Safe maintenance of high voltage electrical vehicles (HVEVS)
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1. Introduction

Type of paper
Abstract: In the framework of the Sustainable DevelopmentI&aa a
world scale, certain strategic decisions have lmeade that will affect the
Environmental, Social and Governance affairs angrek deep into our
everyday life. One of these decisions is the adaptif electro-kinesis in
vehicles instead of the internal combustion engikleslth & Safety is the
science of prevention; hence, managing change és dbre of its
objectives. This impressive technological changéaibn hazards that
result in risks that have thus far not been reaasiiyessed under the EU’s
extreme pressure of achieving an economy with emi-greenhouse gas
emissions by 2050 the contribution of commerciahsportation being a
serious challenge.
On the other hand, the thus far experience hasrslioat the use, repair
and maintenance of high-voltage electrical vehjoldsich use electricity
as their main power drive, present special risk¢ anly for the
automotive industry maintenance technicians buttlier road assistance
personnel as well, since the technology is extrgmelw so there is not
sufficient historical incident data.
This paper will present a generic approach risksssent on the hazards
of electric vehicles that are mainly driven by higlitage DC batteries,
the thus far EU requirements of repair shops, ihe frotection and
environmental challenges of the exposed professiomeluding road
assistance personnel and provide recommendationdufther safety
technical as well as organizational measures tadbpted.
This work should be considered more of a discusp@per having the
ambition to draw the attention of the scientific a&ll as business
community on the safety mitigation measures thastrbe developed and
integrated throughout the electrical vehicle’s dymhain and lifecycle.

resources, either legal or technical or emergemcy t

In the framework of the Sustainable Developmentl§oaminimize the new and emerging risks entailed in any
(SDG) in a world scale, certain strategic decisibage New endeavour.
been made that will affect the Environmental, SociaS0, this paper is more of a discussion paper whose
and Governance (ESG) affairs and extend deep imto Pbjective is to stir up the interest in full-eleca

everyday life.

vehicle safety for mainly maintenance personnel and

One of these decisions is the adoption of eledmedis Provide a first approach review of what is already
in vehicles instead of the internal combustion regi SPecified, identify the existing gaps and provide
This impressive technological change entails hazargirection and guidance on the issue still pendiaithat
that result in risks that have thus far not beeadilg have to be immediately addressed prior to expeirignc
assessed under the EU’s extreme pressure of ashievf large-scale disaster.

an economy with net-zero greenhouse gas emissipns P this way, the author has the strong convictiiave
2050 the contribution of commercial transportatiorfontributed to the SDG3 by “ensuring healthy lieesl

being a serious challenge.

Health & Safety is the science of prevention; hencénaintenance personnel as well as users, SDG4 by

promote well-being for all at all ages” including

managing change is the core of its objectives amees “ensuring inclusive and equitable quality educatzoml
this change has reached our doorstep, the OccuphtioPromote lifelong learning opportunities for all” dhe
Safety & Health Science must examine the relevaf€W and emerging risks of this technology and SDG7
issues arising for all involved parties namely ehi “guarantee access to affordable, safe, sustaintie
industries that must deliver a safe product, mamtee Mmodern energy for all” that will be hopefully beethase
professionals that must preserve its longevity an@f electrokinesis.

usability, consumers that must enjoy the produfglga

and the political entities that must provide thkevant



Symbolg/Oznake

- electric current flowing through a

' conductor, A SubscriptsIndeksi

- voltage across the conductor or between
\Vi . b - reference to human body
the two traction battery poles, V

- reference to touch potential betwegn
two body parts
- maximum quantity

R - conductor resistance), ¢

P - traction battery power, W

Greek letters/Gréka slova
- Ohm, the unit of electrical impedance

Q
measurement

- . human tissue when the latter comes in contact
2. Hazard recognition and Analysis with a live conductor, or
21. Electrical hazards e an arc flash/ arc blast injury due to instant high
An a priori clarification must be made regardingsth temperature, >0,01sec and >15%M0
chapter as well as its further analysis to avoidfiesion. shockwave exposure, caused by a short circuit
This work refers only to all-electric vehicles, nelsn between two live conductors too close in
vehicles whose main driving power is provided by proximity allowing a fault current to be
electric motors which are fed by battery trainsddes created to bridge the gap between them
not examine hybrid vehicles whose electric motaes a through ionization of the ambient air

used as alternative power supply to move the vehicl It is well known that, in spite of the fact thaete must

In the regulation CEC-100 [1] and [2], governing th be a voltage difference to create a current flavthe
safety specifications for all-electrical vehiclegjigh current magnitude that is hazardous to the humaly bo
Voltage' means the classification of an electriccreating blood electrolysis, burns and organ malion
component or circuit, if its working voltage is ® &  (pulmonary and/ or heart defibrillation).

and< 1500 V DC or > 30 V and& 1000 V AC root In order to calculate the current flowing throughya
mean square (rms). structure that becomes under potential (voltage
We can thus derive the conclusion an all-electeisicle ~ difference); in the case of a DC power source the
is considered a High Voltage Electrical Vehiclestructure is considered to provide resistance wien
(HVEV) since its power train exceeds thewe use Ohms's Law as per equation (1):
abovementioned limits. I=VIR, 1)

Since we are going to analyze the hazards of theat, in case of the human body, it is adjusted as
HVEVs, electrocution is the most probable incidenfollows:

scenario we are going to begin with not excludititgeo 1,=Vi/R,. )
scenarios but of inferior probability and severity. in which:

The first point we must consider is that in thg - Electric Current flowing through a human body

occup_ational contemporary re_ality the direct curren, — Voltage measured across the human body (touch
(DC) is harmless, since most risk analyses, assrdsm potential)

and mitigation measures are consumed with t}"ﬁbz Body Resistance

alternating current (AC) application hazards. Itnse |, gpite of the fact that the ,Rvalue is variable
that AC currents entail higher risk since theieaiating depending on the electrical current path, the skin
characteristics intervene with the heart's pulsatio thickness and moisture. the surface conta;:t arel an
Also, it is experimentally proven that the humam$o qher factors, we can use a reference value of QGO0
has higher threshold endurance to the DC curreBhoy pC to 1000 for 700VDC [3]. Assuming also a
consequences affecting the body tissue and loss ffac time duration of current flow through the hotihe
muscular control due to contraction [3]. Yet, DGreat threshold value to a DC current is 150mA DC.

is just as ha;_ardous as the AC CL_Jrrent under thepo Applying Ohm’s Law of equation (2) for personnel or
output conditions of a HVEV, which ranges from 400ygers that may accidentally be exposed to DC touch
800 VDC. _ potential of a HVEV, we may make some rough
In any case, the exposure to a voltage differeatls&s 5icyations. Their traction battery pole voltagenhich

the electric current to flow through the human body,, body may be exposed to a touch potential js V
causing either: =400-800 V. Considering that a HVEV traction batter

* an electric shock, which is a bodily stimulationgnergy output is between 24-100 kWh, and by
when electrical energy flows through the



considering a 4-hour battery autonomy (full-powewhen a HVEV vehicle replaces an internal combustion
operation), a HVEV's traction Battery Power is P26— vehicle the area must be previously cleaned thdrgug
kW or 6.000-25.000 W, hence the current outpufo avoid electrocution hazards, cables for hightags
produced is: buses which are not located within enclosures dball

| max = (P/V)=10-60 A (3) identified by having an outer covering with the auo
Applying the same formula (2) in this case and foPrange. _

400V, which is the best case, the correspondi dditionally, all Rechargeable Electrical Energy
resistance is R10002 [3], which yields an torage Systems_ (REESS) must. bear a .yellow-
electrocution current of 400mA way above the 150mAackground electrical shock hazard sign, as inréidu
limit.

2.2. Magnetic field exposure

This voltage is high enough to produce magnetidgie

that can also cause problems to maintenance pegisonn

that wear pacemakers or other implants that are

sensitive to magnetic fields.

2.3. Fireand explosion hazards

HVEVs power trains use “Open type traction batt&frie Figurel. Marking of HV equipment

which means a liquid type battery requiring refidi

with water and generating hydrogen gas releasebeto aqgitional signs must be placed, on top of the HVEV
atmosphere [2]. _ _ near the steering wheel, on the windshield andvbelo
That in turn means that, during maintenance, th8tMane hood when it is open.

flammable gas is released that may reach explosiy§ectrically 1000V-rated insulated tools must alse
conditions. o purchased and used by maintenance technicians.

Als_o, the electrode metal, L|th|_u_m, may overheatf-s pgrsonal Protective Equipment (PPE) should be
ignite and explode under conditions that have @& ,rovided and used by maintenance technicians iimgud
meticulously investigated yet [4]. The electrolytesectrically insulated safety boots, 1000V eledric
contained, are toxic and their vapors may ignite Qloves, insulating aprons, masks and respiratarse f

explode as well [S]. shields, goggles or glasses but also arc flashratise

Extinguishing such a fire requires only specializeq oca| or small-enterprise maintenance shops areas a
knowledge and equipment that even fire fighter1dd  gometimes accessible to clients, which are ceytainl
possessyet. o _ unaware of the seriousness of the hazards involved
The only extinguishing media is water in amplejyring their HVEV service. Hence, maintenance area
quantities usually 4-32 frio cool down the vehicle to a access must be strictly prohibited to all unautreni
temperature I_es_s than °T which is considered a Safepersonnel, including colleagues that are not dedtif
temperature limit [6]. HVEV technicians as will be discussed in the folilogv

2.4. Hazardous chemicals exposur e hazar ds Additionally, each vehicle must be maintained in a

The electrolytes contained in the power trainstaxic ~ dedicated area with impermeable and incompatible to
as well as corrosive. Exposure to fumes may cause s the electrolytes industrial flooring and fenced fiples

or long term diseases, not to mention the damageeto and the appropriate safety signs as shown in figure
environment in case of spillage.

Maintenance will have to keep a stock of powemsai
or batteries, either for maintenance or for dispdbase
Battery Storage Areas will contain large quantiteds
electrolytes and will include charging stations,tkey

will create hazardous emissions of hydrogen and
electrolyte fumes creating additional exposure tdza
to maintenance technicians in the area.

3. Safety Measures  for HVEV ‘-':9

M aintenance Per sonnel

] ] <> |
3.1. Preventing electrocution [1] and [7]
The HVEV maintenance area must be dedicated and
constructed for this purpose only; internal comioust Figure3. Example of a HVEVs maintenance area that is
vehicles may be serviced in this area but not vieesa; isolated and demarcated



3.2. Preventing magnetic field exposure Maintenance Shop as per figure 3, or else suchrem a
Without violating the provisions and mandates ofmay be leased from a Road Assistance Company.
GDPR, each HVEV Maintenance employer must have . 4.60m - S

issued a fit-to-the job certificate for all techiaios that
will be executing HVEV maintenance tasks in close }

proximity with live HVY DC or AC components by an [ L]
Occupational Health Doctor, to get the necessaajthe [ |
clearance. This certificate has to be renewed etveoy
years or less in case of technician health deti@n.

,lm

. Electric
3.3. Firesafety measures vehicle

Spontaneous fire is quite rare in HVEVs, but not

improbable; the issue is that these fires cannot be

extinguished by conventional fire extinguishersicsi

they are initiated at the hermetically closed power

trains. The only effective extinguishing mediunwiater

but in quantities that are unavailable in converdio

maintenance shops as the water supply requireraeats

quite demanding as described in paragraph 2.3 above

Also, the fire-fighting techniques can only be apglby AM o 60m —se M

professionals with the appropriate training andngsi

lsapS?CIf?)lr Pnﬁ(freaqﬁa?\qlgﬁ;nehn;uﬁtt))é?(;?eell i':\ilslz\gf?éiyry;*igure& Outdoor anrantine Area for staging problematic
. . HVEVs until they are cleared for indoor repair &

extinguished [6]. maintenance [7]

Therefore, HVEV Maintenance Shops must have direct

access to traffic routes that can be easily reablyetie

Fire Brigade vehicles.

5m

parking
only

7m

1m

——

In this area, the problematic HYEV must remain lubti

. is deemed safe to be moved to the Maintenance Shop

Consequently, the measures of the Maintenance Sh%? - o )
INterior area. Providing clearance of a quarantined

must be focus_ed on prevention of electrical _f|resl & HVEV means that a thermal imaging inspection mast b
explosions, which means that the HVEV maintenance ' .
: . conducted to spot any overheating problems with the
area must be kept clean and tidy, smoking and open :
) o ower train.
flames must be strictly prohibited, flammable an . . .
. ; I hat means that an infrared (IR) thermal imaging
combustible materials must be kept to a minimum for

the daily tasks, waste bins must be non-combustibte Cﬁmera has to be_ purchased and some technicians
. ould become certified thermographers to be able t
bear pedestal-operated lids, the waste must B

frequently removed and the hot work permit systemu(ge the camera to identify hot spots or areas at th

must be applied, among other requirements. power train prior to intervening for repair.

It is also strongly recommended that a Fire Safttyl Additional inspections must include critical tramti
: aly ; S battery State-of-Health (SoH) assessment that dedlu
is conducted in order to specify the appropriatespe

fire safety measures like fire compartmentatiomatoid leakages, emissions, deformation or other failasgser

fire spreading and the use of non-combustible girat the manufacturer's manual.

materials. Fire alarm and suppression systems lil34. Hazardous chemicals exposure prevention
smoke detectors, sprinklers, fire pumps and watees measur es

are also strongly recommended. The Maintenance Shop owner must have available all
Where applicable a Fire Safety Permit must be obthi hazardous chemicals Safety Data Sheets (SDS’s) and
as per the local regulations. implement the prescribed safety measures.

Additional measures may include the use of fireprodSince, both in the HVEV Maintenance Area as well as
isolation curtains and possibly a minimum of 20min the Battery Storage Area hazardous chemicals are
water tank feeding a dedicated to the purposefirap. staged, transferred and used, the containers nmist b
Battery Storage Areas, must be assessed for e@plosstored either in certified hazardous or flammable
risks by developing an “Explosion Protectionchemical cabinets or on secondary containmenttpalle
Document” as per the ATEX Directive [8] and, ifAlso, depending on the ATEX Study results, the
necessary install EX-rated equipment. installation of explosion proof equipment should be
Another issue to consider is that more probabldiegse implemented.

that happen when a HVEV presented a failure thdthe appropriate Chemical Spill Kits should also be
rendered it inoperable or after a collision witle #ame installed containing appropriate to the chemicaldl s
result. materials and PPEs.

In this case, the Hellenic legislation requiresttha Needless to say that an effective emission extmcti
Outdoor Quarantine Area is available for eaclsystem must be installed at the Battery StorageaAre



which may be explosion proof should the Explosiorthe safe and proper execution of maintenance wamks

Prevention Document requires it. HVEVs.
An indicative design of both Maintenance and BatterTheir duties include, for the HVEV Level 2 Techaigi
Storage Area is depicted in figure 4. e HVEV’s reception

e IR camera battery check
e placing a “suitable or unsuitable for use” sign
over the vehicle
e providing instructions to the HVEV Level 1
Technician who acts under the responsibility of
Level 2 Technician
The duties of the HVEV Level 1 Technician include:
e placing a red warning sign on the vehicle
windshield
e placing a yellow safety sign on top of the
vehicle
e conducting the maintenance tasks under the
supervision of the HVEV Level 2 Technician
Figure4. Schematic of HVEV Maintenance and Battery  The name of the HVEV Level 2 Technician must be

Storage Areas [9] visibly posted at the premises at all times as aslbn
the safety sign on the vehicle.
3.5. Emergency procedures The abovementioned Technicians must be trained

It has been so far clear that, in case of a firdy the before undertaking their duties, but no specific
Fire Brigade can effectively intervene to suppréss curriculum has been mandated yet.
hence, an “Evacuation and Emergency Plan in case of

serious and imminent danger” as well as of ai'?' Ottk)ler Orga?|zat|(§)nalMe_fe.1&Jreds i d
“Evacuation Procedure in case of serious personn Pe abovementioned 'Specilics do not supersede or

injury” should be developed and tested at leastevei cancel the general OSH requirements of the emplayer

year, since in case of an incident evacuationesotiy ~conduct a Risk Assessment [10]; consequently, each
safe’practice HVEV Maintenance Shop Owner has to have an

A “H d Chemicals Spill Control E pdat_gd Risk Assessment _Study by the Safety
Plan"azs%roags be edr‘gl\j:;gpedpl Emct)err]grgncy ms;%%gcn)}ééactltloner in collaboration with the HVEV Level 2

Teams assigned and trained and a spill drill cotedlic echnician; then, the two professionals must dexelo
at least once a year safety procedures and guidelines regarding the HVEV

maintenance and repair work.

3.6. TheCertified HVEV Technicians The details of the people responsible for the
The Hellenic legislation [7] requires that two tgpef implementation of the corresponding procedures must
Technicians are appointed and certified to condugie clearly posted in every individual area of théBV
HVEV maintenance works: Maintenance Shop premises.

The “Level 1 HVEV Technician” is defined as the .

technician that, under the guidance of a Level ZEMy -8 Road Assistance Personnel _

Technician, performs basic vehicle maintenancestaslén issue that must also_ be tackled is the exposdre
not related to the HVE system. They are familiathwi escue Personnel (first responders) and Road

the general structure of the HVE system and iléssistanc_e Personne_l (second resp(_)nders_) in case no
associated hazards only of a fire but also in case of a traffic accitle

The “Level 2 HVEV Technician”, is defined as theThe deformation of the HVEV's body and frame aqd
e fact that some of the new technology powensgrai
?omprise structural component, creates unforeseen
azards to the second responders that may be edvolv
towing away a HVEV, since its frame may have
ecome under high voltage.

technician that knows and checks the power supp
interruption in HVE systems, preventing accident
activation during maintenance. The Level 2 HVEV,
Technician knows how to remove and reinstall th
battery on a HVEV, undertakes the battery repather _ .
recycling procedure and has the knowledge andtyes\biliIn t_h|s case, Ro_ad Assistance personnel must be
to safely restart the HVE system. They are resptmsi provided or otherwise seek safe methods of tow-aavay

for every task carried out on HVE systems and magVEV from the manufacturer itself, since, as thtgtes

perform tasks whether or not the HVE System is und t their Alliance of Original Equipment Manufacttise
voltage OEMSs) site, “An automaker’s top priority is its

In each HVEV Maintenance Shop, a Level 2 HVEchstomers’ safety, as is safeguarding the oveeslth

Technician i inted th il pf the motor vehicle fleet utilizing our nation’saed _
echnician 1s appointed as the person responsaie roadways every day”, and “OEMs develop repair

procedures to help safely restore vehicle systems t



proper conditions” [11], hence they are committed tHVEV Level 1 & 2 Technicians to assure easier
providing these procedures to any post-collisioeompliance  through a  safety = management
involved party. implementation culture.

In any case, the Road Assistance Company Owner Bait, most of all, car manufacturers must speedheyr t
also bound by the general OSH requirements of thmattery trains technology research not only to exahi
employer to conduct a Risk Assessment [10], buy thdonger autonomous HVEV ranges, but also to assure
do not hold the knowhow to identify the risks espltg  that all stakeholders, including the users as aglfirst
under the conditions of an enclosed power train. responders, stay safe and enjoy the new technology
In any case, Road Assistance personnel must bear #uvantages while contributing to a better futureoof
same PPE as the ones of a HVEV Technician asique planet.

described in paragraph 3.1. In case of a thermahtev
however, they must be aware of its indications,civhi
are emission of smoke and popping noises when it [l%]
preferable to call the Fire Brigade and keep a safe
distance of at least 20m or more according to tine F
Brigade’s directions when the latter arrive.

A damaged by fire vehicle can only be towed away on
under the Fire Brigade’s directions; needless jotkat
Road Assistance personnel must also be trainedan h(2]
to tow away a damaged HVEV without risking
themselves.

4. Conclusions

High Voltage Electrical Vehicle (HVEV) technology
may contribute to the achievement of the ambitious
Global Sustainability Goals; however, despite their
intense promotion and the promising business paispe [3]
new and emerging risks are involved for the userts b
most severe ones for maintenance and road as@stanc
personnel that are called to handle vehicles that be [4]
in inoperable or problematic condition.

Main risks include electrocution, fire, explosiomda
exposure to storage and handling of hazardo&g]
chemicals.

Hence, all the involved parties must cooperatethice
these risks to as low as reasonably practical.

Car manufacturers must provide information and safe
methods of work to the Maintenance and Roatf
Assistance personnel for their HYEV models prior to
the new models market release.

HVEV Maintenance Shop owners must invest in theif7]
premises safety specifications upgrade and thehpsec

of new equipment, according to the new legal
requirements as well as specialized studies on Fifg]
Safety, Explosion Prevention, Hazardous Chemicals
Spillage Handling and Emission Control; assigning
duties and training their employees on the new a
emerging risks of HVEV maintenance is also a
requirement they must organize to comply with teevn
requirements.

Road Assistance owners must also invest in trainir%o]

their employees on the new and emerging risks of
towing away a HVEV and in providing them with
special PPE and other equipment.

All the above must facilitate each other in conmali
effective Risk Assessment Studies that mitigate MVE
handling risks to trivial levels.

The State in cooperation with the rest of the ingdl
parties must develop a Certification System for the

] Archer
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