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Chapter8 |  Generator Protection 3
Bus
ese sources and thetr interconnections to
n technical requirements for these inter- :
wctices, vperating procedures, and design i
igh quality of service and of safety for 8
stomers, general public), and protection ]
cooperation is very important between
sign, construction, and operation of the

~To System

osidered are as follows:

. . . uN Auxiliaties

« phase or ground faults in the stator and

‘ i common
2 Ficure 8.2 Direct-connected generator units (one or more) to a
o . system bus.
: rotor and loss of field excitation .
operational hazards
b _.m AHQSMQMHO-MWMV@NV : where the IPP and industrial generation may be islanded and able to supply
¥ lenz protection g ili in the island. .
tion: nonsynchronized connection ©7 fhe :ME&"_AH.MM“_&QR& in which the generator is connected directly to an
- breaker pole flashover (61) E wmmo&w.”on power transformer without a circuit breaker between, as .mroM”_
P 2 in Fig. 8.4. This is thc common connection for the large gencrators in util-
tion for large steam turbines . e
:ncy (81) ¢
d overvoltage (59) ~\
: out of step § 87}
llations

~ Y

ONS AND ] | ( Lts.

" OFS Are a8 mozcim ; E _
£Y§Q to i _ AV e\

- 8.2: Usually they are wye-grounded ; 4
grounded, or are delta-connected. They : = \» ,\\ -
wer system or to the power system : *N:S ~
. o . T UL TSI ZUD Tl A!.AU\:U«:L.\HHI;.! Ban XS
ility, “industrial, or 1PP mmmmmnmnonw is : “~ig1/v.81 0
[PF geuerators under- and overvoltage :

. . (*) Dotted re-
are mandatory toward disconpecting Ficure8.3 Typical protection for a &Bﬁ.oo::m_ﬂoﬂ cm:ﬂmsn %Shsmvo e,
separate transfer trip channel from the . iays are optional except Nw\m\ under- a“oggo:mmumn 10 a utility; (#50) not
ed to assure that the IPP unit is not : voltage mandatory for nonutility generators con
to restore service. This is important : always applicable.
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Uait Auxiliaries

FIGURE 8.4 Unit-connected generater.
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or Alternste
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“MV 50/51 pegimtor

" =t Resonant Grounding
=

Ficure 8.5 Typical protection for a unit generator and for large generators
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*50 For the 87G Function

Ficure 8.6 Differential protection for small generator units with flux sum-
mation current transformers and an instantaneous overcurrent (50) relay.

-

side of the breaker and the generator neutral side leads are carried to that
point. This is seldom practical, so other protection must be provided for this
area between the flux summation CT and the breaker. In general, this scheme
(see Fig. 8.6) is more sensifive as long as the generator CT ratio is greater
than 150:5 to 200:5. If the flux summation CT is not applicable and differ-
ential protection is desired, the scheme of Fig. 8.7 can be used.

8.3.2 Multi-CT Differential Protection (87) for All
Size Generators

The basic principles of this protection were covered in Section 6.2, It is
é—mc_w :wma to 135% fast E—n <oQ sensitive protection for the generator

e = O e R T Y S S L

i.:. Bn cnow_nov as mvcs.: in -.J:uf. 8. N n:a m w
For unit generators the line-side CTs are usually quite close fo the

generator, basically at the generator terminals. ‘Typical connections for the
three-phase units are arods. in m_m m q mon coz_ ﬂaa- »:a an_s-oQ:soQoa

§ e L T %ﬂﬁ; SUANE - .
S If current transformers are available at each end of the windings for
the delta-connected generators of Fig. 8.7b, differential relays can be applied
for winding protection. The connections would be similar to those shown in
Fig. 8.7a. However, this would not provide protection for the junction points
or the phase circuits that are within the protective zone (sec Fig. 8.7b).
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Fieure 8.7 Typical differential {87) connections for the protection of wye-
and delta-connected generators: (a) wye-connected generator; (b} delta-
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CONTIN{)OUS UNBALANCE!CURRENT CAPABILITY
; T IR £

A geneﬁator shalq bé‘capable of withstanding, without injury, the effects of g
contingous current uhbalance corresponding to a negative-phase-sequence current I

of the“foilowlngiva“ ®, providing the rated kVA Is not exceeded and the max imum
current does not lexedpd 105 percent of rated current in any phase. (Negative-phase-
sequence current !ls' $kpreased as a bercentage of rated stator current).

Type of Generator] Fermissible I, (percent)

Salienf Pole
With connccted }*ortiaseur windings 10

4
With non»conq ctdd amorctaseur windings
| i
|
i
|

i )

i !
Cylindwical Rotor! '
Indirectly cd%lgc 1
Directly coul%d

0
4ito 960 MVA 8
i 1961 to 1200 MVA )
201 to 1500 MVA 5
These values alac:expreus the negative-phase-sequence
current capablligj at reduced generator kVa capabilities.

il |

UNBALANCED FAULT ¢APMHILITY
i 3
i !
Negative sequence! cul]
seconda% !

I t
i i

flent tg expressed ir per unit of rated current and time ls {n

Type of%Ceneratcrh

Permissible I zt
i

2

Salientépole geneﬂatbh 40
Synchronous conda%ae# 3¢
Cylindrical rotottgep‘ stors
Indfrectly cogled 20
Dirgetly coolgd {§800 mMva) 10

Directly cocle {9D1-1600 MVA)

see curve below
i

i : 2,
B TR

/

.Zi’t.oo,— (00825 1 MYA - 8003

i E ¥
U 400 800 1200 1600
: 0} GENERATOR MVA RATING

t 1 g I } N
[

|

| Fig 4.5.2-1

iy Continucus and Short-Time Unbalanced
ol Current Capability of Generators

i‘ (from ANSI C50.13-1977 [1])
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4.5.5 Anii-Motoring. Motaoring of a generator
occurs when for some reason the energy supply to
the prime mover is cut off while the generator is
suill on line. When this occurs, the generator will
act as a sytnchronous motor and drive the prime
mover. Whiie this condition is defined as genera-
tor motoring, the primary concern is the protec-
tion of the prime mover which can be damaged
during a motoring condition.

4.5.5.1 General Considerations. Motoring
causes many undesirable conditions. For example,
in 2 steam turbine, the rotation of the turbine
rotor and blades in & steam environment causes
idling or windage losses. Since windage loss is a
function of the diamecter of rotor disc and blade
length, this loss will usually be greatest in the
exhaust end of the turbine. Windage loss is also
directly proportional to the density of enclosing
steam. Thus, any situation in whick the steam
density is high will cause dangerous windage
losses. For example, if vacuum is lost on the unit,
the density of the exhaust steam will increase and
cause Lhe windage losses to be many times graater
than normal. Also, when high density steam is
entrapped between the throttie valve and the
intcreeptor valve in reheat units, the windage
losses in the high pressure turbine are very high.

Windage loss energy is dissipated as heat. The
steam flow through a turbine has a two-fold
purpose —to give up energy to ¢ause rotation of

b Fig 4.5.4-2
§ Example of Inverse Volts/Hertz Setting
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| } !
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30 4 ‘ ! -
X | i v
i !I { GENERATOR MANUFAC TURER'S
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—-{eroh ) M| PYTE Device Number Chart
) Gpnarat 32 CRN-10D
- L orge) 40 KLF
@ ; 2 N | 46 COQ or 5OQ
B 516G €O
14 851V COV
) n 64 DGF {“Brush”
Machines Only)
516
(cr —'—"\ 86 WL
87 CAor SA 1
‘ 87G CwC
i i
Resictoy May not be Requirad

Appllcbble to Generatdrs:
1} 0-BOOKVA {Above 5[Kv)
2). 500-7000KVA (Aboje 2 A
3). Abcwe 1000 KVA (Any Vdi

Figure'6-24. Recommepdad
Used in In‘dun v

i |
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if Turbine Has Simiiar
Protection.

{ }Number of Relays
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he) Non Uat Connecied

rotaction for Large Generators
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———————————y
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#m%s»———-

\! v 32
L4

Resistor

]
For Systems 600 Voits and
Below Qtrer Types of

Grounding Moy Be Applicobld

Applicable to Small Ged ernl’d

v) !
2 A

1) O-500KVA (Below 5 K
2). 5LDO-1000KVA [Below

Figure é 26: Recommen

ded |

|
i
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(2)V™'s
Device Number Chart
32 -cRNQD
46 -coQ
851G -CO
- . 51V -COV
‘ /)‘" 52  -Breaker
516 36 -WwL
h- R7  -CA

(D May not be Requirsd
if Turbina Has Similar
Protection.

{ }Number of Relays
Required

b

Nl

ptection for Smali Generators as

Used in |nAusIn*l Plants.

XVL BUS TRANSFER SYSTEMS FOR STATION
AUXILIARIES

Automatic transfer of highly essential station auxillary
loads such as boiler feed pumps and induced draft fans is
cominon practice. Paralleling the normal and emergency
sources is not generally recommended, however, because
the higher breaker interrupting duties involved can cause

roblems, as can circulating currents between systems. The
transfer scheme requires interlocks to prevent paralleling of
the supply sources. Transfers should not be made if voltage
in the alternate supply is not satisfactory or the load cir-
cuits are faulted. Also, supply breaker tripping should be
delayed Jong enough to permit fault sectionalizing in the
load circuits. An example of a transfer scheme using tvpe
CP polyphase voltage relays is shown in Figure 6-26.

Singte Line Schomatic

ol Hie

Teansformer ] Transformer

mpy

Device Number Chart

Voliage Loods
Transformer 47  -Type CP Relay
27  -Type SV Relay

88R -Fault Relay

Lockout Auxiliary

Control Schematic

Contact Close if:

Positive
47M 4—————— Main Supply Fails
47A <&—— AHernate Supply is Satisfactory
27 +——— Bus Voitage Low
Teip
Breaker 86R @€——-—— Fault Relays Have Not Operated
L]
6528 e————— Main Supply Breaker Open
5628 ¢————— Alernate Supply Breaker Open
Ciose Breoker A

Figure 6-26: gus Transfer Scheme Utilizing Polyphase Voltage
eiays.
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XIV. RECOMMENDED PROTECTION

Figures 6-22 and 6-23 show the recommended protection
for large tandem-compound and cross-compound, unit-
connected turbine generators. Figures 624 and 6-25 show
the recommended protection for machines that are not unit

connected. Generally, such generators are used in industriat
applications.

XV. OUT-OF-STEP PROTECTION

As gencrator impedances become larger in proportion to the

system, the electrical center will be closer to *he generator.

This condition intensifies the need for out-of-step detection
as part of the generator relaying complement. Such relay-
ing schemes are described in Chapter 19, Systein Stability
and Out-of-Step Relaying.

‘ Exciter 2
, . 015112?
a © T4l © '
|| i TR
IYI ﬁq. lrl “\GJ/L ’ - v%&D’ i

Y

N |
Station Servics mp

(1)

Negolive

|
|
i
!
!
i

—_—  —_—

éta)
877

(1) —{N

1 (26} s

e —\@__@& s\/27
Device Number Chart

2 D5 59NT

21 KD-11 83
40 KLF or KLF-1 B4
a1 Field Breaker 86G
46 [els} 87G
51/27 CoOv 877
5IN co )
59N SV, 7.16v

cv-8

SPR

DGF (“Brush” Machines Only}
WL-Generator Lockout

CA or SA-1 Generator Cifferential
HU-1 Overalt Differantial

Number of Relays Required

Figure 8-22: Overall Protection for » 1

-

pound Unit Connacted Generator.
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