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Introduction


® INTRODUCTION — WHY NOW?

« |IEC/HD 60364 and BS 7671

« Something that may have worked elsewhere (primarily the US) and
produced results
« But does that mean the same is true in the UK?

* We will investigate the product standard and the testing procedures

« BS 7671 and its current requirements
« EXxplore reasons for using such devices
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AFDDs why now? – Not really now - as our national standard is influenced by the IEC and HD documents, AFDDs were mentioned in the IEC in 2014.

US (National Electrical Code) – 1990s – AFCI in BEDROOMS of Domestic Premises.
NEC 2011 – Combi AFCI/GFCI made mandatory on all final circuits in Domestic Premises.

Should this be the same in the UK ? : Different electrical system / US: Arc signatures easier to detect / US: Wooden buildings
Introduction of combi AFCI/GFCI was seen as the path to lower levels of periodic maintenance – counter-intuitive to the UK thought process – PRS legislation (England)
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®  \WHAT ARE AFDDs

— Whatis an arc?

“A luminous discharge of electricity
across an insulating medium,
usually accompanied by the partial
volatilisation of the electrodes.”

International Electrotechnical Commission (442-05-65)
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Pic: arc-resistance.jpg (300×300) (specialchem.com)


®  \WHAT ARE AFDDs

— Types of arc faults:

Serial L s mssm Damaged (crushed/broken) cables
n s | 00Se connections

AFDDs
. = Damaged insulation
Parallel L T—— : Pierced Insulation
L —— Rodent Damage

MCBs or AFDDs RCDs or AFDDs

E C g BEAMA Guide to Arc Fault Detection Devices (2018)
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Serial arcing is the true USP for AFDDs – this will be expanded upon later in the presentation.

Some parallel arcing maybe detected quicker by AFDDs than MCBs, where the fault current is lower than that required for the magnetic operation of the MCB to operate, (x5 / x10 / x20), and could be picked up by the serial arcing element of the AFDD.

Other events can be detected by devices currently available.


Images: Section 4 p.8, BEAMA Guide to Arc Fault Detection Devices, Second Edition 2018.



WHAT ARE AFDDs
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Each arc signature is different and can vary drastically, therefore AFDDs have been programmed with a series of “common” signatures (i.e. distortion of the waveform due to a voltage breakdown when compared with the supply's instantaneous voltage) that the manufacturers have deemed appropriate and which a device checks against.

If there is a match in the pattern, the device will interrupt the final circuit and potentially prevent fires. And vice versa – no match = no trip.

They monitor the number of occurrences (arcs) against time.

The algorithms used by different manufacturers are NOT standardised, therefore the ability to detect arcs or indeed the responsiveness of devices can not be verified.

The only thing that is known is that the devices have disconnected arc faults in laboratory conditions (i.e. to the product standard).

Image: Figure 3, BEAMA Guide to Arc Fault Detection Devices, Second Edition 2018.


“  WHAT ARE AFDDs

— Arcing is a normal occurrence of electrical installations.
— EG. Brushed motors, switching devices all create arc signatures

— Algorithms used by manufacturers are designed to ignore “normal”
arcing to prevent nuisance tripping

— Not totally proven — and there was an acknowledgement of
switching being an issue in academic wWorks (vartel J 2013)
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Could also mention:

Time current characteristics are designed in order to limit arc energy to 100 J, insufficient to cause a fire (Martel J 2013). 2.5 A minimum load current and disconnection within 0.8s. 
There product standard doesn’t hit this – as it deems 1s as acceptable which at 2.5A (50V) will equal 125 J of energy.



Martel J M (2013) Series Arc faults in Low-Voltage AC electrical installations. PHD Thesis Univeritatsverlag Ilmenau 2018. Available from: <https://www.db-thueringen.de/servlets/MCRFileNodeServlet/dbt_derivate_00040316/ilm1-2017000635.pdf>



®  \WHAT ARE AFDDs

— Different types and configurations available.

SIARC |
AFD unit
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From left to right….

Wylex (Electrium / Siemens) – Standalone AFDD RCBO – 1 way per circuit.
Wylex (Electrium / Siemens) – (Detachable) AFD unit paired with an RCBO – 2 ways per circuit.
Proteus – AFDD RCBO (Non-detachable) – 2 ways per circuit.
Eaton – AFDD RCBO (Non-detachable) – 3 ways per circuit.
Eaton AFDD RCBO (Non-detachable) – 3 ways per circuit
Hager AFDD MCB (Non-detachable) – 2 ways per circuit HOWEVER if the circuit in question needs additional RCD protection (BS EN 61008), e.g. ring final circuit, this solution could end up being 4 ways per circuit.


“  WHAT ARE AFDDs

— The AFDD monitor needs to be
paired with a device that can interrupt
the circuit in the event of a fault

— This switching element has been
achieved by using existing I
technology, in the form of MCBs or
RCBOs

— The combination of AFDDs and o5 by MCBor D

RCBOs can be described as
enhanced protection for electrical
- installations

HECA

gineering Services
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Adding the capstone to electrical safety.

Image: Figure 2, BEAMA Guide to Arc Fault Detection Devices, Second Edition 2018.



WHAT ARE AFDDs

— Standardisation?
— Different coloured LED status indicators
— Different fault sequences
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Different colour lights ((From Left to Right)):

1. Wylex (OLD) (2 module) – Red normal / yellow or red flashing – indicated a fault condition.

2. Wylex (1 module) – Red normal / yellow is fault condition – different no. of flashes equates to different fault.

3. Eaton – Green normal / yellow fault condition – diff. no. of flashes for diff faults.

4. Proteus – Yellow normal / flashing yellow fault condition

5. Hager – No led indicator present – unknown reason as to the disconnection.

Standardisation would be welcomed otherwise from a maintenance point of view you would need to refer back to MIs each and every time and for every location. 
Eaton one is a leaflet not a sticker – likely to get lost.
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“  HISTORY OF AFDDs

— Based on AFCIs — been around since 1990s
in North America — to be used in bedrooms of
residential premises

— Combination AFCI/GFCI mandated in new
and existing residential premises from 2011
(NEC Code)

— The standard for these devices is UL1699
which is part of ANSI — the pre-cursor to our
IEC 62606 for AFDDs

SHERI R GEN

www.eca.co.uk Technical Manager



Presenter
Presentation Notes
Introduced to prevent/curtail the number of domestic house fires in the US.
Remains domestic only.
NEC (National Electrical Code) 2011
Same test procedures in 62606 as in UL1699, with minor changes.



“  HISTORY OF AFDDs

— So, are we in the UK just playing catch up then?

— NOT Necessarily:
— America has a different electrical system

— Typically, the arc signatures are larger due to higher load
currents, thus easier to detect

— The building medium within the US is of a combustible type -
i.e., Wooden buildings, thus the effects of fire are more acute

— Resultantly the introduction of AFCls and Combination
AFCI/GFCls led to improved fire stats in US

— Differences in flora and fauna
— Bending radii of flexible conductors on plugs

EQ% ECA Shahid Khan
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Think P=VI : Reduce the voltage increases the current to achieve same power output

The combination GFCI/AFCI is akin to our AFDDs (except the Hager one).

Generally speaking the UK does not have wooden buildings, HOWEVER this is changing with MMC, and Timber-Framed Buildings (residential).

The improvements in fire stats may not be as pronounced in the UK, however, it may be worth taking the fire loading within buildings into account.
Increased plastic and petroleum based products and open plan buildings could negatively impact the evacuation time.
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“  TYPES OF FAULTS

— RECAP:

— Parallel arcs between live conductors or live conductors and earth

— High energy release, usually detected by MCBs, RCBOs, RCDs -
current technology available

— Serial arcs on the same conductor —
— Low energy release, currently undetectable without using AFDDs
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Focus is therefore on Serial arcing as the main issue that AFDDs resolve.


TYPES OF FAULTS

— There are two main ways of
producing a serial arc

1. Voltage breakdown:

— A damaged or severed
conductor where the two
ends are in close proximity
to each other (< 6 microns)

— Arc travels from one end to
another, and “transfers”
across an air-gap
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6 microns comes from Paschen’s Law – this is the gap to achieve a good serial arc.

Closer: it will melt at the interface and fuse the joint.
Further away: too far to overcome the gap.



TYPES OF FAULTS

2. Creepage on char:

Electrical PVC tape

. . A + fibreglass tqpf; 3
— This requires a sample to be i Y P
prepared P 1. S— =
\ . o \ =y
— The sample is compromised g wre N W
n-able&ltilr?sulgﬁan llbi for connection
and then charred (to lay N
down a carbon bed) N

— Once done, the arc is then
expected to track across the
carbon bed
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Describe process of preparing the sample.
Standard asks to pass 15kV through the sample
My sample was thus burnt for 10 secs to lay down the carbon bed.


®  TYPES OF FAULTS

— In REALITY, both need the
presence of carbon

— This is specific to the type of ) \
cable insulation

— PVC readily becomes
carbonized / chars

— XLPE (and other insulating
materials do not char)
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In reality the voltage breakdown to air doesn’t work and is not realistic.
This was modified to bring it closer to real word conditions. – introduced pvc sheathing (covered 50% of the sample).
Carbon now on at the interface and within the pvc sheathing.

If the cable type used is non PVC – there will be limited charring – therefore no need for AFDDs as they wont be able to detect the signature.


®  TYPES OF FAULTS

— XLPE: the cross-linking S
inhibits molecular R .
movement especially
when the sample is
heated, providing
increased stability.

— No charring on the XLPE
sample.

— PVC sample starts to
disintegrate due to the
carbonization, partial
combustion.
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XLPE contains chemical additives that enable the molecular chains to form a rigid lattice structure.
Provides better heat retentive characteristics.
XLPE experiences almost total combustion and becomes gaseous as opposed to leaving an ash (carbon) residue.
Becoming more popular for electrical applications.
NO charring = no arc tracking!


STANDARDS & TESTING
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®  STANDARDS & TESTING

— Product Standard — BS EN / IEC =
62606 based on the US version for .y HJ_H,
AFCls (UL1699) w0 3

HET/’_

—_— Serlal ArC TeStlng |S a” based On m Figure 4 — Test uit fo fault test
presence of carbon — therefore need \ DT i
aged conductors/cabling to be \ M7 s _
effective __ gl mw *_.ﬂad
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Arc generator utilises one carbon and one copper electrode.
Before testing, I couldn’t understand the practical use of the carbon electrode – now it is clear.
AFDDs work on aged cables, and need the presence of charring/carbon to track the signature.

Raises question about new cables, non-PVC cables!!!
Also, it is difficult to justify how cabling became severed and charred in the first place.
And, if the cabling were to be in such a state, is it correct to simply use a device which will allow such cables to remain in-situ?




STANDARDS & TESTING

— BS 7671:2018+A1(2020), Requirements for Electrical Installations,
IET Wiring Regulations 18t Edition

— 421.1.7

4117 Arc fault detechion devices conforming to BS EN 62606 are recommended as 2 means of providing
additional protection against fire caused by arc fault= m AC fmalcirenits, "0

K used, an AFDD shall be placed at the ongin of the corcwt to be protected.
NOTE: Exmmples of where sach dewices can be nsed inchade:
» premizes with slesping accommodation
= locations with a risk of fire due to the nanmre of processed or stored matenials, ie BE2 locations (e g. bams
wopdworking shops, siores of combustible matenials)
= locatons with combustible constoctional materials, ie CA2 locations (e g, wooden buildings)
= fire propagating stucnmes, i.e. CH2 locations
* locations with endsngering of imeplacesble goods.

SECA |

Excellence in Electrotechnical
& Engineering Services

Shahid Khan
www.eca.co.uk Technical Manager


Presenter
Presentation Notes
3 regulations: 421.1.7, 532.6 and 643.10

Recommended – Not mandatory. 
Totally understand that the interpretation is to adopt recommendations out of fear but there is a difference.
Can draw a parallel with stat regs: EaWR – Absolute and Reasonably Practicable

Sleeping Accommodation – this is a throwback from the US equivalent, where AFCIs were first introduced for domestic bedrooms.
Not typically aimed at houses but more for hotels / guest houses etc.. But nothing preventing the use in domestics.



STANDARDS & TESTING

— 9532.6

532.6 Arc fault detection devices (AFDDs)

Where ﬁ:ﬁed.. are fault detechon devices shall be mstalled-
(1) atthe ongn of the final curcwits to be protected, and
(1) m AC single-phase cirewmts not excesding 230 V.

AFDDs shall comply wath BS EN 62606. Coordination of AFDDs with overcirrent protectrve devices, if necessary,
shall take account of the manufacturer's instruchions.

— Specified by whom?
— ldeally: Competent Fire Officers, Fire Engineers etc.
— Needs to be somebody who can accurately analyse and evaluate

a smtgble fire risk assessment

Q% ECA Shahid Khan
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3 regulations: 421.1.7, 532.6 and 643.10

The wording is problematic and unclear.
This may be out of the scope for most engineers – however everyone involved with the design process has a duty of care.

Assuming they are specified – an AFDD is installed at the origin of each and every final circuit to be protected, (ie. within the DB / CCU)
AC single phase circuits up to 230V (Uo) – no three phase device is available.


STANDARDS & TESTING

— 643.10

64310 Functional testing

Equpment shall be subjected to functionz] testimg, as appropriate, to venfy that if 15 properly mounted adjusted 2 : 2
and mnstalled and operates comectly m accordance with the relevant requirements of this Standard Examples of | = 7 ||
such equipment are: ; S Bl G2
- switchgear and controlzear assemblies, drives, controls and interlocks t - : 5
- systems for emergency switching off and emergency stopping NT‘ This installation, o A
p 2 A ' ich automati part of it, is
- insulation monitoring. syice WhICh & t0maltically switches off the
ik . o 18! Quarterty by pressing |
MOTE 1: This list is not exhanstive. t”. The device should switch |
. ) ) ) . . be switched on to restore
Protective devices shall be submutted to a test of thear funchion, 25 necessary, to check that they are properly installed g:z not switch off the
and admsted. Where fault protection and/or addiional protection 15 provided by an RCD, the effectiveness of any |0 ﬁ‘?___‘?xpert advice. oz
test facility incorporated in the device shall be ventfied. - '
Where an AFDIT) 15 installed the effectiveness of any manually operated test facility shall be venfied in accordance

MOTE 2: This fimctional test does not replace the fimcHonsl tect indicated by the elevant standands

K% ECA\\j Shahid Khan
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3 regulations: 421.1.7, 532.6 and 643.10

Note 2 mentioned in the Reg is acknowledging the “self-test” function of AFDDs.

Included for accuracy/completeness only.
Some AFDDs come with a label or a sticker to fix to the DB/CCU.

(Unlike RCDs – six-monthly)
No standardized timeframe / interval between tests has been specified.
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= POSITIVE POINTS

 Most AFDDs work within certain parameters

* |If used correctly they can be beneficial in some instances — aged
cables

« Therefore could prevent fires and thus save lives (people and property
- BS7671)

« Can a cost be put on saving lives?
« Enhanced electrical protection

 Parallel arcing fault detection improved as the AFDD may operate in
preference to the MCB/RCBO element

EQ% ECA Shahid Khan

www.eca.co.uk Technical Manager

5 ervices



Presenter
Presentation Notes
Parameters: Sufficient load current | Presence of carbon | PVC cabling.
Where there is an elevated risk of fire or specified by a competent fire officer/engineer etc.
One years’ life is valued at £20-£30k
Cost Benefit Analysis -  HSE statutory/regulation changes are subject to CBA so why not introductions into guidance documents like BS 7671 also?
No doubt that including additional devices will enhance the level of protection, but it doesn’t mean that the lack of these devices is thus an unsafe installation.
They may disconnect parallel faults quicker than MCBs but the time is relative – and as long as the designed for disconnection time is achieved (typically 0.4s) then protection is achieved.


LIMITATIONS
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= LIMITATIONS

* The scope of AFDDs needs to be finessed

« They are not the silver bullet to prevent all fires within the built
environment

« The USP is serial arcing, which is reliant on the presence of carbon —
l.e., old/aged cabling - but CBA of using AFDDs versus a Re-wire?

* The carbonisation is prevalent only on PVC cabling
 Need sufficient load current above 2.5 A Martel y 2013)

EQ% ECA Shahid Khan
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Finessed = reduced to residential premises only.
Serial arcing was classified as “pie in the sky” by an American academician – Engel J 2012: 

Engel J (2012) Combination AFCIs: What They Will and Will Not Do. IEEE IAS Electrical Safety Workshop, Daytona Beach, FL, USA, 2012, pp. 1-18, doi: 10.1109/ESW.2012.6165548. Available from: <https://ieeexplore-ieee-org.ezproxy.leedsbeckett.ac.uk/stamp/stamp.jsp?tp=&arnumber=6165548> 

PVC cables are the issue – easily charred/carbonised.
Sufficient load current is required for the devices to work correctly, ie. the energy released from a arc is greater with a larger load current, thus any irregularities are easier to spot.

Martel J M (2013) Series Arc faults in Low-Voltage AC electrical installations. PHD Thesis Univeritatsverlag Ilmenau 2018. Available from: <https://www.db-thueringen.de/servlets/MCRFileNodeServlet/dbt_derivate_00040316/ilm1-2017000635.pdf>



= LIMITATIONS

* Not all AFDDs are the same: algorithms | coloured indicators | size of
the device per circuit

* Non-updatable
 Parasitic load — Net zero carbon?
« Cost prohibitive

« May cause nuisance tripping on “conventional arcing” from brushed
motors or switching devices

* Increased maintenance — require manual operation of the test facility
periodically

EQ% ECA Shahid Khan
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Standardisation – lacking.
Non-updatable – generation 1 vs generation 2: recalls?
Can’t add additional signatures that may have been missed originally.
AFDDs are required on each and every final circuit required to be protected – cost from personal experience ((£130-140 per device ex vat)).
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® PRACTICAL IMPLICATIONS & FUTURE USE

* The devices can need 1 — 4 ways dependant on manufacturer (and
application)
* This means an increase in the size of other equipment (enclosures etc.)

* Not to mention more space in the electrical switch room / riser
cupboard(s)

» Retrofit modifications to the equipment, (e.g. busbar) — manufacturer
approved?

* Only the interruption in relation to product standards is the same, this
may not be reproducible with real world situations

EQ% ECA Shahid Khan
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Manufacturer warranty


SUMMARY
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SUMMARY

« AFDDs are a recommendation only

« AFDDs have been around for a number of years in different forms

* An electrical arc is very specific type of fault — serial and parallel

 AFDDs come all shapes and sizes

* No standardisation — LED fault indicators / interval for functional test

» A significant need for carbonisation/charring for AFDDs to detect fault signatures
« XLPE and other Fire-proof type cable insulations do not carbonise

* Non-updatable and cost prohibitive

» May be beneficial on older installations however...

« This leads to a conscious acceptance of a safety risk within an installation that is being
MONITORED

EQ% ECA Shahid Khan
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®  QUESTIONS?
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Any questions?
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