,(1, =26904) =3(L0g%%’1 x(TMS) =0.894

| (M9, =0218
! B _ 4500)_1 _
— 1,(I, =45004) =3(Log 500 x0.218=0.684’

0.684 +0.4=1.084°

4500 |,
1.084 =3(Log ——)' x(TMS
(Log =) * (TMS )

(TMS ), =0.316 S



S A0 Sdos 5 dasine

o Jbo

0.“'
* *

*

HAd=d =k H4l= 4 =I=

R e N L B e

Lo_L1L_J__1_2
1

-l =k A== kAR A=HAA =H A =4 = A H +I=

80000

10000

2690 4500
I1f(A)

13585

400 &00

200

100

Jru3iamod

WINIHIMOd

o~



PowerEn.ir

]

[]

N

]

_y o

]

- L

o

= []

[




Source

R, R,
{”\.if"“‘al (’““T"“\i .
i |
_
I= '_;‘_
=
o Load
Fault
R, R,
< r\]/“\] fY\ )
I |
_
I= i
I=

2.1 1.7 1.3 0.9 0.5 oI
b R N R
\ ! v " a ra ¥
e 6’ 5" Fa 3" 2° i’

0.1 0.5 0.9 1.3 L7 2.1
= | =1 =] =] = N
; 2 3 4 5 6 |



Jﬂy&u}

la cullé ¢ ) g
A ol 8 sl b S S
ESPr
Power Supply
RENE
Bl Over Current ¢sd 48 S ) gise el )53 ) Giw Alsi S1:0.L
Al e s el 5 @bl Gl Gy 5 381

o) ) ) L2 :Excessive Starting Time and Frequency Of Starts
O 4 A oS (Al ) e 48 250 e ) (520 Gl (s

S s dsh ) siga Sl

390 (Y sh ) gige Cliul Glay a5 Gl saly) Clada Hgige S
L AS pad 2l g ol ) Gl Ol HJAES 4 Hsise IS ol U ey
RN eS



: Blocking
J}u (50 Jad GA\.@S/\A Q‘JJJ wJ.'m)g e.a.n.\.\\SA Pr I3 Q_A&J
Aile (oo (AL Jha 3y 5 A8 e SLG Gha )i

o O e g ag Led (Bl 33 53 8 a3 & sea Ventilation
X

PowerEn.ir



Power Supply Faults:
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: Unbalance
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: Motor Internal Fault
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Over Current Protection (51) IDMT (49RMS) : OL -
Thermal Over Load :

O Gilan Lad il d) ) Chladlsa o
(49T) RTD Temperature Monitoring

Example: Motor and current transformer with the following data:

Permissible Continuous Current: Imax prim= 1-2 - Iy
Motor Nominal Current In Motor = 1100 A
Current Transformer Ratio 1200 A/ A

1100 A _

S - = 12. — =
etthe 49 K-FACTOR 1.2 900 A

1.1
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Example:

Cable and current transformer with the following data:
Continuous permissible current Imax = 500 A @ 40 °C
Maximum current for 1 sec l1g =49 " Imax = 22.5 kKA
Current transformer GODA/TA

The k factor and time constant are calculated as follows:

' 500 A
_ ‘max _ _
k = Iy _ 600A 0.833
I -2
. 1 .(s) = 1 452 = 33.75 min

min = 50 '\~ 80



Excessive starting Time and Locked Rotor
Locked Rotor <! _» (48-51LR)

J) S ik (55948 Instantaneous Current <b )l
o) 2 Skee laj 4y 5298 o aalat Starting Ol
Al o« 4dlaal Start gl

T =a few Sec +
Successive Start

A0 S Ll G ey s cjliad slasd 4y ()



Overload Relay Class Time Delay

American industry has standardized on Class 20 overload protection
for motor control. The Europeans have standardized on Class 10.

Class 20 will give a nominal 590 second trip (9.83 minutes) at an
overload of 125% of full load amps, a 29 second trip at a 500% overload,
and a 20 second trip ata 00% overload. Thus, a motor that is stalled and
drawing locked rotor amperage will be taken off line in 20 to 29 seconds.
However, a motor that draws a continuous locked rotor current can be
expected to burn out before 20 seconds.

Class 10 will give a nominal 230 second trip (3.83 minutes) at 125%
overload, 15 seconds at 500% overload, and 10 seconds at 00% overload.

Class 30 has a longer time delay to be used on high inertia loads that
require a long acceleration or have shock loading that causes repetitive
motor inrush.



. Loss Of Load

) Definite Time Under Current 41 <l 4l 52 (37)
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. Loss Of Supply
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. Voltage Sag
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. Re Supply
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. Phase to Phase S.C
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Fig. 1. Phase-to-phase short-circuit Autodifferential overcurrent protection (ANSI 51)

Differential pratection (ANS! 870M)
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CONDITIONS EFFECTS PROTECTION
This condition may cause the motor to Low voltage detection relay that would
labour or stop and thus cause overheating. |disconnect the motor from the faulty supply and
Low Voltage

This would result in deterioration of motor
life or burn out of the motor.

enable the supply to be restored when voltage
conditions return to normal.

Reclosing of supply shortly after
initial loss of electricity.

This condition may be specially dangerous
to motors driving compressor loads as re-
energizing the motor under heavy load
could cause overheating resulting in
deterioration of motor life or burn out.

Time relay that would prevent the re-
energization of the motor even though the
supply of electricity is available. This relay must
be timed to ensure return to acceptable
compressor conditions before restarting can be
done.

Unbalanced voltages

This condition causes temperature
increases in the motor windings which
result in deterioration of motor life and also
a waste of energy.

Three phase unbalance relay (negative phase
sequence relay) to disconnect supply. Setting
of this relay may require professional advice.

Single Phasing (loss of supply
on one phase)

This is the worst condition of phase
unbalance. It may occur when protective
fuses are blown. Again this condition will
result in overheating and subsequent
deterioration of motor life. If undetected for
too long it will most likely cause burn out.

Loss of phase relay to disconnect supply until
conditions are returned to normal.

Phase Reversal

This condition will cause motors to rotate in
the opposite direction and may cause injury
to operational personnel and damage to
equipment.

Phase reversal relay to disconnect supply on
detection of condition.

Excessive current in circuit resulting in

Overload relay to alarm or to disconnect the

Oveptpading overheating and deterioration of machine [supply until conditions can be returned to
, . life. normal.
) g & This condition occurs when the motor

stalllpg 3 cannot drive its connected load. Excessive Stalling relay to disconnect supply.

heating again occurs causing machine life
deterioration and/or burn out.




Faults Appropriate protection function ANSI code Setting information
Faults related to the driven loads

Overloads IDMT overcurrent 50/51 Setting that enables starting
Thermal overlicad 49RMS According to motor operating characteristics
(time constant in the range of 10 to 20 minuies)
RTDs 49T Depends on the thermal class of the motor
Excessive Delayed current threshold 48 Threshold in the 2.5 In range
starting time Delay: starting time + a few seconds
Locked rotor Delayed current threshold 51LR Threshold: 2.5 In
Delay: 0.5 to 1 second
Successive Counting of number of staris 66 According to motor manufacturer
starts
Loss of load Phase undercurrent 37 Threshold in the range of 70% of drawn current
Delay: 1 second
Speed variation @ Mechanical detection of overspeed, 12, 14 Threshold + 5% of rated speed
underspeed Delay of a few seconds
Power supply faults
Loss of supply | Directional active overpower 32P Threshold 5% of Sn
Delay: 1 second
Voltage sag Positive sequence undervoltage 27D Threshold from 0.75 to 0.80 Un
Delay in the 1 second range
Unbalance Megative sequence / unbalance 46 m Definite time

Is1 = 20% In, delay = starting time + a few seconds
Is2 = 40% In, delay 0.5 seconds

m IDMT

Is = 10% In, tripping time at 0.3 In > starting time
Rotation Phase rotation direction 47 Megative sequence voltage threshold at 40% of Un
direction
Resupply Remanent undervoltage 2TR Threshold < 20 to 25% of Un

Delay in the 0.1 second range
Internal motor faults

Phase-to-phase | Fuses Rating that allows consecutive starts
short circuits Definite time overcurrent 50/51 Threshold = 1.2 starting 1, delay in the 0_1 second range (DT)
Differential protection BTM Slope 50%, threshold 5 to 15% of In, no delay
Stator frame Earthed Earth fault 51N/51G 10% of maximum earth fault current
fault neutral Delay in the 0.1 second range (DT)
Isolated Power systerm with 59N Threshold = 30% of vWn
neutral fow capacitance
Meutral voltage displacement
High capacitance 67N Minimum threshold according to sensor
Directional earth fault
Rotor frame Insulation monitoring device
fault
Overheating of | Temperature measurement 38 According to manufacturer's instructions
bearings
Specific synchronous motor faults
Field loss Directional reactive overpower 320 Threshold 30% of Sn
Delay: 1 second
Underimpedance 40 Same as for generator

Pole slip Loss of synchronization T8PS Same as for generator




DESS302

Y 46

A 48 - 51LR

- 49RMS
66

Asynchronous motor controlled by fuse
and contactor
Exampie: 100 kW pump

R = bt LA

X
\ -
()
| _.I
.

=
hs

7D
Y 7R
- A6
- 48 - 51LR
A9RMS
a1
516G
GB6E
67N

Asynchronous motor controlled by circuit
breaker
Example: 250 KW fan
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27D 12
27R 12
J2P 27D
320 27TR
40 46
46 48 - 51LR
48 - 51LR 49RMS
43RMS .
. 66 ’
51105 ulw}
78PS
87M

Motor-transformer unit: asynchronous
Priority synchronous motor motor/transformer
Example: 2 MW compressor Example: 1 MW crusher
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QU DEVICE PROTECTION |

= 37 Undercurrent/minimum load
@ 38 Motor/load bearing overtemperature
3 PHASE 16 Unbalance
4160y BUS 48 Locked rotor
@UNDEHGURHEHT 49 Stator winding overtemperature
FUSED 50 Phase short circuit
CONTACTOR ‘THIP @ UNBALANCE @ 5 Timed overload
TRIP I 50G/50N Ground fault instantaneous or
@LI}EI{ED ROTOR RELAY T definite time
IL! Alarm relay
HASE CTe Ostorr creur W TS R TR
RELAY T PROCESS 9% Trip relay
@TlMED OVERLOAD ALARM
GROUND FAULT/
cr ™) INSTANTANEQUS  AUXILIARY L= ENGRYPRI]
THERMISTOR/ GROUND FAULT CEEVRR S T PROCESS

CONTROL

STATOR RTD
STATOR OVER
BEARING TEMPERATURE SR T maRH

ALARM
@BEAMNG OVER
TEMPERATURE RS485 RS485 REMOTE

COMMUNICATION

819763AF.CDR



ZERO SEQUENCE GROUND CONNECTION

7 8). THE STARTER AUMNILIARY B CONTACT
e SHOULD BE CONNECTED ACROSS
TERMINALS (44 & 45).
[PHASE A /T | [ PHASE B /T | [ PHASE C /T | [ GROUND /T LHUESEEER%EELESHE"[?'?‘g DOE]TEPhSMWE
[ 1A [com[ 5A | [ 1A [com] 5A | [ 1A [com]| 5A | [ [com| 5A THE STATUS OF THE STARTER
|33 82181 goj79178 1774767517473 72
| I I |
L L
; —
A —o—{— . LL / _-—-_\
~ L PHASE A CT ; .
>—‘ A B "s—c:>—| |—<: = LLJ '. MOTOR |
PHASE B CT /
L3
C oo = LL \\ L
PHASE © CT
RESIDUAL GROUND CONNECTION 06856582.DWG
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| START
L L ) i

DETECTION u u D
BLOCK i
START
o SPEED DEVICE 0
INPUTS
369
RTDs "“m“ ==l Motor Management
— i Relay®
Al DIFFERENTIAL _@
q I I RELAY CONTACTS
BEARING
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[Fiber Optic
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R5232
RS5485
RS485
RS485
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DEVICE PROTECTION

14
27/59
37
38
46
47
49
a0

a0G/516G

91
29
66

81
86
87

speed switch
Undervoltage/Overvoltage
Undercurrent/Underpower
Bearing RTD

Current Unbalance

Phase Reversal

stator RTD

Short circuit and short circuit
backup

Ground overcurrent and
ground overcurrent backup
Overload

Power factor

Starts/hour and time between
starts

Frequency
Overload lockout
Differential
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Fig. 1 Fig. 2

Fauwit current according to the position of the fault in the winding.
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Fig. 3. Transformer tank frame fault protection.
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Fig. 4. Earth fault protection.
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Fig. 5. Restricted earth fault
protection.
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Fig. 7. Neutral voliage
displacement protection.
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Fig. 6. Neutral point earth

protection.
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Faults
Overloads

Short-circuits

Earth faults

Overfluxing

Appropriate protection function ANSI code Setting information
Dielectric temperature monitoring 26 Alarm at 95°C; tripping at 100°C
(transformers with liguid insulation)
Winding temperature monitoring 49T Alarm at 150°C; tripping at 160°C
(dry type transformers)
Thermal overload 49 RMS Alarm threshold = 100% of thermal capacity used
Tripping threshold = 120% of thermal capacity used
Time constant in the 10 to 30 minute range
Low voltage circuit breaker Threshaold = In
Fuses Choice of rating according to appropriate method for switchgear concerned
Instantaneous overcurrent 50 High threshold = downstream Isc
Definite time overcurrent 51 Low threshold < 5 In
Delay = downstream T + 0.3 seconds
IDMT overcurrent 51 IDMT low threshold, selective with downstream, approximately 3 In
Percentage-based differential 87T Slope = 15% + setting range
Min. threshold 30%
Buchholz or gas and pressure detection 63 logic
Tank frame overcurrent 511G Threshold = 20 A, delay 0.1 seconds
Earth fault 51N/S1G Threshold < 20% of maximum earth fault current and = 10% of CT rating
(with 3CTs and H2 restraint)
Delay 0.1 seconds if earthing is on the power system
Time delay according to discrimination if earthing is on the transformer
Restricted earth fault differential 64REF Threshold 10% of In, no delay
Neutral point earth fault 51G Threshold = permanent limitation resistance current
Neutral voltage displacement 59N Threshold approximately 10% of residual overvoltage
Flux control 24 Threshold = 1.05 Unffn

Delay: constant time, 1 hour
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Low rated HWLV transformer
Fuse protection
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Fig. 1. Phase-to-phase short-circuit
Differential protection (ANSI 87M)
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Fig. 2. Phase-to-phase short-circuit.
Autodifferential overcurrent protection (ANSI 51)
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Table 3. Motor rating and degree of protection (IP) according to IEC 34-5.

Motor type |Nominal voltage |Rated output |Ex protection (4) |Insulation class |Enclosure

LV 400V a.c. (3)  |<200kW e.n, d/e (1) F IP55 (2)

LV 690V a.c. < 400kW e, n, dle (1) F IP55(2)

HV 6.6kV a.c. =300kW  [p. d/e (1) F IPS5 (2)
11kV a.c. = 400kW
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Table 4. Generator protection

Protective function

Trip generator
breaker

Trip exitation
breaker

PDCS and generator
control alarms

Differential protection (2)

Overload and shortcireuit

Earth fault

AVR fault (3)

slisitsils

X
X
X
X

Stator RTD. temp. high

Stator RTD, temp. hv/hi

Rotor earth fault

Directional earth fault (1)

Overvoltage

slls

Undervoltage

Reverse active power (1)

Reverse reactive power

(1

Negative phase sequence

A R A A A

iRtz isitstsdisitEis




Table 5. Emergency generator protection

Emergency mode Test mode

Protective Function Trip PDCS Trip PDCS
generator and generator generator and generator
breaker control alarms breaker control alarms

Short circuit X X X X

Overcurrent X X X

Earth fault X X X

Stator RTD. temp.high X X

Stator RTD. temp. hi/li X X X

Reverse active power (1) X X X X




Faults Appropriate protection function ANSI code Setting information
Faults related to the driven loads
Overloads IDMT overcurrent 50/51 Setting that enables starting
Thermal overload A9RMS According to motor operating characteristics
(time constant in the range of 10 to 20 minutes)
RTDs 49T Depends on the thermal class of the motor
Excessive Delayed current threshold 48 Threshold in the 2.5 In range
starting time Delay: starting time + a few seconds
Locked rotor Delayed current threshold 51LR Threshold: 2.5 In
Delay: 0.5 to 1 second
Successive Counting of number of starts 66 According to motor manufacturer
starts
Loss of load Phase undercurrent 37 Thresheold in the range of 70% of drawn current
Delay: 1 second
Speed variation = Mechanical detection of overspeed, 12, 14 Threshold + 5% of rated speed
underspeed Delay of a few seconds
Power supply faults
Loss of supply @ Directional active overpower 32P Threshold 5% of Sn
Delay: 1 second
Voltage sag Positive sequence undervcltage 27D Threshold from 0.75 to 0.80 Un
Delay in the 1 second range
Unbalance Megative sequence / unbalance 46 m Definite time
I=1 = 20% In, delay = starting time + a few seconds
1s2 = 40% In, delay 0.5 seconds
m IDMT
Is = 10% In, tripping time at 0.3 In > starting time
Rotation Fhase rotation direction 47 Megative sequence voltage threshold at 40% of Un
direction
Resupply Remanent undervoltage 27TR Threshold < 20 to 25% of Un
Delay in the 0.1 second range
Internal motor faults
Phase-to-phase | Fuses Rating that allows consecutive starts
short circuits Definite time overcurrent 50/51 Threshold = 1.2 starting I, delay in the 0.1 second range (DT)
Differential protection 87TM Slope 50%, threshold 5 to 15% of In, no delay
Stator frame Earthed Earth fault S51N/IB1G 10% of maximum earth fault current
fault neutral Delay in the 0.1 second range (DT)
Isolated Power sysfem with 59N Threshold = 30% of Yn
neutral low capacitance
Meutral voltage displacement
High capacitance 67N Minimum threshold according to sensor
Directional earth fault
Rotor frame Insulation monitoring device
fault
Overheating of Temperature measurement 38 According to manufacturers instructions
bearings
Specific synchronous motor faults
Field loss Directional reactive overpower 320 Threshold 30% of Sn
Delay: 1 second
Underimpedance 40 Same as for generator
Pole =slip Loss of synchronization T8PS Same as for generator

Vs
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Asynchronous motor controlled by fuse
and contactor
Example: 100 kW pump
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Asynchronous motor controlled by circuit
breaker
Example: 250 KW fan
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o Motor-transformer unit: asynchronous
Priority synchronous motor motoritransformer
Exampie: 2 MW compressor Example: 1 MW crusher
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