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Abstract- Because the interlocked combine breaker groundingthe Grounding Breaker opens and tlgeaunds the collection
switch (VDH/GSMI, a medium voltage vacuum circuit breake circuit. Thus it provides a level of discrimination for
with mechanically interlocked grounding switch) can help with protection and trip as measured at the terminals of each

differentiating between internal faults and external faults, as such,j,qividual generator within the solar power plant or wind
generators would know via the voltage measured at their ’[ermlnali)ower plant

if a fault was outside the plant and keep running, to etehe US

grid code PR®0242 under voltage ridghrough requirements . ) .
with zero volts at the point of interconnection. Conversely, withGenerators are expected to shut down quickly; or if they

respect to internal disturbances, the VDH/GSMI creates a threeisland, they island into tareephase bolted ground, and they
phase bolted ground that causes the generators to eighet down can wait for the remote trip signal without creating
or island into very low impedance and can operate while they waibvervoltage and other damage.

for the remote trip signal from the substation, where a regular

circuit breaker opening would cause high impedances to appearhjs paper makes use of PSCAD tool to describe the design
on the home run cable. The generators and high impedarreate and theory of the Grounding Breaker operation, as it is
possible temporary overvoltages that would damage equipment °5'pplied in wind andalar power plants and how the \'/ery low

the separate collection circuit. .

impedances to ground causes very low voltage on the
PSCAD models show the VDH/GSMI allows generators toSeparated collection circuit. The operation of the Grounding
differentiate between internal faults and external faults. NERC Breaker with PR@24-2 requirements coordinates well with
PRG0242 6s wr i tt en enguterggnerat@ owness set @ther plant functions during a ridbrough eent.
their generator protective relays such that generating units remain
connected during defined voltage excursions and operate down t¥he Grounding Breaker is an improvement and evolution in
zero percent voltage at the point of interconnect (POI) for ninecjrcyit breaker design. Circuit breakers come in a variety of
cycles. PSCAD simulations shothe VDH/GSMI when it opens forms: vacuum, air, and gassulated switchgear are

and clears and then closes to ground causes the voltage at tl : .
mains of each generator on the affected circuit to go below 9% ailable for mediuavoliage systems, such as a 34.5 kv

which is significantly below 15% concerning certain ride through collection circuit of W_lnd or Sol_ar power plant_. Circuit
requirements. As a benefit, the VDHEMI causes the plant to Preakers are mechanical switching devices, which connect

better support the transmission system by providing &@nd break the current flowing in the circuit, which can be the
differentiating voltage signal between internal and external faults. nominal current or the fault current. Typical circuit breakers
comprise one switch that is either oper closed. Generally,

Worldwide, utility scale wind or solar facilities have to comply towind power plants and solar power plants only use-non
the local gnd code. for instance, Sulwdulo 3.6 of ONS in BraZil, ground|ng feeder (I|ne) Clrcu|t breakers

PT4 (Anexo I) of CAMMESA in Argentina, PR@2402 of NERC

in the USA. When considering a collection circuit for a wind or a solar

PRG0242 requires power plants set their relays so that the pIanPOWer plant, the _typlca! circuit breaker clears the affecj[ed
remains connected during voltage excursions, such that thdeeder from ti main station transformer and the transmission
generator voltage protective laying does not trip within the no System. However, such a design is limited and does not
trip zone as measured at the POI; the no trip zone in part includegprovide the same functionality as the Grounding Breaker
nine cycles at zero volts. PSCAD simulations indicate thedoes, functionality, such as alanding or temporary
VDH/GSMI can help engineers provide such required PR242  gvervoltage mitigation, needed for todag moder n
functionality. plants.

Keywords i grid, code, PRC0242, ONS, Submodulo 3.6, . . .
CAyl\\/,IVMESA, PgT 4, breaker, grounding, switch, remote, transfer,-rhe Grounding Breake.r requires on_Iy o.ne signal from_a relay
trip, wind, solar, electric, power, system, flash, arc, blast,to separate the collection .feeder circuit frpm the main plant
temporary overvoltage, lightning, arrester, collection, circuit, transformer. Then the interlocked switch grounds the
cable, transformer, single, line ground, fault, isolation, —collection circuit; the full process occurs in about éhre
coordination. cycles. With the impedance of the collection circuit cables
approximately 1/15th of the impedance of an individual
l. INTRODUCTION generation step up transformer, and with all three phases

) o ) ) effectively bolted to ground, the voltage on the separated
This paper was prepared to find if the interlockednbine  aeder quickly collapes.

breaker grounding switch (VDH/GSMI® or Grounding
Breaker) coordinates well with PR0242 (HVRT-LVRT)
requirements when the fault isside and outside a wind or
solar power plant. When the Grounding Breakgyens,
clears,and then closes to ground the home run cable, it is
expected the voltage will drop below significantly. Should
the fault appear outside the plant fanen cycles wih near

zero volts at full power, it isexpeced that the voltage
measured at the generators should be higher when there is
zero voltage at the point of interconnection (POI) than when
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Feeder Breakers with VDH/GSMI Fig. 2: Combine Breaker Grounding Switch
Internal . lightning Ir:ll\&nns-smn
l‘ccdcrflq‘) Fault - Figure2 shows the Grounding Breaker. It consists in a set of
@_I@_ | three lineside phase vacuum interrupters and a set of three
X A ik ground vacuum interrupts are interlocked and operate with
Feeder 2 Xl e one trip signal.
t5u ault Hus
@'I@'— rrssTey In such power plants, conventional breakers open and
KA Cable disconnect the affected feeder from the transmission system
Feeder 3 and then allow the delta collection circuit to operate without a
@‘I((ELD— ground reference (excephrough the cable susceptance or
XA Homem lightning arreste_rs)_, _unless a _grou_ndiljg transformer_ is
Feeder 4 connected to an individual collection circuit. If the grounding
TSy transformer provides a reference to ground, however, it is
@-'@— - found to provide only a zero sequence gatlground but not
N

Cable a positive or negative sequence path, and consequently is not
found to significantly lower collection circuit voltages during

_ , _ _ islanding [3], [19]. IEEE standards refer to zero sequence
Fig. 1: Wind or Solar Power Plant Single Line. impedance. The positive and negative sequence ¢ureen

. . —_ . the generators has no path, once the grounding transformer
The National Electric Reliability Corporation (NERC) thathas an open secondary.

acts as an electric reliability organization (ERO) requires

relay settings and.wind or solar power.plants to ope_rate do‘ﬂ% found [19] that the Grounding Breaker, in coordination
tlo Z_T_LO vgl;[s fg&i:m ;)r/cleks ?S SEO;’]V nl 'nwﬁ)rlﬁm‘tz (Fllgrure Wwith lighting arresters provides a better positive, negative and
)- The rou g breaker can help \ or solar powej, ., sequence ground reference thanoagting transformer
pIant. designers and engineers prowde the functionali nd opens with an electrical switching of time 012ms, i.e.
required by the local grid code, in this paper, NERC 48ss than one cycle. Thus, it grounds the collection circuit

specified in PR&24-2. immediatel
. . . y and allows the unaffected feeders to generate,
The Grounding BreakeF{gures 1,3,4 and 11) is designed foralso allows the ridéhrough functionality.

the feeder collection circuits of wind power plants and solar
power pl_ants. The linside cireuit breaker is composed OfFi ure 1 shows the single line for a wind or solar power
vaﬁuutr_n mte_zrrug[telr:s andf bushtl_ngs tg cu(i]nnect to tt_he 34'(‘;’ lf)ant, with the Grounding Breaker; where the interlock and
coflection circuit. =or information abounhe operation and rounding switch are on four collection circuits or feeders,
ratings of vacuum interrupters, see [7] and [8]. The groundi so the home run cable arg the . Generator ,Step U?
9 0

circuit when closed connecﬁﬁ rﬁ e . -
. L . arsforme suPwhdtEifle i& Botivaléht of nfan
feeder collection circuit to ground. The Grounding Breakﬁ%enerators. T(S;e deflgta side of the GSU inqdicates that the )rllome

W'tg'tnt.wmg or sdolte;‘r pc_)V\ée; ptignts conr:ect.s bettEv_veen "¥in cable will float once the line breaker opens. However, the
sustation bus and the wind turbines or solar inverteigufe Grounding Breaker will within 38ms from receiving a trip

1). signal, close and ground the affected collectionuirevhere



16ms earlier it mechanically began to operate antPehs Generally, the learing time and the voltage ride through for a
earlier it electrically began to extinguish the arcs and groundnd power plant for a threphase fault is nine cycles at a
the home run cable. All with one single trip signal. voltage as low as 0.15% of nominal, as measured at the high
side of the winegenerated plant stagp transformer at the
point of interconnection. BNy generator manufacturers can
34.5 kV collection circuit Conducting path operate with this specification for individual generators.
to gencrators VDH/GSMI Status: However, NERC issued standard PBZ42; this standard
Closed requires more than nine cycles at zero voltage as measured at
the point of interconnectiorF{gures 5 and 6).

34,5 kV circuit to
main plant transformer

then to transmission system. £ years, NERC, an electric reliability organization, has

been presenting and reaffirming that a fault that occurs on a
transmission line near a wind power plant could cause the
voltage at that point to drop to zero. NERC states that;
allowing a wind orsolar power plant to disconnect when the
voltage drops below 15% from the nominal at the point of
interconnection; the loss of a transmission line and the loss of
the real power (and any reactive power) produced by such
plant, results in a double continggnevent (loss of the
transmission line and the plant itself) [16].

Interlock -~ .

Open

Ground ‘

Fig. 3: Grounding Breaker Closed, Ground Switch Open. To provide a remedy for this problem, NERC requested that
wind or solar power plantd={gure 1) should be altered so

Figures 2 and3 show the Grounding Breaker when it isthat for 150 ms if the voltage at the point of interconnection
closed (the ground switch is open). The red bold linis rediced to zero the plant would ride through. If after 0.300
indicates the electric path from the generators on the feedestdhe fault persists, the wind or solar power plant stays
the main plant transformer. connected as long as the voltage is at or above 0.45 pu of
Figure 4 shows the Grounding Breaker opened where th@minal voltage. It is presumed that NERC presents such
feeder is granded as shown with the green path. The honmnditions to reduce thask to the reliability of the electric
run cableds three phases apowerdysiemtioen acaemablglevel.u n d . By bolt
ground the home run cable of a feeder, the generators see
very low impedance while islanding. Generally, wind andh this section, the Grounding Breakdfiqure 8) provides
solar power plants should remain -ime during voltage support for a generation plant concerning PB&2-2 and
disturbances for specified time periods per FBR3-2 as ride-through capabilities concerning the many types of faults.
shown inFigure 1, where such periods include a transitiorFor internal and external faults, the Grounding Breaker is
period and a posdtansition period with normal clearing timesshown to provide clear different high (external) and low

of four to nine cycles [15]. (internal collection circuit fault) signals to the generators.
) ' ' After the Grounding Breaker opens and clears and then closes
Conhicing Path VDH/GSMI Status: Eaeigized and grounds, theesulting line to ground impedance on the

Open —— ) home run cable is significantly reduced. With that in mind,
SREE S 34.5 kV circuit to main plant . k
:?4"3.:(\/ “ﬂ“‘:““‘on‘ transformer (hen transmission the Ground I_I"I g Breaker p r_ ovid
IR system. where the voltage remains very low. As PBZA2 requires

nine cycles of ridghrough capabilit, with zero voltages at
the point of interconnection, the Grounding Breaker supports
the generators by providing a voltage level that indicates
whether the fault is inside or outside the plant to an individual
generator.

Interlock

Gisisd I1l. GROUNDING BREAKERAND PRG024-2
This section concerns how the Grounding Breaker provides
Fig. 4: VDH/GSMI Open, Grunding Switch Closed. support for a generation plant regarding PB&4-2 and ride
through capabilities for the many types of faults. After the
Grounding Breaker opens and then closes, the line to ground
Il. FERCORDER661AND NERCPRC 02402 impedance o the home run cable is significantly reduced. It
- provides an fdAeasyo islanding
Concerning FERC order 661, wind and solar generated powmains very low. As PRO24-2 requires nine cycles of ride
plants are required to continue to generate power (e.g., tffough capability, with zero voltages at the point of
service) during threphase faults with normal clearing. interconnect, the Grounding Breskprovides engineers and



designers with an option not found in a typical feede PSCAD Simulation External Fault
breaker.
POI(230kV) 9 Cycle 3 Phase Bolted Fault Zero Volts
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If the fault is within the plant, such a fault can be isolate AN TEITEY
from the plant and the transmission system with th 150 100
Grounding Breaker, separating the affected cabectircuit. wo [
The unaffected feeders are able to ride through and rem I ‘w‘ | Ig
ortline. The Grounding Breaker and the Fitheough ‘ {11
capabilities of the generators work together to meet t
regulatory requirements specified in the U.S. Federal Ener il

Regulatory Comission (FERC) Order 661 and NERC PRC ~|1|I1]11] (|
024-2, and similar grid code applicable in other countries. i |
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Many types of faults can occur. However, this pape -0
considers internal single line faults to ground and extern
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three phase bolted faults. The faults camiihin a wind or a Bolted Faul(9 cycles)
solar power plant or outside of such plant. The fault can be
a collection circuit, at a generator, or in a substation. T} : s
R . L Feeder 1, B2t
fault impedance can be high or low; it can be steady ! aGst o

pulsing. Given all the faults, types and locationse th
transmission provider requires that the wind or solar pow
plant ride through and discriminate when it should and shou
not ride through concerning internal and external faull
(Figure 7). The Grounding Breaker is an essential part ¢

fulfl"lng SuCh I‘eqUIrementS PSCAD Simulation of l’\lcl[x:\)ll Threc Phase Bolted Fault at

Voltages Measured at High Side of Generator.

When the Grounding Breaker provides such low impedan:
when it grounds the home run cable, the generators eitt
know to shut down when the Grounding Breaker operates
allows the generators to remain-lome and generate into a
bolted thregphase to ground. It also allows the protectiol
system to send a remote signal to shut down the general 200 -100 R 300 0
(Figure 7). By providing symmetry to a faulted collection

circuit, it reduces mechanical stress during islandiigure

7 shows oscillations disappéng after the Grounding
Breaker closes.
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If the fault is external, i.e. on the transmission system, and t FECAR PRG0N LERE. At Pawer 299EV_Pe

Plant Rides Throug)
voltage is zero volts, the Grounding Breaker provide N i =
discrimination that other types of circuit breakers do no g e
When Grounding Breaker operatésprovides a clear signal E 20
to the generators that the main plant transformer is or is r = 2
part of the circuit. If the fault is on the transmission systen 2 oo ,, w0 A
the Grounding Breaker is not expected to operate, similar Tume(mulirsecoads)

Active Power 230KV D

other regular breakers. What makes @unding Breaker

different is that it can ground the collection circuit and

provide a clear reference to ground by changing the Fig. 5: PSCAD Simulation External Fault.
impedance of the collection circuit.
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The impedance of a home run cable can be betwedainni

and 20hns, and the current sourced on a 34.5 kV collection
circuit can be 500 amps. The generators can limit the current
during a fault. Once the Grounding Breaker separates the
affected collection circuit from the plant, the fault current is
reduced from more than 15 kA to 0.5 kA. When the
Grounding Breaker grounds ehhome run cable, the
impedance of the affected collection circuit is now down to
1-2 Ohmrs at the home run cable. With 0.5 k Amps ang 1
Ohnrs, the voltage rise is around 3% to 5% at full power. The
current from the 2 MW generator at 34.5 kV is approxifgate
40 Amps with a series impedance through its generator step



up transformer of 5.5% (3 MVA); therefore, the voltageherefore, the other unfaulted collection circuits are exposed
increases across the GSU would be a maximum f longer internal plant faulimes where the plant as whole is
approximately 4% to 5%. To sum up, the rise from the homiemp act e d . Such an i mpact ma y
run cable to the mains of the gesm®r on the low side is reactive power performance; if a Grounding Breaker had
projected to be less than 10%, where some PSCARRen installed, the faulted circuit could be cleared as fast as
simulations demonstrated 12% or less due to asymmetrypaissible. Faster clearing allows the plantrémsition back to

the low side of the generator and on the collection circuit aqaefault voltages and improved dynamic support of the
added reactive power flow during a single line to the grourtdansmission system.

fault (Table 1 andrigure?).

s External Fault
PSCAD Plant Impedances o6
Main 1000 MCM Gen.Stepup Trf ot
Power Trf. | Cable (1Km9 | (Equivalent) s Delta V. Approx. 8%
% Z 8 N/A 5.5 2
MVA 90 N/A 3/ (x10) 30MVA fim
Ohms j1.05 j2.00 j21.80/j2.18 Sk Internal Fault
External Fault | Included | Included Included 004
Internd Fault | Excluded. |Included Included 002 e
Gen. side 0
after Grd 0 20 40 f;‘)memm;mmjf) 100 120 140
Breaker
operates. Fig. 8: Differentiation between an External (POI) and Internal (Collection

Circuit) Faults.
Table 1: Impedances included in PSCAD simulations.

PRGO024-2 requires the facility to operate down to zero |v. GROUNDINGBREAKER OPERATIONAL
percent of the rated voltage. With PR24-2 in mind, the
Grounding Breker provides three functions for a wind orrg describe and understandettlesign and operation of the
solar power plant: Grounding Breaker VDH/GSMI, the focus has to be on a
) feeder circuit within a wind or solar power plant and the
A low impedance for a separated collection circuit t@¢hange in impedance that occurs when a fault appears on the

_generate, . _ _ collection feeder home run cablBigure 10). The PSCAD
A low voltage for the wind turbines to recognize thatimulation of the operation of a Grounding Breaker
they can shut down; demonstrates that it grounds the collection circuit.

A low impedance to mitigate severe islanding; if therqhe states of the VDH/GSMIF{gure 9) are, (i) CLOSED,
are gant conditions that require the generators tpe. the line breaker is closed, and the ground switch is open;
operate below 0.15 per unit, the low impedance ofii) TRANSITION, both switches r@ open; and (iii) OPEN,
the collection circuit provided by the VDH/GSMI the line switch is open, and the ground switch is closed. It
allows a remote trip signal to get to the generators fctually has two distinct states of operation: OPEN and
shut them down without causing overvoltages of| OSED. However, for studies propose the TRANSITION
damaged the collection circuit. state is included between the two states, with a total

. ) ~ mechantal operating time of 16 ms and an electric clearing
While a regular breaker separates a faulted collection circiiiine of 12 ms (Table 2).

from the plant and the transmission system just like the

Grounding Breaker, a regular breaker does not ground tofosed status means the line vacuum interrupters are closed,
collection circuit. A regular breaker opens and eaubigh and the ground vacuum interrupters are open. The transition
impedance to appear on the collection circuit resulting igate includes the coincident operation of the two lint&ed
temporary over voltage (TOV) and damaging voltage on tRgcuum interrupters with at least one trip command from a
collection system. A regular breaker does not provide vefglay (Figure10). First, the line vacuum interrupter (breaker)
low voltage as a discrimination function for generators tgtarts opening to separate the feeder from the transmission
detect; theredre, generators are left to island for long periods‘system_ At nearly the same time, the ground vacuum
In contrast, the Grounding Breaker provides differentiatiomterrupter stas closing to ground the feeder circuit.

between internal and external faults in wind and solar power

plants Figure 8) allowing the generator to quickly shut

down.

The Grounding Brdeer does not require delays for clearing a
fault on a collection circuit. However, a regular breaker may
require a delay in clearing the fault from the plant, and



State Electrical Mechanical
Time [ms] Operating Time [ms]

CLOSED (Initial) 0 0
Clearing Fault
(opening) 24¢34 N/A
TRANSITIO_N (open 4c12 16
and grounding)
OPEN and groundeg 38

Table 2: Electrical and mechiaal operating time of the VDH/GSMI

GROUNDING BREAKER VDH/GSVMIATES

State Line Breaker Ground Breaker
1 Closed Closed Open
2 Transition Open Open
3 Opered Open Closed

Table 3: States of the VDH/GSMI

VDH/GSMI

One trip-signal, after the breaker opens
(approx. 50ms), another three phase set
of vacuum interupters close within in 12ms.

r-{ RELAY | Substation
|k

Feeder| I I
Cable | —l N —
| Interlock |

i el s s s ‘'

_ One Unit

Initially Transition Then
Closed Open

Fig. 9: VDH/GSMI States

Current[Kilo-Amps] Phase C is Faulted.

Phase C not to scale.
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TIMING DIAGRAM

GSU

PLC
Control

Single Trip
Signal

Homerun Arrc_slur

Cable

1000 MCM
Buried

Feeder Current

Infinite

lsl ‘(l;l measured here
Fau
% Gnd. Current
Generator Location | o/ cured here. MPT
Closed Transition Open & Grounded
l VDH/GSMI ‘ ' VDH/GSMI
VDH/GSMI -
16ms[Mechanical Operating Time] Ground Current
~ Exceeds Scale
0 I'h C. 25,000 Amps| " 10ms [Flectrical Operating Time] ™ | E o
0.4 [Scaled for time] i1 ; s Cascniper 25
[Axis ()u/v g3
0.3 ms|ll\u ical Operating Time| 2 g E
nd Line Interrupter] =R =]
02 [L)pun&(!m] _'; CE) §
0.1 £¢6¢8
; 5TO
0 Sx.2
-— o
0.1 . g2
| vl ﬁ ©
-0.2 [0pens and Clears] Y

.ﬁﬂﬁﬁd

— Collector_Circuit_ Current Ph. A

— Collector Gnd Current Ph. A
Collector_Circuit_Current Ph. B
Collector Gnd Current Ph. B

-3-2-101234567389101112

Time(milliseconds)

Ground Interrupters
are closed.
VDH/GSMI
grounds after receiving
single trip command

—Faulted Collector Gnd Current Ph. C
— Faulted Collector_Circuit_Current Ph. C

Fig. 10: PSCA Simulation VDH/GSMI Timing Diagram.



State 1: CLOSED, line breaker closed and
grounding switch open.

Line to Substation

Line to Generators

—oj;__\

Ground

‘When a fault occurs in the collection circuit, the
line vacuum interrupters clear the fault from the
transmission system.

State 2: TRANSISTION, both
switches open

Line to Generators Line to Substation

—_——
Ground _L \

Fig. 11: VDH/GSMI Operating Sequence. The thpbase vacuum Fig. 12: VDH/GSMI Second Operating Sequence. The thhase ground
interrupters open first. vacuum interrupter that closes the collection circuit @igded.

Open status means the transition is complete, theside
vacuum interrupters are open, and the grounding vacuum
interrupters are closed. As a result, the feeder is electrically



