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Webinar Disclosure

This is not to be considered training but an informational webinar.

We will be covering some aspects of NFPA 70B, Electrical Equipment

Maintenance, along with NFPA 70E, Electrical Safety in the Workplace.

You will not be qualified to work on electrical equipment solely

because you attended this webinar.



Electrical Preventive Maintenance (EPM)

Electrical Preventive Maintenance (EPM)
Electrical equipment deterioration is normal
and equipment failure is inevitable.
Switchgear maintenance is something often
over looked in preventive maintenance
programs. Due to most systems high
reliability, some components can go

decades with very little notice. This could

be a costly and dangerous mistake.
An unplanned outage could take a facility
out of service for months depending on the

severity of the failure. g



Electrical Preventive Maintenance (EPM)

Cause of Switchgear Failure

Dust - can collect in switchgear easily due to the constant air

flow thru most systems. Most switchgear cabinets use —
convection for cooling which uses vents at the top and

bottom of the gear to allow air to freely flow up through the

gear.

While an effective means of cooling, this setup allows for the
accumulation of dust on components. Dust on interior
surfaces can produce paths for electricity to track back to
grounded surfaces especially if moisture or conductive dust

are present. Dust can also collect on contact surfaces causing

poor connections. Poor connections can increase resistance
there by producing heat. Dust and any other debris should be

cleaned from the gear on a regular schedule. AT



Electrical Preventive Maintenance (EPM)

Moisture/Humidity - High humidity,
condensation and leaks from nearby pipes,
ducts and roof leaks can all be a source of
water issues. Even small amounts of
moisture can cause corrosion on
mechanical components which might cause
them to not function as intended. Corroded
connection points can be a source of
heating due to the high resistance of the
corrosion. Any signs of water issues should

be dealt with immediately.




Electrical Preventive Maintenance (EPM)

Overheating - Excessive heat in switchgear can be
caused by several things. Poor connections on contact
surfaces as pointed out previously. Heat can also be

produced by lose of torgue on bolted connections.

This can happen several ways. The bolted connection
might not have been torqued properly in the initial
installation. The bolted connection may have lost its
torque due to a heavily loaded circuit that has been

cycling for years.

The normal expansion and contraction as the metal

heats and cools can cause bolts to loosen. Poorly

ventilated spaces can cause excessive heat buildup. Heat (G
can degrade or melt lubricants in switchgear components. 'I

R



Electrical Preventive Maintenance (EPM)

Aging - The age of the switch
gear can have a large effect on
its function. Lubricants can dry
out over time. This can cause

mechanical components to not

function properly such as

Example of a Aged/Rusted Dry-Type Transformer — ABB.com

disconnect blades not opening

or fully closing. o
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Electrical Preventive Maintenance (EPM)

Electrical Preventive Maintenance (EPM)
A preventive maintenance program should be implemented
to help identify many of the previous situations. A program

such as this helps to identify deficiencies of the equipment ' '

and provide corrective means of repair or replacement the V
equipment.

The NFPA 70 B Annex H suggests maintenance intervals of

weekly to 6 years depending on the equipment, system

criticality and the environment in which the equipment is P LA N N E D
located. Most facility engineering staff should have a basic MAINTENAN C E
knowledge of the electrical system in their facility and a solid
understanding of the hazards involved in maintaining them.
If there is any question an outside contractor should be

brought in to perform the maintenance. & [



Electrical Preventive Maintenance (EPM)

Saves Money
* Prevents costly repairs
* Saves in utility costs

* Reduces operating costs

The Benefits of
Preventive

Saves Energy,
Improves
Performance
* Maximizes efficiency

* Improves system reliability
® Reduces energy use and expenses

Maintenance (

A

Supports healthy, productive and safe
environments

Helps avoid costly work disruptions
Addresses issues before they
become urgent

More Maintenance
Less Repairs

® [ncreases equipment lifespan

® Reduces risk of c atastrophic failure

® Reduces need for costly emergency repairs P T DN
[ S B o)



Annual Inspection & Testing

Annual Inspection & Testing Process

Perform an IR Survey of the MV/HV equipment. Conductivity Maintenance — ensure conductivity where

Complete a Visual Inspection, Cleaning, Mechanical Operation Check surfaces connect or meet.

. . . . . . . = Tightness will be verified by calibrated torque-wrench method in
= Surveying for deficiencies, signs of wear, integrity of connective surfaces and ) ]
accordance with manufacturer’s published data or ANSI/NETA

cleaning of all equipment and devices surfaces. Then Exercise the Switchgear. MTS-2015 tables.

= (Clean shall be defined as the removal of all of the following from all inner, = Remake all connection that require re-torque

outer surfaces and conductive, mechanical, operational gear within: . . )
’ » OP g = Contact resistance will be measured with the use of a low

1. evidence of moisture or corona. resistance ohm meter.

. signs of arcing and trackin
& 8 & Testing, Adjustments - ensure proper operation of conductive

. oxidation device controls.
. particulate debris = Lubricate and re-exercise all moveable parts
adhesive debris = Adjust alignments, contact surfaces

= Resistance recordings across Circuit Breaker and Fuse

attachments

. excess lubrication, liquids . . .
+ 14 Exercise Manual trip mechanisms and resets

- harborage, nesting, signs of bird-insect-rodent activity = Bolted electrical connections will be tested for high resistance.

2

3

4

5

6. corrosion
7

8

9. biomass including vegetation, mold Tightness will be verified by calibrated torque-wrench method in
accordance with manufacturer’s published data or ANSI/NETA

MTS-2015.

10. foreign materials or coatings that were not part of the original

equipment manufacturer’s design

. = Test for resistance at connections, continuity.
11. pieces from cracked or damaged parts, tools, fasteners, any

non-specification materials or parts within or at bottom of enclosure.




Frequency of Annual Inspection & Testing

APPENDIX B

Frequency of Maintenance Tests

NETA recognizes that the ideal maintenance program is reliability-based. unique to each plant and to each
piece of equipment. In the absence of this information and in response to requests for a maintenance
timetable, NETAs Standards Review Council presents the following time-hased maintenance schedule and
matrix.

One should contact a NETA Accredited Testing Company for a reliability-based evaluation.

The following matrix is to be used in conjunction with Appendix B. Inspections and Tests. Application of
the matrix is recognized as a guide only.

Specific condition. criticality, and reliability must be determined to correctly apply the matrix. Application
of the matrix. along with the culmination of historical testing data and trending, should provide a quality
electrical preventive maintenance program.

MAINTENANCE FREQUENCY MATRIX
EQUIPMENT CONDITION
POOR AVERAGE GOOD
e Z LOW io % 28
A=t
a3 MEDIUM 0.50 10 5
SS2
323
- ‘é‘ § HIGH 0.25 0.50 0.75




Frequency of Annual Inspection & Testing

APPENDIX B

Frequency of Maintenance Tests (continued)

Inspections and Tests
Frequency in Months
(Multiply These Values by the Factor in the Maintenance Frequency Matrix)
Visual & .
Visual & Mechanical &
Section |Description Visual | Mechanical Electrical M" surge lrre
7.9 Protective Relays Inauloct Class C MV Polymer Surge Arresters
7.9.1 Electromechanical and Solid State 1 12 12 are designed 1o provide cptimaum pratection
79.2 Microprocessor- Based 1 12 12 for transforman: and other mediung I
7.10 Instrument Transformers 12 12 36 ':‘;‘,;L" ,,:f‘,’; ; ‘,”, “‘1 ,',),‘ JI :,' ;' ::’::“
7.11 Metering Devices 12 12 36
7.12 Regulating Apparatus
7.12.1.1 [Step-Voltage Regulators 1 12 24
Sample Li:[:uid ~ 12 POLYMEH
7.12.1.2 |[Induction Regulators 12 12 24 Polymor suge anesters provide
7122 Current Regululors 1 12 24 significarnt advartages aver traditional
7123 JLoal Tap-hangers - o o g
Sample Liquid 12 Mt & '
7.13 Grounding Systems 2 24
7.14 Ground-Fault Protection Systems 2 12 12
715 Rotating Machinery
7.15.1 AC Induction Motors and Generators 1 12 24
7.15.2  [Synchronous Motors and Generators 1 12 24
7.15.3  [DC Motors and Generators 1 12 24
7.16 Motor Control
7.16.1.1 |Low-Voltage Motor Starters 2 12 24
7.16.1.2 |[Medium-Voltage Motor Starters 2 12 24
7.16.2.1 |Low-Voltage Motor Control Centers 2 12 24
7.16.2.2 |Medium- Voitage Motor Control Centers 2 12 24
7.17 Adjustable Speed Drive Systems 1 12 24
7.18 Direct-Current Systems
7.18.1 Batteries 1 12 12
7.18.2  [Battery Chargers 1 12 12
7.18.3  |Rectifiers 1 12 24
7.19 Surge Arresters
7.19.1  |[Low-Voltage Devices 2 2 24
7.19.2  |Medium- and High-Voltage Devices 2 2 24




Frequency of Annual Inspection & Testing

APPENDIX B

Frequency of Maintenance Tests (continued)

Inspections and Tests
Frequency in Months
(Multiply These Values by the Factor in the Maintenance Frequency Matrix)
Visual &
Visual & Mechanical &

Section |Description Visual | Mechanical Electrical
7.20 Capacitors and Reactors
7.20.1  |Capacilors 1 12 12
7.20.2  [Capacitor Control Devices 1 12 12
7.20.3.1 |[Reactors, Dry-Type 2 12 24
7.203.2 [Reactors, Liquid-Filled 1 12 24

Sampling 12
7.21 Outdoor Bus Structures 1 12 36
7.22 Emergency Systems
7.22.1  |Engine Generator | 2 12

Functional Testing 2
7.22.2  |Uninterruptible Power Systems 1 12 12

Functional Testing 2
7.22.3  |Automatic Transfer Switches 1 12 12

Functional Testing 2
7.23 Telemetry/Pilot Wire SCADA 1 12 12
7.24 Automatic Circuit Reclosers and Line Sectionalizers
7.24.1 Automatic Circuit Reclosers, Oil/Vacuum 1 12 24

Sample 12
7.24.2  |Automatic Line Sectionalizers, Oil 1 12 24

Sample 12
7.27 EMF Testing 12 12 12

Medium Voltage Uninterruptible Power Supply — ABB Group
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Arc Flash

What is an Arc Flash?

It is an explosive burst of heat and light, caused by a sudden,

-

i

uncontrolled electrical arc (or current passing through the air).

Temperatures may reach as high as 35,000°F in just 1/1000 of

a second, vaporizing metal, causing fatal burns, and generating
a blast wave that can collapse workers' lungs and rupture
eardrums. Shrapnel, toxic gases, and intense UV rays can cause
additional injuries. Arc flash accidents can kill in an instant, or
cause a long, slow, and painful death. Even non-fatal injuries

from an arc flash may require months or years of medical care

and therapy. & ;:-: |



.
Arc Flash (Continued)

This video shows Donnie Johnson's brush with an Arc Blast that left him with 3rd degree
burns down to his muscles on both arms and hands. He also created a website to
promote Arc safety: Donnie's Accident.



http://www.donniesaccident.com/full-story

.
Arc Flash (Continued)

This video is of a real life switchgear explosion.




Arc Flash Injuries

Electrical Burns
Entrance Wound: High resistance of skin transforms electrical
energy into heat, which produces burns around the entrance

point (dark spot in center of wound). This man was lucky, the

current narrowly missed his spinal cord.

Exit Wound: Current flows through the body from the
entrance point, until finally exiting where the body is closest

to the ground. This foot suffered massive internal injuries,

which weren't readily visible, and had to be amputated a few

(REENGI
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https://www.osha.gov/etools/construction/electrical-incidents/burn-examples AN
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Arc Flash Injuries (Continued)

Arc Flash Burns

This man was near a power box when an electrical explosion occurred.
Though he did not touch the box, electricity arced through the air and
entered his body. The current was drawn to his armpits because

perspiration is very conductive.

Thermal Contact Burns

Current exited this man at his knees, catching his clothing on fire and

burning his upper leg.

https://www.osha.gov/etools/construction/electrical-incidents/burn-examples




Arc Flash Injuries (Continued)

Internal Injuries
This worker was shocked by a tool he was holding. The entrance
wound and thermal burns from the overheated tool are

apparent.

Same hand a few days later, when massive subcutaneous tissue
damage had caused severe swelling (swelling usually peaks 24-
72 hours after electrical shock). To relieve pressure which would

have damaged nerves and blood vessels, the skin on the arm

was cut open.
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Arc Flash Labels

FPA TOE is the acoapted Industry stantiaed for slectrical satety lo the workplace. Created by the Natienal Fes

Arc Flas h La bel Req u l re m e nts tection hswu;nrv' # specifies hazand identification practioe: waming systoms, Including labais for nrc Nash

from NFPA 70E 2021 hazseds. The most recent edition of e standard is NFPA T0E

Arc flash labeds are described in section 130.5(H), which states that workplace electrical

equipment that is Wy 10 be examined, adjusted, or serviced while enevgized should be labeled , \
with all three of the following:
)
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Arc Flash PPE

Arc Flash PPE Categories from NFPA 70E 2021

The National Fre Protection Association (NFPA)

ranges of arc Sash Nazards. and the corm

SEEndaed 10 irform workers aboul the petection they Nnead while working on enstgized

sguipment. The Arc Fissh PPE Catepory systam replaces the Hazand Fss Cansgory (HRC)

Sysiam from the 2012 adtion of the <

EAch cEmagory INCoas & minim
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e AR fong slecve
Shirt and pants, or
AR ooverall
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* Hard hat

Safety glasses or safety poggies

Hesring protection (with inserts
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Arc Rated Clothing:
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Sefore AR became the standard rasing system for arc fash PPE, Fire Resistance (FR) was
used. FR and AR are not the same: all arc raled PPE S also fire resistant, but not il fire
mesistant PP s 3 rased

| Mmnimum Arc Rating of

40 cal/c

Arc Rated Clothing:
* As requved
AR long shee
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ranwear, or harg hat
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| Protective Equipmont.

Hard hat * Hard hart

Sofoty glasses or sofety gogiies | * Spiety glasses or safety goggies
Heanng protection (with inserts * Meanng protec with nserts)
Laather footwes! | = Leather footwear




Arc Flash Protection Boundary

F | aSh Protection = Distance from an arc flash source where
» anunprotected person has a 50% chance
Bounda FY ™ ofreceiving a 2nd degree burn.

==

Bl
S Exposed,
energized
:’::o, conductor
or dreult

ENCLOSURE

part
Prohibited

The Flash Protection
Space

 Boundary can be ", Limited
greatertianoriessiiy”  op,c

Restricted
Space

thanthe imited
approach boundary -

ZERO DISTANCE

Restricted Approach Boundary Prohibited Approach Boundary

Limited Approach Boundary



THANK YOU

Thank you for attending!

If you have any other questions or if a question was not answered,

please feel free to email me at jbembnister@neielectric.com.

Hope to see you at WHEA Technical Exhibition in La Crosse!
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