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1. Overview of LV and
HV Switchgears
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LV Switchgear Overview
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A single architecture

Power Connection

Drawer
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Form Separation of LV Switchgear
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Form Separation of LV Switchgear
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HV Switchgear Overview
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HV Switchgear Overview




HV Switchgear Overview - SLD
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e 2. Understanding Internal Arc




Effect of Internal Arc
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Internal arc withstand is variously
named:

Cinternal arc withstand

Carc fault containment

Clanti arc Design

= Control of the effects of arcing faults within
switchgear or other equipment, to protect the
operator and (if appropriate) the general public from
being injured.

= Prevention of internal faults through modern design
practice, can reduce risk but cannot completely
eliminate the possibility of faults.

m Fast acting protection systems can minimize the
effects of arc flash.

= Elimination of flammable materials would also
reduce risk.

= A ‘Vented Cubicle’ is NOT necessarily able to
withstand internal arc faults.

Schneider

Elzczric
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Origins and consequences of an internal faults

Origins: Consequences:
= Tools forgotten after maintenance = Significant overheating
_ (temperature at the core of the arc around
m Very corrosive atmosphere 20,000°C)
w Forced inter-locks = Production of hot gases and burning particles
m Overvoltages due to lightning = Increase in pressure
m Faulty protection system operation m Deterioration and projection of parts

» Faulty component

Page 16



Other causes the arc flash

Insulation breakthrough in switchgear:

* Noft likely but still possible in severe over voltage case
*Possible even in GIS

Component failure:

e Cable terminal failures

eCT'sand VT's

e Station (auxiliary) transformers

e Contactors, circuit breakers, Circuit breaker connectors

Human errors:

*Falling tools/parts (screws, nuts, etc)

e Use of wrong tools

* Misuse

e Forgotten measurement wires or groundings




Other causes the arc flash |

Bad contacts:

*Bad contacts (temperature rise/overload)

e Insufficient tightening moment (Torque)
Vibration

*Over voltages

Animals:

*Small animals are often the root cause of arc flash
*Very hard to prevent

There are also arc flash that are out of scope and not to be protected
by arc flash relays. Such an arc flash are as:
*Vacuum breaker arc flash

* Arc flash in disconnector

Lightning induced arc flash in overhead-lines

ectC...




Arc flash damages on switchgear

e Extremely rapid release of energy in
form of heat and pressure

e Arc temperature in rage of 20000 °C
(three fold surface temperature of
the Sun)

e Drastic heat ignite insulation,
conductors and metal resulting toxic
compounds molten metal blast




Arc flash damages on switchgear

e Switchgear damages are typically
very big

e May result to production losses

* May result to personnel damages




Arc flash damages on switchgear




Arc flash damages on switchgear




Arc flash damages on switchgear




Arc Resistant Switchgear in Action
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Incident — Breaker Racking

Arc_Flash_racking_breaker.wmv



What Kinds of Injuries Can Result?

Burn Injuries
* First Degree — burns epidermis only
- 2" Degree — extends deeper; may require skin grafting

- 34 degree — requires excision, grafting; severe cases may
require amputation

Blast Injuries
« Shrapnel
- Hearing Damage

* Pressure wave



Hierarchy of Risk Control

* Protection (PPE) — least effective

- Administrative Controls — regulate risk

- Awareness — reveal risk

- Engineering Controls — manage & control risk
 Substitution — replace risk

« Elimination — remove risk



Arc phenomenon

Vaporized copper
(volume 67.000 times
solid copper)

—>Pressure wave
—->Toxic gases

Intense light, burning
and blinding radiation

High temperature ’ “‘V
Ul e Shrapnel and

! molten metal

Heated air >
pressure and sound
wave

(Air expands 1.600 fold)



B.103.3 Service continuity of the switchgear

The mestal-enclosure is intended to provide a level of protection of persons against access to
hazardous parts and protection of the equipment against ingress of sclid foreign objects. With
appropriate sensing and auxiliary control devices. it is also possible to provide a level of
protection against failure of insulation to sarth (ground ).

For each functional unit of switchgear and controlgear the Loss of Service Continuity category
(LSC) describes the extent to which other high-voltage compartments and/or functional units
may remain energized when a main circuit compartment of this functional unit is opened.

Categery LSC1: this farm 15 not intended to provide service coantinuity during opening af any
accessible compartment(s) and may require complete disconnection of the swilchgear and
controlgear from the system and making dead before such opening

Category LSC2 family: theses forms are intended Lo allow maximum continuity of service of the
network during access 1o the high-voltage compartments inside the switchgear and
controlgear. It means that cpening of accessible high-voltage compartments in a functional
unit is pessible while Kesping the other functional units of the same section energised. This
implies that at least one buskbar can be kep! energised, Insertion of a movable partition may
be used to achieve this category.

LEC2 as a minimum requires that it is possible to open the connection compartment while
keeping the busbar(s) live. There may or may not be other accessible high-voltage
compartments (2.9. main switching device).



Arc flash damages on switchgear
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3. IECTR 61641 Guide for

9 testing under conditions of
arcing due to Internal Arc




Standards

The main relevant IEC Standards for LV Switchgear

- IEC 61439-1&2: LV Switchgear and Controlgear assemblies
- IEC 60947-2: LV Circuit breakers
- IEC 60947-4: LV Contactors and Motor Starters

- IEC 60529 : Degrees of Protection
- IEC 61921 LV Capacitor Banks

Technical Report
- [IEC 61641 : Internal Arc Fault Containment

Schneider
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The main changes

Current General rules + Power switchgear and controlgear assemblies

IEC 60439-X 60439-1
LV switchgear

& controlgear Distribution gAssemblies for ~ JAssemblies for Busbar
Assemblies boards construction sites foublic networks trunkings
60439-3  §60439-4 60439-5 60439-2

General rules
IEC 61439-X IEC 61439-1 (Ed.2.0 : 2011)
LV switchgear

& controlgear
Assemblies

e "Power Switchgear and Controlgear Assemblies” are now covered by IEC 61439-2, to be
read in conjunction with IEC 61439-1



Certification bodies / Test laboratories
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Type Tests and Routine Tests for LV Swgr

Routine tests :

They are intended to detect faults in
materials and workmanship and

ascertain functioning of the manufactured
ASSEMBLY.

e Construction:

n°1 — degree of protection of
enclosures

n°2 — clearance and creepage
distances

n°3 — protective circuit test
n°4 — incorporation of built-in
components

n°s — internal electrical circuits and
connections

n°6 — terminals for external
conductors

n°7 — mechanical operation

e Performance:

n°8 — dielectric properties
n°9 — wiring, operational performance
and function

Page 35

11 Type tests on the prototype:

n°1i
ne2
n°3
n°4
n°s

n°6
ne7
n°8
n°9

Temperature rise limits

Dielectric properties

Short-circuit withstand

Protective circuit effectiveness

Clearances and creepage
distances

Mechanical operation

Degree of protection

Lifting Test

Corrosion resistance

n°10 Resistance of insulating

material to normal heat

n°11 Resistance of insulating

material to abnormal heat

Optional Type Test:

e Internal Arc Containment

Schneider

Elzczric

| ifix = M




IEC 61641 TR Internal Arc Containment

The ability of an ASSEMBLY to pass the test according to this

technical report is only one aspect.

The skill of the personnel having access to the ASSEMBLY,
the personal protective equipment used, the working
procedures applied, and the conditions in the location where
the ASSEMBLY is installed, are aspects that need to be taken

into account.



The Typical Internal Arc Fault result from:

e Conducting materials inadvertently left in ASSEMBLIES during

Manufacture, Installation or Maintenance.

e Faults in Materials or workmanship
e Entry of vermin (small animals such as mice, snakes, etc).

e Use of incorrect ASSEMBLIY for the application resulting in

overheating and subsequently an internal arc fault
e Inappropiate operating condition, or
e Lack of maintenance

e Operator errors

Schneider

Elzczric



Assessment of the test:
1. Correctly secured doors and covers do not open and remain effectively in place
and provide IP 1X of IEC 60529
2. No parts of the ASSEMBLY are ejected which have a mass of more than 60g
except those which are dislodged and fall between the ASSEMBLY and the
Indicators.

3. Arching does not cause holes to develop in the external parts of the enclosure

below 2m at the side declared to be accessible as a result of burning.
4. The Indicators do not ignite

5. The protective circuit for accessible part of the enclosure is still effective in
accordance to IEC61439-2

6. The ASSEMBLY is capable of confining the arc to the defined area where it was
initiated.

7. After clearing of the fault or after the isolation or disassembly of the affected
functionalunits in the defined area, emergency operation of the remaining

ASSEMBLY is possible Schneider

Elzczric



Table A.1 = Options for classification

Classification item Classifications Comments

Arcing class A
parsonnel prataLhon
(L-ntgma 1 e )

Arcimg class B:

parsonnel protaftion pfus arcing

restricted 10 a defined area within

the ASSEMBLY.

(Criteria 1 e G)

ASSEMBLY which s - ‘Whare thara 15 an agraament batween the user
tasied according 1o Arcing class C ang the manuiacturar less or diffarant cnierna may

this techinical Tgp.:.rl: F-l'.'rE-I:I'II'IE| |:|r-:|l|:-|:Ii-:|n P arcung -HI:II:'|!|"
resitncted 1o a delined area wiihin

thie A55FMBELY . Limibed oparalimn
after tha fault is possibia
(Critama 1 to 7)

Arcimg class I:
ASSEMBLY providing protection be
meang of are ignitlon protected

20Mmes,

Restricted (default] i;;'g:gf.r.ﬂ parsans oy Nave accass o ihe
Arcoss : : :

Unrasinctad The assSEMBLY ¢an be placed in a lacation

accesgible o everyone including ordinary persans

Lritena are detingd m B 7

il tn | Schnekder
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4. Different Designs for
e LV Switchgear

Internal Arc Protection




LV Power Switchgear

e Up to 1000Vac

e Drawout circuit breakers

e Grounded metal enclosure

e Ratings:
e Continuous current
e Short-time withstand current
e Short-circuit withstand current

e Unless specifically designated, these ratings are
established based on bolted fault currents

(IEEE C37.20.1)

Page 41




Square D Power-Zone 4 Switchgear
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Details are Important!




Details are Important!

Exisling conoepl HeEw concept

Schneider

Elzczric
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5. IEC Standard for HV Swgr
é on Internal Arc
IEC 622171 - 200




IEC 62271-1 applies to AC switchgear and controlgear for indoor
and /or outdoor installation and for operation at service
frequencies up to and including 60Hz and having voltages
above1000V. This document applies to all HV switchgear and
control gear except as otherwise specified in relevant IEC
Standards for particular type of switchgear and controlgear.

IEC 62271-200 applies to AC switchgear and controlgear

High-voltage switchgear and controlgear -
Part 200: AC metal-enclosed switchgear and controlgear for rated voltages
above 1 kV and up to and including 52 kV

2.101 Internal arc fault

Metal-enclosed switchgear and controlgear that satisfy the requirements of this standard is
designed and manufactured, in principle, to prevent the occurrence of internal are faults.
However, where internal arc classification is assigned, the switchgear and controlgear shall
he designed to give a defined level of protection of persons in the event of an internal are,
when the switchgear and contralgear is in normal service condition.

Schneider

Elzczric
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6.106 Intermal arc test
6.106.1 General

The test is applicable to metal-enclosed switchgear and controlgear, intended to be qualified
as |AC classified, covering the event of an arc fault within the enclosure or within components

having housings which form pan of the enclosure in normal operation conditions. The internal
arc test makes allowance for effects acting on all parts of the enclosure, such as internal
averpressure, thermal effects of the arc or its roots, the effects of ejecled hot gases and

glowing particles.

If an internal arc classification is assigned by the manufacturer and venfied by type tests
according to &, 106, the classification shall be indicated by means of a designatian as fallows:

- Classification: IAC (Internal Arc Classified)

-  Type Accassibility:; A B, C

—  Classified sides of the anclesure. F, L R

- Rated three-phase arg fault values: current [ kA ] and curation [ 5]

— Rated single-phase arc fault values (where applicabla); current [ kA ] and duratian [ 5]

alhn | Se

Page 47
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Mandatory Type tesic:

al
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gl

l=xie Lo vardy the insulabon level of the squipment [ses 20

lesds to prove Hhe femperaturs rae of any pant of the =quipmend and meeaauremant of the
resisiance of circuRs (p=e 505 and B4

teats to prave the capability of the main and earthing circuita o be subjected to the nabsd
peak and the rated short-time withatand currenta (see E.6);

teais to prove the making and breaking capaciy of the included awiiching desices [see
A 101];

taats ta prave tha eatiafaciory aperation of the includad awilching davicea and removabla
parts [gea G102,

Igzts Io werily the [P protaclicn code (see 6.7.1]0;
Iggts Io wardy ausdizey and conbol crsuits [sse 6 10]

Mandatory lype l=eic, whers applcane:

hi
i}

it
ki
It

ml
ni
o)

Pl

ssts ln vardy ha prodacbon ol s sgquipmant against meshanical impasl [gsa 6.7 1),
ggte In vardy lhe prodacbon ol paroneg against dangersus slestneal sifscls (sas 6. 104
Isgte Io wardy Lha siranglh of gee-Glled compartmants [zea & 105,

lighiness {ssbe af gas- e Gguid-Nilsd comparimenis (sas 6.5,

Iegte 1o seeses lba sfileclz ol acing des o an milsenasl are Taull (Ter swilchgsar amd
confrckgear s P-ation |EC) (sms & JEG),

slactoonagnebc compatibilily tesls (ERAD) [see 6.5

s.radiben b procadures for vacwum wrlerruphers (ses 5115

tests to werify the protecilan of the equipssent aaalnat exbernnl effects dus to weather jges
&5.10%];

dislectric t=sts on cable {=strg cireuls (see 62,9015,

Cotonol type teats {subject o agreement betaesn manuiaeburer ond uSer):
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B.106.2 Test conditions

The test shall be carmed oul with the swilchgear and controlgear i normal operating
conditions. This means the position of high-voltage switching devices, connecling and
disconnecting withdrawable pars s sel (o realise the supply circull according 1o AL L1 Al
other eguipment, for example measuring instruments and monitoring equipment shall be in the
postion as il s in normal service. I any cover has o be removed and/or any door has o be
opened to perform switching operations, the internal arc test shall be carried out with the
cover and'or door removed

Removing or replacing components (for example high-voltage fuses or any other removable
component) is not considered (o be normal operation, neither lo carry oul maintenance work.

The test shall be performed in every high-voltage comparment of representative functional
units {refer to 6.106.3)

iz s i ‘ Sc

Page 49
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Accasabiity - Typa &

Accasaibiity - Tyga 8

hz1%m B=1%m

hz13m h<19m

awitchgear and controdge
Maight of switchgear and comrolgear

harizomal indecalors

verfical indicatars

Figure AA.3 = Position of the indicators

Page 50
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Doors and Covers do not open, no part comes as far as the indicator or Wall

No fragmentation of enclosure occurs, no ejection of fragments or of other
parts of the Swgr of an individual of 60 grams.

Arching does not cause holes by burning through in the classified sides of
up to 2000mm

Indicators do not ignite due to the effect of the hot gases or burning liquid.

The enclosure remains connected to its earthing point.

Schneider



Test Criteria in [IEEE C37.20.7

C37.20.7 is a performance-based standard
» Does not define or mandate design features
+ Sets forth criteria that must be met in order to obtain the classification
In short, equipment is submitted to internal arcing faults
* Initiated by a “fuse wire”
— LV —2.6mm diameter (#10 AWG)
— MV — 0.5mm diameter (#24 AWG)
» Current = rated short-time current of the equipment
» Defined duration — preferred value = 0.5 seconds

Equipment tested in “service” condition — e.g., configuration is supposed to mimic, as closely as
possible, actual field conditions

Protective devices are allowed to help achieve the AR rating

« Equipment nameplate must be marked to indicate that they are required

Schneider

Elzczric
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Performance Criteria in IEEE C37.20.7

Criterion 1: properly latched or secured doors, covers, and so on, do not open.
Criterion 2: No fragmentation of the enclosure
» Ejection of some small parts above 2m height is allowed...
Criterion 3: No burn-through
Criterion 4: No cotton indicators ignite
» They are placed outside the gear and near gas exhaust means

Criterion 5: All grounding connections remain effective

Schneider

Elzczric
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6. Designs on Internal Arc
Protection for

HV Switchgears




Partitioning & Nature of barrier

Compartments : description of design and function

® The manufacturer defines the number & content
of compartments

m Each compartment is described as:
C1design:
— y i ~ fixed
T - l ~ removable
- — withdrawable
— extractible

C1accessibility:

i — interlocked-controlled
— procedure based

— tools based

E | - none-accessible

Schneider

Elzczric
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HV Switchgear Solution Against Internal Arcing

Page 56

= Must resist to mechanical and thermal
stresses

m Must protect the operator against any
risk resulting from the devastating effects
of possible internal arcing

m The cubicle design allows for arcing
effects to be contained (internal
suppression, mechanical and thermal
stress):

1 choice of non-flammable materials
0 channelling of hot gases

et | Schnekder

Elzczric



HV Switchgear Solution Against Internal Arcing

In addition to the internal arc version, cubicle can be
equipped with solutions to limit internal arcing

m Limits the duration of the fault
m Mechanical Internal arc detector on the cubicle:
O Swgr associated with a Sepam relay eliminates the
fault in less than 140 ms

Micro-contacts

-l Sepam

Front of
the cubicle

Flaps Links

Rear of
the cubicle

| ifix = M

Page 57
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HV Switchgear Solution Against Internal Arcing

Installation example

: __|- '.-I . e 5 :
' i
;41’" 4 - ;'Lf
Switchboard against a wall. Switchboard in the middle Switchboard in a room
AFL anti-arcing protection of the room. with a ceiling height of less
AFLR anti-arcing than 4 meter
protection

(acces around the back
of the switchboard)

Page 58 Elzczric
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Switchpear, Arc-Resistanl. Equipment designed to withstand the effects of an internal arcing
foult and that directs the inlernally released energy away from the emploves.

Only switchgear specifically identified as being arc resistant provides protection
from an internal arcing fault when the equipment is closed and operating normally.
If doors and covers (including fasteners) are not completely closed, employees are
exposed to the hazards associated with an arcing fault just as if no arc-resistant rating
existed. Exhibit 110.14 shows an examples of arc-resistant switchgear and metal-clad
switchgear.

EXHIBIT 10073

M

An exterior companson of arc-resistant switchgear (Teft) amd metal-olad switchgear (rghty, (lourtesy of
Schneider Electric)

L= tn | Schnekder

Schneider Electric - Marketir Handbook for Electrical Safety in the Workploce 2018 Elzczric
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Exhaust Plenum

e Plenum Required if:

e Ceiling less than
192” (4.87m)

e Power Zone
Center Application

e Exhaust needed
from equipment
room

e 50KA rating

(optional use-arc
shield)

Page 62

Arc Exhauating Sysiemt
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Alternative — “Arc Shield”

e Arc Shield
Required if:
e 50kA rating

(optional use-

plenum)

e Increase
likelihood of
protection for
front, rear, &
sides of
equipment
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Equipment Nameplate

eMust specifically indicate arc-resistant ratings:
e Accessibility type
e|nternal arcing short-circuit current
e Arcing duration
e Type of protective device (when applicable)

eRated maximum clearing time for protective device
(when applicable)

eWhen fuses or fast-acting devices are used, the
“DEVICE LIMITED” must appear along with the part #
under the “arcing duration”



e 7. Arc Flash Protection




Arcing Faults Vs Short Circuits

e Short Circuit — A bolted short circuit...picked-up by Circuit breakers
and interrupted in few milli-seconds.

e Internal Arc — Arcing between phases creates a low-current, high-
impedance path in open air. ...generally the low current value cannot
be picked-up by Circuit breakers....results in ionizing the air around it
causing tremendous increase in pressure.

e Flash hazard — A dangerous condition associated with the release of
energy caused by an electric arc.

e In worst cases, a very violent event
e Signficant heat energy released
e Significant pressure wave — an explosive event!
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Term

Description

Arc Flash Hazard

A dangerous condition associated with the release of energy
caused by an electric arc

Arcing Fault Current

A fault current flowing through an electrical arc plasma, also called arc
fault current and arc current

Bolted Fault Current

A short circuit or electrical contact between two conduc- tors at
different potentials in which the impedance or re-
sistance between the conductors is essentially zero

Flash Hazard Analysis

A method to determine the risk of personal injury as a result of
exposure to incident energy from an electric Arc
Flash.

Incident Energy

The amount of energy impressed on surface, a certain distance from
the source, generated during an electrical arc event. Incident energy is
measured in Joules per cen- timetre squared (J/cmz) or Calories per
centimetre squared (cal. /cm?)

Protection Boundaries

Boundaries relating to electrical safety when working on energized
equipment. Only qualified personnel can enter
these boundaries which requires appropriate PPE

Arc Flash Boundary

The flash protection boundary is the distance from the arc source
(energized exposed equipment) at which the po- tential incident heat
energy from an arcing fault falling on the surface of the skin is
1.2cal/cmz. An exposure to 1.2cal/cmz would normally result in a
curable second- degree burn. Within this boundary workers are
required to wear protective clothing like fire resistant (FR) shirts and
pants, and other equipment to cover various parts of the body. This
distance may vary from equipment to equipment since it is a function of
the available fault cur- rent of the system at that point, the voltage and
the trip- ping characteristics of the upstream protective device as well
as some other parameters.
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130.5

ARTICLE 130 —WORK INVOLVING EILECTRICAL HAZARDS

Table 150.4{Iia) Shock Prowection Approach Boundaries (o Exposed Energized Elecirical Conductors or Clreuin Parts for

Alternating-Current Systems
(1) i2h (3 i4)
_ Limited Approach Boundary® Restrictad h Boundsry:
Nominal Sysiem Vohage Range, Includes Inadvertent Movememnt
Phase to Phasa® Exposed Movable Condocior® Exposed Fixed Circuit Pari Adder

Less than 50V Mot specifhed Mot specihed Moe spacihed
B0 V=150 L0 m (00 Fedim) 1.0 m (% fi6in) Ayvoid con@mce
5L V-750V S0 m (10 Fe dhin ) 1.0 m 3 fit 6 im.) 0.8m (] fidin)
751 V=15 kV 20m (10 fe D i) 1.5 m % f 0 im.) DTmi?fi?in.)
151 KV-36 kW Fhm (00 Fedhim) 1.Bm i 0 im) 0Em (2 f9in.)
361 Kv6 kY 3.0m ¢ 10 ROin) 2o m (80 in) 0.8m (2 fidin.)
$6.1 kKV-T25 kV G0 m (10 Fe0in) PEmS&0in) 1LOm (3 fibim.)

726 KV-121 kY
138 kV-145 KV
161 kEV-160 kW
230 kV-F42 kY
345 KV-862 KV
500 kKV-550 KV
ThE kKV-E00 KV

18 m(IDfrBin)
S A4m (11 fedin)
S6m (1] fe8in)
4.0 m (13 e 0 i)
47 m (15t 4 in)
58m (10 F i)
7.0 m (7% e Oin.)

25miBfi0din.)

FO0m 1060 in)
A6mill fi8in.)
40m {12 din)
4Tmil5fidin)
S8milofiin)
T2mi(25R9in.)

Ldmi3fidin.)
L2m (36 L0
LAmi4fin.)
L7Tmi(BfREin)
2Em(9fR2in.)
F6mll ft Bim.)
40m (156 11 in.)

Al

Source: NFPA 70E 2018
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415
VAC

Arc Flash and
Shock Hazard

2,00 m [ Shiceck)
0 om [Shook)
Shock)
Flash)
Flas

1.7<d m
.55 M

L imited approach (Qualified Persons Onkyj
Resincted approach (FPE Required]

{PPE Required)

Arg flash boundary (PPE Required)

1| | Weming @stance (PPE Reguined)

A DANGER

415
VAC

Arc Flash and
Shock Hazard

PPE Level 2| PPE Required (7.46 cal/cm?)

3.00 m [Shock]
30 &m [Shock)

Limaed approach (Qualified Parsons Only)
Restricted approach (PFE Reguired)
[Snock) [(PPE Reguined)
284 m (Fash| [Arcflash boundary (PPE Requred)
455 mm (Flash) |Working distance [PPE Reguired)

Eye and Haad

safety glasses of safety goggles, ER nard
nat (cdass G or E). Arc-rated faceshield and
are-rated balaclava or ane flash suit heod

{AR), heaning protechion

oy |8 ealisg emy, Cothon undensear, T-shirt or

trouser; AR long-sedve shirt and AR pants
or AR coverall or anc flash suit AR jacket,
parka. ralfmwear or hard hat liner (AN)

Heawy-duty leather gloves or rubber

Prohibited
Entry

|Arc flash incident energy exceeds

nediating gloves wih IEThey prefection 40 callcm?
“oul | Leather shoss 1IH|"|'. Dilectric s hoas or
Insulation mat [step and touch potential)
1iprre i Flams | JIEHISGHR - S ENGA
alpza by | HTOES0TEY o L!'lijlprrr:: u-:-l-‘.':'i: BTV )

Figure 4-1 - Warning Label {Sample)




EXHIBIT 130075

ELECTROCUTION HAZARD
THIS MACHINE [5 NOT INSULATED
= s DEATHOR SERIOLS INASFY WILL
¥ OCCUR FROM GONTACT WITH
MACHINE IF IT HECOMES
ELECTRICALLY CHARGED

MAINTAM SAFE CLEARANCE FROM
ELECTRICAL POWER LINES

ALLOW FOR BOOM PLATFORM,
ELECTRICAL LINE AND LOAL LINE SWAY |

(@l A crane operatimg an close proxeminty (o enengized
overhead power Fnes. (Couwrtesy of FEMA, photo by George
Armistrong) (b} Sgnage warning against contoct with
owverhead power ifines.
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What is arc flash protection - PPE

e Arc flash protection can be understood in many ways
T

A et o
okl o o By L

Bl o
e e, e
S e e

Does this protect user in case of arc flash hazard? Yes, maybe, no.
Use of PPE gives protection against heat and flying objects but PPE may
not give protection against toxic gases, pressure shock, high sound
pressure, falling or slipping, etc...

Does PPE protect switchgear against damages? No
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Why Arc Flash Protection?

VWhen the traditional time-grading or blocking
based protection coordination principle is used.
the traditional protection systems may not provide
fast encugh protection of substation faults.
Further, high-impedance type of earth-faults may
cause prolonged operation times of earth-fault
relays leading to the significant release of the
arcing energy. These facts pose a considerable
risk to operators and economical assets.

Schneider
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Bus Differential Protection

eProvides protection for buses and/or switchgear
eSum currents into & out of “zone of protection”
eNormally at or near zero (KCL)
eNon-zero value indicates presence of fault

eFavorable characteristics for arc-flash:
eHigh-speed (~20 ms relay operating time)
eSensitive
e Compatible with other types of relaying
eProven, familiar technology



Arc Terminator System Operation

Schneider Electric

e Sense a Fault Current
+
e Detect an Arc

e Close Shorting Switch

MAIN ARC
A& BREAKER DETECTOR
~

I ~
~

(K

; 3
T T

: CTs g ] CONTROLLER [~ —

/ A Y P

CURRENT —pp : | <¢— SHORTING
DETECTOR : SWITCH

- Engineering Services — April 2011 81



Arc Terminator System Benefits

When Properly Configured, Meets
Arc Resistant Standards Plus:

e Reduces incident energy;

e Arc flash hazard reduction

e Reduces pressure buildup

e Reduces release of toxic
materials

e Eliminates need for reinforced
switchgear

e Eliminates special requirements
for buildings or plenums

e Minimizes equipment damage
e Reduces operating downtime

Schneider

Elzczric
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Arc Terminator System Operation

M)

Al n ika
LETRRTY BN LN
W s ssarsan

T ERI R |

[ TRA | SR
CaTRE TR

eSection view of an Arc Terminator
mounted above a 1200 A circuit breaker
in MASTERCLAD switchgear



Arc Terminator System Benefits
Reduces Incident Energy; Arc Flash Hazard Reduction

4,76-15.0 kY Class with Arc Terminator System’

4.76-15.0 kY Class without Arc Terminator System®
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Note: Minimum PPE Level is now changed to 1

Schneider Electric - Engineering Services — April 2011
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HV Switchgear Overview - SLD
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Arc Flash Relay and Sensors

Convenflonal pratection sysiem Advanced mullizone

arc fiash proteckon system
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Arc Flash Relay and Sensors

Convenilonal protection syslem
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TYRICAL APPLICATIONE
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Benefits of Arc Flash Protection

* Personnel safety

* Reduces Loss of production

» Prolonged Switchgear Life cycle
* Reliable Operation
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Electrical safety is like a three-legged stool. One leg depends on a safe installation.
NFPA 707, National Electrical Code® (NEC®), stipulates the installation rules necessary to
assure that an electrical installation is safe to operate. The NEC establishes safe installa-
tion rules for premises wiring systems for residential, commercial, institutional, indus-
trial, and certain utility facilities.

For the second leg of the stool, these electrical installations are kept safe by fol-
lowing the preventive maintenance recommendations required by the manufacturer
or those included in NFPA 70B, Recommended Practice for Electrical Equipment Mainte-
nance. The preventive maintenance program for a facility must include an inspection
and testing program that is performed by competent personnel. Electrical equipment
must be maintained in order for it to be safely operated under normal conditions.

The third leg of the stool is NFPA 70E, which addresses the protection of a worker
when exposed to electrical hazards. NFPA 70E provides the employer with the direction
required to create an electrical safety program (ESP) for the facility. With the employer’s
ESP following the rules laid out in NFPA 70E, the employees ought to be able to select
and execute the safety-related work procedures required when the electrical equipment
they are interacting with is in other than a normal operating condition.
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Questions
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