Challenges for Successful Ground Fault Protection
of VFD’s used in Underground Coal Mining
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Abstract

This presentation will discuss the issues one should consider when
installing variable frequency drives in underground mining applications,
including:

e Ground fault protection performance when applied with a VFD
operating at various speeds.

e Successful testing and documentation to simulate the real world
application.

e Regulatory agency requirements and recommendations.
e MSHA/A&CC
e PA-BDMS
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Introduction

VFD’s have been successfully installed in underground mining operations in
the U.S. for many years; conveyor belts, fans, etc....
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Introduction

Until recent years the application of VFD’s within systems that must be approved,
operated, maintained as “permissible” as defined by MSHA or CFR 30 have not
been commonplace; Emulsion pumps, water pumps, etc...
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Introduction

The introduction of VFD’s in permissible applications has given rise to the
involvement of governmental organizations; MSHA AC&C and PA-BDMS.
These organizations have developed approval procedures and test criteria
to ensure equipment is manufactured, tested and proven to operate safely
when installed and put into service.

U.S. Department of Labor

M S HA pennsylvania

Mine Safety & Health Administration DEPARTMENT OF ENVIRONMENTAL
PROTECTION
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Best Practices/Limitations/Cautions

Confirm the Latest and Greatest

We at IE are aware of the benefit to the mining community of this
information. We also understand that revisions to the information we will
discuss may continuously occur in the future as this presentation is
reproduced. Therefore we recommend that before any design work is
initiated a request should be made to for the latest criteria produced by
each approving agency.
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Best Practices/Limitations/Cautions

When Performing Electrical Testing Remember to
e Consult the Component Manufacturer’s
e Read the Instructions!!
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Best Practices/Limitations/Cautions

When Performing Electrical Testing Remember to
e Determine Potential Hazards
e Determine Required Safety Precautions/Procedures
e Determine Required PPE

CAUTION
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Application/General Requirements

Common Systems above 1000Vac
*4160Vac phase to phase voltage
* Max available ground fault current 500mA
e Ground fault current protection set point 125mA

Common Systems at 1000Vac or Less
e 480Vac phase to phase voltage
e Max available ground fault current is 15A or less
e Ground fault current protection set point 7.5A max

Common Electrical Output/Utilization Circuit
e Wye (or Derived Wye) Transformer Configuration
o Wye “Center” Point Grounded through NGR
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Application/General Requirements

Typical Circuit illustrates that a ground fault condition may be different
based on location in the circuit and/or a component failure.

RECTIFIER INVERTER
pCc BUS ||

DISIY
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Approval Criteria/Testing Methods

Mine Health and Safety Administration (A&CC)
e Documentation on the system planned for installation
e VFD
e Manufacturer/Ratings
e Operating Mode Range (speed/frequency)

e Neutral Ground Resistor
e Rating

e Ground Fault Protection Device
e Manufacturer and Model Number
* Include any sensors/accessories required for testing

e Testing Data
e Test Equipment Devices
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Approval Criteria/Testing Methods

When determining test requirements remember to consider A&CC requires

testing of all equipment being used as part of a larger system approval,
Therefore,

e Alternate VFD Manufacturers and /or Models by the same Manufacturer
e Alternate VFD Models (same Manufacturer)
e Alternate Ground Fault Relay Manufacturers

e Alternate GFR Models (same Manufacturer)

Any and all combinations of the scenarios above must be tested as part of the
approval of the system. So depending on which items listed above apply be
aware that this could significantly increase the quantities of tests to be
performed.
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Approval Criteria/Testing Methods

System Operational Range
e  The operational range which the VFD will be operating in must be declared.

e Not the operating range of the VFD, but the operating range required by the
application.

NGR Rating

e  The neutral ground resistor rating must be documented.

e  The ground fault protection relay will be required to be tested at the
following settings based on the NGR rating

e  The max value of current limited by the NGR

e The “safety” value of  the rating of the NGR (which will be the
max set point of the GFR).
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Approval Criteria/Testing Methods

Best Practice when Testing

Depending on the resources available, the test procedure can be
simplified by installing 2ea separate neutral ground resistors (of the
same make, model, manufacturer) in series with the wye connection
point of the transformer and the equipment ground bus. A bypass
switch rated for the system voltage and current is installed in parallel
with one of the neutral ground resistors.
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Approval Criteria/Testing Methods

With respect to the Ground Fault Relay used in the system being tested for
approval, it too must be documented including:

e  Manufacturer
e  Model Number
e Sensors/CT’s used as part of the apparatus under test

The protection device must be able to detect a variable frequency at or below the
maximum allowed ground fault current set point and operate appropriately.
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Approval Criteria/Testing Methods

Commonwealth of Pennsylvania BDMS

Available Support Documentation

® Document entitled “Variable Frequency Drive (VFD) Performance Standards”
Written and approved by a task force/group of industry and Pennsylvania BDMS

Staff.
® Draft Test Criteria
Document can be obtained at the offices in Uniontown, PA.
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Approval Criteria/Testing Methods

Many aspects of the testing required by PA-BDMS are the same as required by
the A&CC. The criteria and testing must be witnessed by an inspector for the
agency. There are two significant differences in the testing required by A&CC
and PA-BDMS and they are:

1. PA-BDMS requires a voltage relay across the neutral ground resistor.
o The relay must detect and operate on AC/DC voltages that would be
present across the NGR when a ground fault is present.
J This applies to systems operating at 600Vac or less.
. The voltage relay must operate at no more than 50% of the line to neutral
voltage across the NGR at the minimum operating speed during a ground
fault.

2. PA-BDMS requires a total of three detection devices that will operate to independent
circuit interrupting devices

o Detection devices will typically comprise of 2ea — AC/DC current based
devices and 1ea — AC/DC voltage based device
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Approval Criteria/Testing Methods

Typical Requirements for PA-BDMS Approval

S
=
S
=
o
<
\‘

VY e N —

e,
SN VY Ve
N N LOAD

O

O
/

O

O

A

LONGWALL USA Exhibition & Conference ’
June 13, 2013

Powar, Aufomation, and Process Syslems 19




Further Reading
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Questions???
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Thank You For Your Time and Participation!!
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