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Background

ÅWhen connecting inverter-based PV generation to the electrical 
distribution grid, many interconnection challenges exist: 
islanding, load rejection, reverse power flow, power quality, 
etc.

ÅOne of the recent issues is GFOV on sub-transmission system 
caused by PV generation on distribution circuit
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Background

Event sequence
ÅSLG fault occurs on 

subtransmission
ÅFault detected
ÅSubtransmissionbreaker opens 

islanding the faulted line and 
distribution feeders with DG
ÅDGs on the island do not trip fast 

enough
ÅNot enough load on the island to 

depress voltage
ÅOvervoltage occurs on the 

subtransmissionline

Utilities require 3V0 scheme 
ÅOne mitigation measure is to add PTs on 

the transformer delta (high) side
ÅThe PTs measure the 3V0 voltage to 

identify an overvoltage
ÅRelays send signals to trip DG or other 

breakers to eliminate the overvoltage
ÅExpensive ($500K) and 0.5 ï1 year to 

build
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ÅAdding PTs to existing substation could be 
difficult due to the space limitation
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Alternative to 3V0 Scheme
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Objectives: Focus of investigation:
Å Detection on the low-voltage side of the substation transformer

Å Do not require extensive amounts of additional equipment, material 

or construction

Å Monitor parameters that distinctly identify a potential GFOV 

condition without being overly subject to over sensitivity (such as 

nuisance tripping) or under sensitivity (such as failing to detect the 

onset or presence of GFOV)

Cost effective 

Respond faster

Monitor Electric Parameters 
(Voltage, Current, Freq., etc.)

on the inverter side 

Inverter Step-up Transformer

Utility Side



Grid / Distribution Feeder Model

ÅFour test feeders

ÅTest Feeder #1: IEEE 4 Node Feeder , modified to 5 nodes to include Substation Transformer

ÅTest Feeder #2: 12 km long, 25 kV Radial Feeder

ÅTest Feeder #3: IEEE 13 Node Feeder (Short Feeder)

ÅTest Feeder #4: IEEE 34 Node Feeder (very Long Feeder, Actual feeder located in 
Arizona)
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InverterModel

Five different inverter models 

1. Inverter model #1: 250 kW, three-phase, 
potential GFOV issue, ñblackboxò 

2. Inverter model #2: 250 kW, three-phase, 
high sensitivity to ground faults , 
ñblackboxò 

3. Inverter model #3: 1 MW, three-phase, 
potential GFOV issue, ñblackboxò 

4. Inverter model #4: 1 MW, power 
regulated current source inverter, NREL, 
ñgenericò

5. Inverter model #5: 500 kW, power 
regulated voltage source inverter with 
MPPT, MHRC, ñgenericò
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Commercial Inverters
UL-1741 Certified

×ÉÔÈ Ȱblackboxȱ ÍÏÄÅÌ

Generic Inverter Models  
with two different 
control strategies 

developed by NREL and 
MHRC

Two Commercial 
Inverters are able to 

detect the SLG fault and 
trip very fast

(cannot be used to test 
the NSV logic)

Inverter 1 , 4 and 5 are 
used in multiple inverter 

cases 



Alternateto 3V0 Scheme (NSV Protection Scheme) 
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Try these parameters:
Å Voltage imbalance 

Å Negative sequence current

Å Negative sequence directional

Å Transient voltage rate of rise

ÅMany other parametersé

Most effective:
Å Negative sequence voltage  jump

Å Ratio of negative and positive sequence voltages

Pterra modeled and simulated the model utilizing PSCAD EMTC software




















