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POO 

Generator Protection Against 
Unbalanced Fault Currents 

The COO relay is designed to protect 
turbine or engine driven generators from 
damage due to thermal heating caused by 
negative sequence currents which flow 
during unbalanced faults on the power on 
the power system. These negative sequence 
currents, in turn, induce 120-hertz rotor 
currents which tend to flow in the surface of 
the rotor's solid forging, and in the non
magnetic wedges and retaining rings. The 
PR loss caused by these induced currents 
can raise the machine temperature 
sufficiently to cause metal flow and 
resultant machine damage. 

Its burden is sufficiently low to permit the 
use of existing current transformers. 
Potential transformers are not required. 

Sensitive Instantaneous Detection of 
Unbalanced Currents on 3-Phase 
Systems 

The POO high-speed relay provides sensi
tive detection of unbalances or unbalanced 
faults in three-phase power systems. It is 
commonly used to detect unbalances on 
feeder or distribution circuits, or to detect 
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single phasing in generator or motor 
circuits. 

Type POO's sensitive polar unit is energized 
by the output of a negative sequence cur
rent filter. It will pickup on 0.5 ampere of 
negative sequence current and will with
stand 5 amperes of positive sequence cur
rent continuously. It can detect phase failure 
on motor circuits having a maximum to 
minimum load variation as great as 5 to 1. 
The minimum single phased load current 
that can be detected is 1.0 ampere. 

Since the POO will operate for external 
faults, a timing relay such as type TD-5 
should be used to effect coordination 
between the primary line relays and the 
POO. 

Type COO Characteristics 

Overcurrent Unit 
The COO negative sequence relay is avail
able with the following negative sequence 
current taps: 3, 3.25, 3.5, 3.8, 4.2, 4.6, 5.0 

These tap values represent the current 
transformer secondary amperes which cor
respond to one per unit generator current. 
At these values of negative sequence cur
rent, the moving contact will leave the time 
dial stop and reach the stationary contacts 
in a time as determined by the time dial set
ting and as shown by Figure 3. For exam
ple, with a time dial setting of 4 the relay 
will close its contacts in 30 seconds with the 
above tap currents applied to the relay. 

As shown by the curves in Figure 4, the 
relay's characteristic is defined by a genera
tor characteristic I~T = K. The relay charac
teristic is such that it coincides with the 
generator characteristic at 1 per unit nega
tive sequence current, but at higher values 
of negative sequence current the relay char
acteristic is substantially parallel and 
slightly less than the generator characteris
tic. In this manner, a suitable margin of 
safety is obtained between the two 
characteristics. 

Figure 5 provides a means of selecting a 
time dial setting that will restrict unbalanced 
fault duration to the desired limit. 

Figure 6 demonstrates the use of a tap set
ting lower than the full load current of -the 
machine to accommodate In limits of 7 and 
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10 while still providing wide contact spac
ing. For this figure, a tap setting of 3 is used 
with a machine full load current of 4 
amperes. 

Typical time-current curves of the relay are 
shown in Figure 3. Minimum pickup is 
approximately 0.6 of the tap value current. 

Trip Circuit Data 
Main contacts on the COO induction disc 
unit will close 30 amperes at 250 volts d-c 
and will carry this current for sufficient time 
to trip a circuit breaker. 

Type POO 

The POO relay provides sensitive instanta
neous detection of unbalanced currents in a 
three-phase power system. It is operated by 
negative sequence current, and has a high 
speed polar unit which can be used to initi
ate tripping, or to sound an alarm. 

Common applications include its use to 
detect unbalanced loads on feeder circuits, 
or to avoid thermal damage to motors as 
caused by single-phasing. 

Operation 
The polar unit of the POO is energized by 
the rectified output of a saturating trans
former which is energized by the filter out
put. When the relay is energized by tap 
value negative sequence current, the polar 
unit contact closes to energize an auxiliary 
contactor switch (CS-1) coil which is con
nected across battery voltage. Operating 
time of the CS-1 switch is % of a cycle, at 
the end of which time the trip circuit will be 
completed if the polar unit contact remains 
closed. Inclusion of the CS-1 switch, adds a 
desirable shock-proof feature to the relay. 

Characteristics 
The following negative sequence current 
taps are available on the Type POO relay. 

.5 .6 .8 .1 1.5 2.0 2.5 

These taps represent the negative sequence 
current that will operate the relay. At these 
values of negative sequence current, the 
polar unit will close its contacts to pickup 
the time delay switch. 

Operating Time 
POO operating time is 1 to 2 cycles (60 
hertz base). 
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Construction - coa and poa in FT-21 Case 

CD Filter Reactor - The negative sequence cur
rent filter consists of a three-winding mutual reac
tor and a wire resistor assembly with adjustable 
sliders_ It is factory-adjusted so that its output is 
proportional to the negative sequence current 
input. 

® Tap Block - Taps provided on the tap block 
allow selection of the minimum negative sequence 
current input to the filter which will just cause the 
relay contacts to close (pickup is approx. 0.6 of tap 
value for the COO). 

@ Time Dial (COa Only) - Positioning of the 
time dial at its various numbered settings deter
mines the setting of the relay for the permissible 
(1 2)'t thermal characteristic of the protected 
machine_ 

@ Stationary Contact - coa Made of silver. Has 
sufficient wipe to assure positive contact 
action. poa The right hand contact of the POO 
polar unit (see "P" in figure 0) is wired into the 
relay trip circuit. The lefthand stationary contact 
serves as a backstop for the moving contact 
assembly. 

® Moving Contact- coa Clamped to an insu
lated section of the COO's induction disc shaft. 
Current passes through a spiral spring to the mov
ing contact. poa The contacts of the polar unit 
are connected in series with an auxiliary contactor 
switch (CS-l) to avoid the possibility of undesired 
tripping due to vibration or accidental shock. 

® Indicating Contactor Switch - When ener
gized, the ICS causes an operation indicator target 
to drop into visible position - indicating that the 
relay has operated. 

ANSI Standards and Limitations 
This material is reproduced from the "American 
Standard Requirements for Salient Pole Synchron
ous Generators and Condensers," C50.12-1965 and 
'American Standard Requirements for Cylindrical 
Rotor Synchronous Generators," C50.13-1965, cop
ies of which may be purchased from the American 
National Standards Institute, 1430 Broadway, New 
York, N. Y. 10018. 

C50.12 
6. Short-Circuit Requirements 
A machine shall be capable of withstanding, with
out injury, a 30-second, three-phase short circuit 
at its terminals when operating at rated kva and 
power factor, at 5 percent over-voltage, with fixed 
excitation. (2) The machine shall also be capable of 
withstanding, without injury, any other short cir
cuit at its terminals of a 3D-second duration or 
less, provided the machine phase currents under 
fault conditions ilre such that the negative phase 
sequence; current (I,), expressed in terms of per 
unit stator current, at rated kVJ, and the duration 
ot the fault in seconds (t), are limited to values 
which give an integrated product (l5t) equal to or 
less than the values shown below, and provided 
also the maximum phase current is limited, by 
externill means to a value which does not exceed 
the maximum phase current obtained from the 
three-phase fault. 

Type of Synchronous 
Machine 

Permissible l~t(2) 

Salient pole generator 40 
Synchronous condenser 30 
\2 Machines subjected to f,JUlts between these limits and 

200°c of thesl~ limits may suffer varying degrees of 
damage: for faults in excess of 200% of these limits 
SI?IIOUS damage should be expected. 

COO Front 

Resetting is manual, by means of a pushrod exter
nal to the case. 

ICS Unit Burden and Rating 
ICS Tap: Coils Rating in Amps 
Amps Cant. 1 Second 

Resistance 
in Ohms 

0.2 0.4 11.5 6.5 
2.0 3.2 88.0 0.15 

(f) Magnetic Shunt Screws(POQ Only) - Sensitiv
ity of the polar unit assembly is adjusted by 
means of two screw assemblies; one on each side 
of the unit's magnetic frame. Drawing out of the 

C50.13 
6. Requirements for Abnormal Conditions 

6.1 Armature Winding Short-Term Thermal 
Requirements 

The generator armature shall be capable of oper
ating a 130 percent of rated armature current for 
at least one minute, starting from stabilized tem
peratures at rated conditions. 

Note 1: The permissible armature at currents 
times up to 120 seconds, based upon the same 
increment of heat storage as defined in 6.1, will 
be: 

10 30 60 120 Time (seconds) 
Armature current 
(percent) 226 154 130 116 

Note 2: It is recognized that armature tempera
tures will exceed rated load values under these 
conditions and, therefore, the machine construc
tion is based upon the assumption that the num
ber of such operations at armature currents to the 
limits of Note 1 will occur not more than two 
times per year. 

6.2 Field Winding Short-Time 
Thermal Requirements 

The generator field winding shall be capable of 
operating at a field voltage of 125 percent of 
rated-load field voltage for at least one minute 
starting from stabilized temperatures at rated 
conditions. 

Note 1: The permissible field voltages at times up 
to 120 seconds, based upon the same increment 
of heat storage as defined in 6_2, will be: 
Time (seconds) 10 30 60 120 
Field voltage 
(percent) 208 146 125 112 

jllill 
"'1111 

left shunt increases the amount of current 
required to close the polar unit contact. Drawing 
out of the right hand shunt decreases the mini
mum trip current. Both shunts are held firmly in 
position by a spring-type clamp. 

® Auxiliary Contactor Switch (CS-l1 P~Q only 
(not shown on photo) - Energized by the closing 
of the polar unit contact. Prevents accidental clos
ing of the relay contacts due to jarring of the relay 
panel. Operates in about 3/4 of a cycle. Has a coil 
resistance of about 170 ohms. The assembly does 
not include an operation indicator target. 

Note 2: It is recognized that field winding temper
atures under these conditions will exceed rated
load values and, therefore, the machine construc
tion is based upon the assumption that the num
ber of such operations at field voltages to the 
limits of Note 1 will occur not more than two 
times per year. 

6.3 Rotor Short-Time Thermal Requirements for 
Unbalanced Faults 

The generator rotor shall be capable of withstand
ing, without injury, the effects of unbalanced short 
circuits at the armature terminals for times up to 
120 seconds, based upon a constant rate of heat 
being generated and negligible heat dissipation, 
provided the integrated product (liT) of generator 
negative phase-sequence current (1 2) and time (T) 
does not exceed the va Ices listed below. Negative
phase-sequence current shall be expressed in per 
unit stator current at rated kva and time shall be 
expressed in seconds. 

Type of Cylindrical 
Rotor Synchronous Generator Permissible liTCD 

Conventionally-cooled 30 
Conductor-cooled 10 
(i) Generators subjected to faults between these limits and 

200 percent of these limits may suffer varying degrees 
of damage; for faults in excess of 200 percent of these 
limits, serious damage may be expected. 

6.4 Mechanical Requirements for Short Circuit 
The generator shall be capable of withstanding, 
without mechanical injury, any type of short cir
cuit at its terminals for times not exceeding short
time thermal requirements, when operating at 
rated kva and power factor and five percent over
voltage, provided the maximum phase current is 
limited by external means to a value which does 
not exceed the maximum phase current obtained 
from the three-phase fault. 
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Generator 
Characteristics 
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Internal Wiring (Front View) Type COO 

Indicating 
Contact or 
SWitch 

Current 
Unit 

I I 1;1 ,7 ~~?;~ng 
T - .~. Res",'o' 

c) ,f: ~ tNyH :~~: 
l'),~~Jj:*1~J ~:" 

Ph. A Ph. B Ph. C A. B. c. 
Figure 6: 182A973 

Neutral Connection of Three Phases 
Formed Within The Relay 

I~~'~~:--:=~n-' -- ~:~~:~~~ - ! Switch 

COO I 1 I 
T I coo I lOve" d I f J 1 -~I t-~~:;en. 
I ~ '\ ' .' L J·Wlnd,ng . / .: j Mu'uel 

! I 'l~ It '[ ..... ::::::~ 
I I SWitch 

(

) I - I _ ~ Current 

't~ 0 I.: :~:~"Je::k 
~ _ _ 0 0 f _ , SWitch 

,) 0, (s)W· 7) (oj. J- Cese 
T, y" Terminals 

'\ 2 0 6 \"" ~) 
Phase 

" ---------r----~-- '1"' - - ----r-----' Rotation 
Ph. A Ph. B Ph. C _ .• 0. A. B. c. 

Figure 7: 1 B3MB4 

Neutral Connection of Three Phases 
External to The Relay 

Internal Wiring (Front View) Type POO 

. ' , ._----- -- +-----+----- ~ 
Ph. A Ph. B Ph. C 

Auxiliary 
Switch 

2000 Ohms 
(125 VOel 
4000 Ohms 
1250 VOcl 

Transfmr 

3-Winding 
Mutual 
Reactor 

. Polar Unit 

Indicating 
Contactor 
Switch 

Shorting 
Switch 

Current 
Test Jack 

Flexitest 
Switch 

Case 
Terminals 

Phase 
Rotation 
A. B. C. Ph. A Ph. B Ph. C • 

AUKiitary 
Switch 

Transfmr 

3-Winding 
Mutual 
Reactor 

Polar Unit 

Indicating 
Contactor 
Switch 

Shorting 
Switch 

Current 
Test Jack 

Flexites' 
Switch 

Case 
Terminals 

Phase 
Rot.tion 
A. B. C. 

Figure 8 183A794 Figure 9: 184A870 

Ph. A Ph. B Ph. C 

Transfmr 

3·Winding 
Mutual 
Reactor 

Polar Unit 

Shorting 
SWitch 

Current 
Test Jack 

Flexitest 
Switch 

Case 
Terminals 

Ph ••• 
Rotation 
A. B.C. 

Figure 10: 1 B7A264 

Type POQ Without ICS and Auxiliary 
Switch 

Type POQ for Ac Controlled Trip 
Circuit 

II 
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External Wiring (Type COO) 
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External Wiring 
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Style Number 1590 616: 1515 Amp. 
(U .. Only Where Z.ro Sequence 
CURent can Exceed 0.3 per Unit 
for Ext..-nal Fauh:a) 
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Further Information 

List Prices: PL 41-020 
Technical Data: TO 41-025 
Instructions: 

Posltl\le 

Negati\le 

Nogatl\le 

Type COO, IL 41-161 
Type POO, IL 41-162.2 

Renewal Parts: RPD 41-918 

Dc Trip Bus 

= 62a 
52 
TC 

Dc Trip Bus 

Flexitest Case Dimensions: DB 41-076 
Contactor Switches: DB 41-081 
Other Protective Relays: 

Application Selector Guide, TD 41-016 
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Overcurrent, Negative Sequence, Three Phase (Device Number: 46) 
Type Application Neutral Indicating Time Unit 
and Location Contactor Current 

Circuit 
Control 
Volts: Contacts Switch@ Range: 

AmpsAc Dc 
COQ® 
With self
contained 
filter 

Generator 
Protection 

:;:At_r_e"'la'--y ____ O.2I2.0 
Remote amp dc 
from relay® 

Spst-cc 
POQ 
With self
contained 
filter 

Spst-cc 

Phase 
Protection 

® Denotes item available from stock. 
® 50 Hertz relays and auxiliaries can be supplied at same 

price. Order "Similar to Style Number ......... " except 
50 Hertz". 

® Use one style number 788tA01G03 (15/5 Amps) auxiliary 
current transformer when zero sequence current in relay 
can exceed 0.3 per unit. Refer to Instrument Transformer 
Dept., Raleigh, NC, for transformer pricing and shipment. 

0.212.0 
ampdc 

0.2-1.0 

0.5-2.5 

24-48 
125-250 
24-48 

125-250 

@ ICS: Indicating Contactor Switch (dc current operated) hav
ing seal-in contacts and indicating target which are actuated 
when the ICS coil is energized at or above pickup current 
selling. Suitable for de control voltages up to and including 
250 volts de. Two current ranges available: 
(1) 0.212.0 amps de, with tapped coil. 
(2) 1.0 amp de, wilhouttaps. 

Rating of ICS un~ used In specific types of relays is shown 
in price tables. All other ratings must be negotiated. 

When ac current is necessary in a control trip circu~, the 
ICS unit can be replaced by an ACS unit. 

The ACS unn may be supplied in place of an ICS unit at no 
add~ional cost. Specify system voltage rallng on order. 
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Types COQ and 
POQ 
Negative Sequence 
Current Relays 

Relay Data 
Internal 
Schematic 

183A794 

Style 
Number 

n4B289A11 
n4B289A09 
n4B289A12 
n4B289A10 

Case 
Size 
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