MIN — B3 — 135, av Pierre SEMARD — 84 000 AVIGNON ¢ edex FRANCE
Tel. +33 (0)4 90 87 00 07 o Fax +33 (0)4 90 81 08 05

Lead acid / gel
Battery Regeneration

SERVICE MANUAL

Equipment: BRT 20-3

Mo BRT 20-3 0 Version 2
AVRIL 2010 Prog V2.3



MIN — B3 — 135, av Pierre SEMARD — 84 000 AVIGNON ¢ edex FRANCE
Tel. +33 (0)4 90 87 00 07 e Fax +33 (0)4 90 81 08 05

CONTENT

L. FOREWORD ...ttt ettt ettt ettt e st ettt e e e e e et e e e e 3
1. SAFETY REQUIREMENTS ..... ittt ettt ettt i e et e e e e s s reeeeeeeeeenaas 6
2.1REMOVING THE BRT FROM THE CRATE ..ieuiituiitiitiettieteetieetiesnseteeternneennesnestaseneesneesnessneens 6
2.2EQUIPMENT INSTALLATION AND ENVIRONMENT  iituiiuieniiiniiieetieniitnirteesesnsernnsnnneessesnsesnes 7
2 1 @YU 1T PR 7
2.4CONNECTING THE EQUIPMENT  euuiitiiiuieitueeeteeetee et eeetneesnesenaaeeesneesnneesnaesneetnsaennaaenneeeneesns 8
2.5CHOSE YOUR LANGUAGE AND SELECT THE ALTERNATE CURRENT FREQUENCY ....cccovvvnivnnenn. 9
2.6 AIRVENT IN THE WORKSHOP ..ituiiuiitiitiitietieetieteitsstssnssanseanssssstsssnsetsrtsesnrsteraaernsesnns 10.
2. 7TREQUIRED EQUIPMENT 11uuttuittuetutsuettneetesnsesnseseenssssesensesssessesnsesnsetneetieseesneetiereesnresnnees 10
2.7.1REGENERATION EQUIPMENT. . euuituiitnietienetnseteesesnttsnetsssnsssnsssnsssnsesessssssnsesneenieseesneenns 1.1
2.7 . 2STAFF SAFETY EQUIPMENT ..t uttutttutttestesueeseetesnsesneetestsensesnsssneetaeensesnsesareneesnsesneesneens 11
. REGENERATION PROCESS ... ittt ittt sttt et s it i tieeieieeiesseeianeeeeeen, 12
3.1 GETTING READY AND START UP 1uuiiuiiiiiitieitietteetieetiestiesnseteetesnneesnesnsetaeetaesnresresaeenieseesneees 12
3.1.1BATTERY PREPARATION ... tuitutitiettetntiteetestttansetesstssnsessasessssssnstaeetasnsesnsetiesssssnsennns 12
3.1.2CONTROL AND BATTERY CELLS MEASUREMENT ...cuuttttituieteeniirneerieeniesneeseesiernnsesnsesneesneens 13
A) Cell VOITAGE ...eveiiiiii it 13
D) Cells acid denSity .......cccoiiuiiiiiiiiiiiii e 14
3.1.3ELECTROLYTE LEVEL CONTROL 1 11tuitutttuettetnettneetaesnsesneetaeenesnsesssssasesaeenssseesarenieseesnernnees 14
3.1.4BATTERY(IES) CONNECTION TO THEBRT ...ciiiiiiiiiiiiii e 15
3.1.5TEMPERATURE GAUGE CONNECTION AND POSITIONNING.....ccutttuiirneetierneereetieeniesneeseennnns 16
3.1.6PLUG TO THE MAIN POWER SUPPLY .uutttituiitnietietietnieteetesnesnsesisensessessssstsrsesssrsnersaerneen 17
3.2STARTING UP THE REGENERATION PROCESS ...iitiittiiteitieeiiereetiestiesnsesneetiesnneesnsssnsesnesneesnnes 17
a) CQharge by Pulse ......c.ueiiiiiiiiiii e 23
D) Constant Charge ...........cccviiiiiiiiii 24
3.2.2AUTOMATIC PROGRAM FOR TRACTION BATTERIES. ....ituiitiitieniiiiiieetiesnsesseteennsensssnsanns 26
3.2.3START MODE DEDICATED TO12V STARTING BATTERIES. .. .cutivuiiieitieeniireetieeniesneeseeneees 28
3.2A4STATIONARY BATTERIES . ... oot ee 33
3.2.5MODIFYING ORSETTINGUPA NEW PROGRAM.....ci it evmenet e 36
I S N\ (0] T Y Y I 7Y =] = 37
3.3CONTROL AND REGENERATION ACKNOWLEDGMENT  11iituiiuiiiiiiieeteesneeteetneenerneesnernneennesns 38
3.3 LHIGH TEMPERATURE. . .ctutttttttttt ittt tie et et e et s e s e s s saseata s ea s et s sa s s s eaeeassnsebnsetasnsennnsnsnsns 38
3.3 2« HIGH VOLTAGED 11uiituiitieitiitiiiteeteett sttt eetset e sumammt e st ssn et setesnsesnsstsesaesnsstnsrnnasntsensees 39
3.3.3END OF REGENERATION LOOPS ... ituittittitntetettitnteteesesnisnesssesesnssnttteetiessesesaeresn 40
3.3.4CONTROL ON THE DISCHARGER ANALYZER FOR ACKNOWLEDGMENT......cecviitiirneirneenieeneennnes 40
3.3.5REGENERATION CONTROL ON ELECTROLYTE AND VOLTAGE ...ccuviviiriiiiiiieiineeeernenineennn 41
3.3.6DISCONNECTING THE BATTERY. 1 uttuttutttttteeneeseetiesniesnseseetesnseesssesnsetneetaesnresnresarerereernnee 42
Mo BRT 20-3 1 Version 2

AVRIL 2010 Prog V2.3



MIN — B3 — 135, av Pierre SEMARD — 84 000 AVIGNON ¢ edex FRANCE
Tel. +33 (0)4 90 87 00 07 e Fax +33 (0)4 90 81 08 05

4 TECHNICAL APPENDICES ... . ittt e et e e i s s et ierree e 44
4. 1EQUIPMENT SCHEME DESCRIPTION euitituittuiteuiseneteentassnessesssnssssnsessssasssnsssensssrnssaensssenses 44
i N NS Y I T PP 44
4.3MAINTENANCE AND EQUIPMENT CHECK LIST  iiuuiiiiieiiieei e et eeeie e et e e et e e s e eemnn e e ean e e enneeennns 45
4 .4 CHECKING THE TEMPERATURE GAUGE CONNECTION  ..ivuiitiitiiiieereetiesneeseenesnesnesrnnennneens 46

4 S BREAKDOWN ANALY SIS 1tuituituituitnttnttnetnetesstesaetssssiesnsssssssaesssstassassnssassnstaeteesnesinsnness 47

4 5. 1ELECTRIC INTERRUPTION....ctuittitntitettierneeseetesniesnsssersnsesssesnsesnsessesnsesnsernessnesnsesneesneensdl
4.5.2REGENERATOR GETS OVERHEATED ...u.ituituiitietiitietieetesnseteesesnessssesnsetesnessnreraesseesnseanns 47
4.5 . 3TEMPERATURE GAUGE ....uiituiitiitieitieit et eets et eests st esaesatsenestestsetesntesnsetnestresnsessranaents 47
4.5, 40UTPUT DISPLAYSL00 Q0 ..uiiiniiiiiiiii it s s s s e st s e s e s s s s e b s et s en s e s ennnenss 48
4.5 . 5REGENERAION DOESNT START .. itutttuttttttttuteteetesnteseeteeterneennreseetaererrretaeraerrrrareaeen 48
4.5.6NO ELECTRIC FLOW ON SCREEN. ... ttuttuittitntiteeteenisntseesesnssensstsrsesnestresasriisssaen 48
4.5, 7WORKSHEET " REGENERATION TEST 7 . tuiittitiettieteeteetieentesneeteens s sssstassnsesnsstneensesnns 48
Mo BRT 20-3 2 Version 2

AVRIL 2010 Prog V2.3



MIN — B3 — 135, av Pierre SEMARD — 84 000 AVIGNON ¢ edex FRANCE
Tel. +33 (0)4 90 87 00 07 e Fax +33 (0)4 90 81 08 05

|. Foreword

This comprehensive operator’s manual is dedicate¢lde users of lead acid / gel battery
regenerator: BRT 20

It shall be used as the operation as well as aeefe manual.

It is based on the manufacturer’s technical docus&ssued by him and he shall be the only
liable person regarding its contents.

It describes all the functions of the equipment erplains how the operator shall proceed at each
stage of the regeneration process in order to preslee user’s safety as well as the normal use of
the equipment.

Caution: one shall read carefully this manual befoe starting up the

equipment. Specific attention shall be drawn on the safetyiegents during
the regeneration process as well as for the bastemanipulation.

This product has been manufactured in accordanitehigh quality norms and comply with the
CE European standards. BRT 20 regenerator is based high tech process allowing the
recovery of the original traction lead acid battegpacities after enduring an electrochemical
treatment. As a result, battery will get an extehlife span, a greater efficiency and de factorthei
operating cost will drop. The process mainly apptie traction lead acid or gel batteries, which
are usually used in the electric forklifts, electelevators, cleaning machines, golf cart type
vehicles and other electric tractor and equipmBnbcess concerns Stationary and starting lead
batteries as well.

This equipment is not suitable for other type oftdrées, namely the ones using other material
than lead.

As everyone knows, battery capacity is decreasaayly, and after a few years it almost remains
only 25% of the original characteristics.

During normal discharge of the battery, one carenlesthat oxides, lead sulphate crystals and
water emerge. Usually those components are recmydtieir original stage (i.e. lead and
sulphuric acid) once the battery is charged adaiom the very first battery charge, lead sulphate
crystal are emerging slowly and growing constanilgose crystals are the main cause of the
battery failure. All active agents within the bagtare then solid and the electrochemical reaction
can not work properly, thus reducing the electyigéneration.

During charging process, a battery on which oxidd kEad sulphate appear on the electrodes,
may get overheated. Electrodes may then weakes@nd micro parts of those may drop on the
bottom of the battery rack.

The BRT process is removing lead sulphate crystalshe electrodes. During regeneration
process, lead parts return on the electrode dedicaurface. Electrodes get then covered with
micro lead balls enlarging the electrode surfackthen easing the charge.

Not only extending the battery life span, the reggation process has also a positive impact on
the battery lift carrier with direct impact on gsoductivity.
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Regeneration process removes the lead crystalateljor a total battery capacity recovery.

Regeneration can by be conducted on a curative(@aeyy 4/5 years) or on a preventive way
(once a year).

Prevention allows to keep the total battery cagatitring the full life of the forklift, preventing
some electric failure to occur due to crystals gloand plaque distorsion.

Preventive regeneration process is conducted dwet sycles (24h) whereas curative
regeneration may take up to 96 hours.
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Il. Safety requirements

2.1 Removing the BRT from the crate

The BRT is delivered strapped and wedged obR@EPE type pallet with side extension.

Remove the top,
then the side
extensions and the
bottom chock
between the
wheels.

Cut the straps.

Push the BRT on
the pallet edge

Slip a thin strap
under the BRT

With two operators
lift up the top of
the BRT with the
strap and let it
stand on the edge
of the pallet.

_| pallet as shown !

m the crate and slidé

Remove the side
chock.

CAUTION :
Leave the BRT
rear frame on the

Take the top of

it under the
wheels.*

117

Move it till the
second rim as
shown !

Once lift up the
BRT makes
automatically a
soft landing on its

*Upon height of the pallet it may be required to us the top of the crate or any
other support to ease the contact of the wheels whéfting up the machine
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2.2 Equipment installation and environment

The regenerator shall be used indoor in a dry &®mhlace. If used outdoor, the BRT should be
covered and in a dry place. No liquid shall stalu$e to the regenerator and the batteries. After
refilling a battery with distilled water, make sure water spilled on the floor, if so, remove it.

The regenerator shall be placed in a air vent rooactcordance with the EN NFC15-100 Norma
and any other local rules regarding safety.

Regenerator shall be placed on a flat floor. Kekpelactricity input and battery connectors
accessible. Main switch has to be accessible i@ chquick disconnection requirement.

Battery shall be placed as far as cables allow fregenerator.
Contact between battery acid and the regeneratotohiae strictly avoided.

2.3 Caution
No operation shall be started on the equipmentowithinderstanding how to handle it.
For individual and equipment safety concern, thi®fang instructions shall be in force:

It is mandatory that the operator’'s manual shaltdzeentirely and fully understood before using
the equipment.

Note : The equipment is under high voltage (380Vontact
with those components may be lethal. &

Maintenance and repair procedure, which are nagerited herein, shall only be performed by
the manufacturers’ qualified staff.

Light maintenance described hereafter can be paddiby a qualified electrician.

The operator shall only perform tasks as describadis manual.

Do not perform operations for which you haven'teiged the required training.

Do not use the regenerator if repairs are requore.

Regenerator shall only be used for lead acid bgtkries regeneration.

When performing maintenance, spare parts shaltdered upon manufacturers specifications.

The equipment can not bear any retrofit or modiitca
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2.4 Connecting the equipment

For the set up please refer to chapter 4-2.

The regenerator shall only be connected to an a&pgraledicated plug in accordance with
required voltage with appropriate phases.

Equipment requirements :
- 380/ 400 V Three phases+ Ground
- Differential electrical device 300mA or 500mA
- 40to 50 A disruptor ( D curve)

This machine is equipped with a CEM filter requiyi@arth connection of 5 mA. It is not required
to connect this machine on a disruptor equippedh 20 mA differential (fire protection) or
500mA (machine protection on a dedicated connektion

A 30mA disruptor complying with the human body @tion in the working place is sufficient.

Draw specific attention to the phase ranking.
If phases are inverted, the BRT will show malfuocing such as:
- Global electric disruption
- Disruption after the first pulse ( 1/ 2 minuteteaktarting up)
- Pulse with very high amp volatility
- Big or discontinued noise during pulse;
- Output indicator: 100%

If the above occurs, phases shall be set in oREort to chapter 4-2 hereatfter.

Do not connect a dry battery.
Any metallic item is banned within the battery envionment.

Cables to the main PSU should be checked and skuwutie no default. If not, this could be life
threatening as high voltage is provided. If anylitaan cable integrity replace those by new ones.

Before connecting units to the BRT, make sure #gemerator is not plugged in. Screen display
should show no indication.

Following sub units shall be connected as follows:
» Connect the battery first
* Then the temperature gauge shall be connected.
» At last the cable is connected to the main PSU.

Do not start up the BRT if the red and blue cahlesnot connected to the battery.

Do not connect battery cables to the regeneratesarhey are already connected to the battery.
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Air vents on the side of the BRT shall never beezed !

Unplug the battery cables from the regeneratods $irst before switching to another device or
disconnecting the cables from the battery.

To disconnect the batteries, remove the conneplungon the regenerator.

2.5 Chose your lanquage and select the alternate currefitequency

Once connected wait a few seconds ‘
before the main screen appears. ;

In the parameters menu you have access to :
» Total running time of the BRT

* Change the language of the menu
» Set the alternating current (50/60 Hz)
» Update the software with via USB port

i i
i
e 2
#:, |Parameters
- li5et Language |1t =

et the AC frequency

" |Updating software

T, | =038 Pk W AT 50 87
Fam, +#50 [674 0 B4 04 0%

PN -3 5 P St

Serial number of the processor appears in the § e
"about” window
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2.6 Airvent in the workshop

Smoking is prohibited
Sparks are banned (welding, grinding, etc.)

During regeneration and normal charging, oxy hydrogas is generated ! However during the BRT
process the explosive gas formation is reducedoastant current applies only during 5% of the total
cycle. Anyhow flame and spark should be avoided.

Air vent or air cooling is required according t@tNorma in force.

2.7 Required equipment
Caution:

1- Beware; it is dangerous to work close to lead haittleries. When in tension, some explosive
gases are produced by the battery. Reading theesenanual and referring to it all the time is
then mandatory.

2- To reduce explosive risks, one must refer to tlesqmt manual but also to the instruction manual
from the battery manufacturer or any other manef@rring to equipments used closed to a
battery. Make sure you've red the caution sticles warnings.

3- Do not use the BRT if connecting cables are damageplace the cables before using the
machine again.

4- If BRT is damaged for any reason, do not use ill. tBa manufacturer, ask him for advises, or for
repair.

Global safety care:

1- Make sure someone is not too far away from you wherking on a lead acid battery. This
person could assist you in case of problem. In g¢navoid being alone when working on lead
acid battery.

2- Make sure you have a eye cleaning kit, water aag stbse to you, in case your skin, clothes or
eyes get in contact with acid.

3- Make sure to wear glasses and appropriate clothesrk on batteries. Do not touch your eyes

while working on batteries.

If your skin or clothes get in contact with acidkaaure to clean immediately with clear water
and soap. If acid get into your eyes, rinse theth wlean water for about 10 minutes and contact
your closest medical care centre.

5- Do not smoke; generate sparks or flames closedtteries and BRT.

6- Be very careful not to drop any metallic tools opadtery. A spark, short circuit or any other
electric hazard on a battery may involve an explasi

Remove your rings, chains, bracelets, watch, orcdingr metallic jewel or equipment you may
wear when you are working on a lead acid batterghért circuit on a battery may generate high
temperature involving metal melting and severe vurn

4

\l
1

Before starting regeneration:
1- Make sure you are operating the equipment in aephdere air is circulating.
2- Clean up the main contacts of the battery as exgdbinere after. Beware that corrosion dust
doesn't get in contact with your eyes or skin.
3- Make a visual check of the battery. If cracks, rackop damages, mechanical damages, do not
use the BRT
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2.71 Regeneration equipment

The operator must always have the following equipina his disposal: Acid tester, ammeter,
temperature gauge for batteries, connectors actaliger / analyzer equipment.

Tools shall all be electric proofed.

The acid tester is a standard device.

The ammeter shall read up to 500 Volts and below.

One can use a normal glass temperature gauge wihl@ up to 65°C. Specific device dedicated
to the batteries can be found on the market. Amirdd temp gauge can also be used.

In order to ease the connection of different bgtt@pes, one can use intermediary cables with the
most commonly used connectors you can find on iforkl

Discharger shall be able to unload a battery uadewnstant current for 5 hours. One should be
able to set the resistance in order to get theinedjcurrent.

2.7 2 Staff safety equipment

The premises shall be a restricted area whereaarthorized and qualified staff is allowed.

All Norma concerning electric, acid and fire rigiadl be respected and implemented.

The operator shall comply with the domestic risknagement involved in the regeneration arena,
as well as in terms of health and care, in caseraksctivities are processed in the same premises

or in the immediate surrounding.

The staff involved in battery regeneration shalvéhaand wear the relevant protection and
equipment to proceed.

Necklace, bracelets, watches, metallic glasses baabanned from thelB& =
regeneration workshop has they may get in contatit any electric & "
devices and generate risk for the persons andivieoement.

Recommended equipments are :
- Acid resistant gloves ;
- Acid resistant talveg ;
- Safety face cover or safety glasses ; _
- Eyes cleansing, extinguisher, absorption equipmgat
etc....

: }:I i

Ly

Any specific safety operation rules within the prees where the regenerator is used shall be set
up by the operator’'s management according to his sk management.
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lll. Regeneration process

3.1 Getting ready and start up
Main safety switch shall be set on 0 position. @aldhall be disconnected from the main PSU
and battery line shall also be disconnected.

3.11 Battery preparation

All work on the battery shall be done while it is@bnnected.
While working, one should always wear safety clstliggoves and glasses or face shield.

Battery should be cleaned and dried. Dust anddigbhall be removed from the upper part of the
battery to avoid arcs or any hazardous electritity. This is mandatory before proceeding to the
regeneration.

With a hard non metallic brush operator shall cleath + and — contacts.

Proceed to a battery visual inspection looking ftéisefor any mechanical or electrical failures
such as, cell leak, short circuited cells or bgttgvhile cells are not isolated from the battery
rack).

- If the battery is equipped with hard bridges kesw the cells, attachment to the cells shall be

checked. Sometime those connection can be looselcith an isolated screwdriver) and

cracks can appear avoiding the normal contact lestlee cells. On copper bridges blue dots and

tracks can appear showing that corrosion is alréagjace and contact between the cells may be

faulty. Those should be cleaned or replaced upomsion status.

- In case of cell short circuit, operator will notiaeoig difference on voltage compare to the other
cells.

During pulsation process with the BRT, voltage barchecked on each cell, the weakest one will
then be identified easily (see later).
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If any of the above mentioned is noticed, the bdeakns shall be solved before starting the
regeneration process.

On a battery showing short circuit failure, to proceed to regeneration may endanger the
operator as high risk of explosion may occur.

3.12 Control and battery cells measurement

An initial test on each cell shall be conducted. rAkasures are collected on the “ Regeneration
Test » record sheet (see appendices).

As a global rule, cells will be counted from 1 tostarting from the + connector.

From time to time, operator should clean the oslth compressed air to ease air circulation on
top of the battery. Battery is always producing kmaantity of hydrogen gas when mixed to air
generate oxy-hydrogen, a very ignitable gas witbl@sion risks.

a) Cell voltage

With an ammeter check each cell voltage startiognfithe + connector moving to the — one
following the connections. Always proceed accordmghe same pattern.

Ammeter sticks shall be strongly applied on thenemtors under
the cell covers. Usually some holes are on theofofine cover to
ease the measurements. Report all figures on thek wbeet |
« Regeneration Test ». Voltage shall be recordeldn/olt section. g
Report the exact value red on the ammeter.

All measures shall be recorded at a standard teatyerof 30 °C.
Above 30 °Coperator should decrease voltage by 0,005 Voltyeskegree exceeding 30° C.
The greater the temperature the higher voltageds/ed on ammeter.

Ex :Voltage red at 42° & V= 2,18V
After correction to adjust at 30% V=2,12V
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b) Cells acid density

At an average temperature between 22 and 34 °@dalge density should be between 1,10 et
1,28. The highest acceptable level in a new baitety 32.

Check the electrolyte density in each cell with dmnsitometer.&;g;;,_
Remove the covers and dip the densitometer inéhe@nly pick s %
up the liguid which is in the cell. Close the coedrthe cell after
each measurement. Proceed according to the samenseqyou
did to record the cell voltage. '

Record the collected values in the « Density » igecbf the
« Regeneration Test » worksheet. Report the exaae\collected
on the worksheet.

All measures shall be recorded at a standard teatyrerof 30 °C.
Above 30 °Coperator should increase density by 0,0007 e
degree exceeding 30° C. The greater the temperttarwer the
density is showed on densitometer.

Au dessus de 30° ©n devra augmenter la densité lue de +0,0007 gned au dessus de 30°C.

Ex : Density at 45° G 1,175
Density after correction adjusted to 36%Q,185

3.13 Electrolyte level control

Once electric and density test completed, it isetonme necessary to refill the level of water in
the cells.£ 1cm above the grid)

Never proceed to electrolyte measurement after rdfing the cell with distilled water. Values
would be false.

Check liquid level in each cell. Complete in cellsere the level is very low. (Check quantity on
the battery manufacturers instruction datasheet).
In most cases, the best level is 1 cm above tlotretke plaques.

Do not connect a dry battery to the BRT.
Explosion risks are then greater.

Dry cells are filled with distilled water. Water snhave evaporated and sulphuric acid turned
into lead sulphate. However, all the active maker@main in the battery. Do not add acid unless
there is no more density at all and the cell hdfesad over flooding while being charge at the
owners place.
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Sometime, no electric or short circuit can be fodndng the check up, however the regeneration
process may have not effect on so called « disabkdls.
It may occur in situation such as :

- When cells leak and operator keep on refilling i€orrosion marks on the rack

can be noticed);

- Over refilled cell even though it was not requir€ell gets washed up.
In both situation, sulphuric acid needed to gemrerairrent is spilled away and cell density is
weakening.
In such a situation, the operator may proceed toptete the cell in adding acid for density
recovery.
Report to regeneration help diagram hereatfter.
Greatest care shall be taken to avoid acid contéhteyes and skin. If this shall happen, clean
with still water and contact immediately the neareedical care centre.

3.14 Battery(ies) connection to the BRT

Main switch should be on « 0 » (zero).

First connect the cables to the battery and setorttle regenerator. Tight the cables with an
isolated wrench at the manufacturers usually recend®d torque (25Nm) or use quick matching
connectors.

Contacts should be clean to avoid overheating or agks that may involve contact melting,
fire and explosion occurrence.

First connect the blue — (minus) cable to the -n(is)
contact of the battery. Make sure the + cable isimof:
contact with the ground.

Second, connect the red + (plus) cable to the usjp
contact of the battery.

If one needs to connect several batteries at thee
time, they must be in series as mentioned abovsy.
difference is that the + contact of the first battes
connected with the — contact of the second onaole
than two batteries the same connection will be d
with the others.

If several batteries are connected at once, spearal
shall be given to the total voltage which shall

exceed 96 Volt. Batteries connected together $laaié
the same voltage and the same amperage. In ord
get the best results, it would be great to connect
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batteries with the same background and sulphatatg.ql.e. same tension on connectors).
The main switch of the BRT shall always be on ZER®en plug in the cable between the
battery and the BRT.

Check and secure the connections. If not tight,ipay get sparks which may be dangerous.

3.15 Temperature gauge connection and positionning

The connector for the temperature gauge is onojheight side of the regenerator.

As a basic statement, remove the cover of the mic "] 5
cell of the battery and insert the temperature gage &
Insert as deep as you can in order to get at l¢asf
the gauge below the electrolyte level. The gauge
touch the lead plaque, it will not get any distong
effect on the temperature records.

When regenerating several batteries at once, thgegshall be placed in the cell of the weakest
battery (ie the one with the highest sulphatinglev

Connect the temperature gauge to the BRT.
As a global statement, temperature gauge shallyslwe placed in the most sulphated cell (i.e.

lowest voltage or acid density) and also in thé tbelt will be the less air cooled (i.e. the one on
the middle of the battery).

Anyhow, during the first stage of the regenerationprocess, a quick voltage test shall b
conducted during the pulsation process which may e to identify a weak cell needing
special care. Then the temperature gauge will be @te in this cell. (Check Pulse charg
caper 3.2.1).
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3.16 Plug to the main power supply

Check first that the BRT main switch is on Zero.

Then plug in the main red plug on the mid rightesaf the
BRT.
Lift the safety cover and connect the plug.

For details about general connection please repatiapter
2.3 connecting the equipment.

3.2 Sarting up the regeneration process

Main purpose of the regeneration is to make swakttie active agents of the battery which
turned into chrystal will return to their originiajuid status.

To reach this point the BRT will proceed to pulsatsequences up to 300 amps at the specific
vibrating lead sulphate chrystal frequency. Clalyatll resound and vibration will erode it and
turn it into liquid as it used to be. Along the pegs the plaques surface sulphation free will have
greater chemical reaction withe the surounding@lge, accelerating then the process.

Pulsation scheme ( 300 amps)

ampééres

350
340
330
320
310 |

300 ) L
290 Vibration a la

280 fréquence de

270 raisonnance du cristal
260 de sulfate de plomb
250
240
230
220
210
200

longue ur de | & pulsation &nms

The pulsation cycles below are set to 200ms evesgcdnds in order to avoid temperatur of the
cells to raise to rapidly.
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Standardset up 200 ms pulse 3 s pause
pulse pulse pulse
300 & e o T
pauvie pauge
<> < 3 < >
200 mis t

During the regeneration process, density is getinregter smoothly at the beginning and and
increase dramatically when reaching the end optbeess. Indeed at the end of the process the
remains of the lead chrystal sulphate are changétktr original active element status.

The BRT has safety device that will stop the pregesome parameters are getting to high :

U (Volts)

A Tension ) A
Cellule Batterie i
SURCHARGEE / B.I.B.
20— T .
7 —/
P

d (densité)

2,40 — 5
Tension de GAZ
2 —_—————————— = /1

2,30 —

— 1,30
— 128
—— REGENARATION

2,20 —

Batterie
SULFATEE

\ \ \ \ \ \ \ \ \ -

« Temp >45°C
* Voltage >2,4V per cell
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The operators knowhow will then consist of reachtmgbest sulphation dissolution (ie no
chrystal remains) :

* Monitoring and mastering the temperature height
* Monitoring the voltage increase

When the High Voltage alarm appears (2,4v duriniggiion and density over 1,28) that means
the regeneration is almost over and the batterly sbaested on the discharger / analyzer BDX.

At a first step: turn the main switch of the BRTtbe start position.

The menu of the regenerator
divided in 3 main applications:

Manual manual program

Automatic Pre set program for
traction batteries

Parameters To access to
parameters of the program in use

To select an application press « OK ».
Then you can select any values or choices pressiig arrows selectors.
To validate your choice once on the display scregmess « OK »
and go to the next parameter.
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3.2.1 MANUAL set up

In this chapter we introduce the Manual set up tvhicthe largest scope in terms of program
possibilities. Later on the Pre set section wildescribed too.

Definition:

One loopis a full period of time including pulsation pedifollowed by a constant charge period.

Loop description

B Time of
Pulse

300

200 .
B Time of

constant

100 charge

1 2 3 45 6 7 8 9101112131415161718192021222324 heures

1 eycle

A phaseis a number of loops.

Several phases description
H Time of Pulse

B Time of constant charge
300

200

100

haures

X 11 21 31 41 51 6, 71 81 91

Phase 1 Phase 2 Phase 3

Manual program :
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= M e

-+
200Ah|1

;ir-'l.a.*.'uu.:r.l p-r-:.\gram
| Battery parameiers
o Sat battesy Al

press « Select application »,
Go to Manual.

Set battery AH
Enter O if not mentionned

| Balse paramesers
- SRt kel of pulee =

Ny | 120 ms |

Fnage-1

Set pulse lenght in milliseconds
(80 to 500 ms)

 Set pause lenglit to 7 seconds) Set pulse current in Am{o0 to 400 A) ~ Set constant charge duration
(0 to 24 hours)

Note: Standard current used for traction battese300A. Processing with a lower current, 250
A, allows to decrease the electric consumptiorhefBRT, to reduce the temperature picks risks,
but it will required a greater number of loops.
f Beware that for starting batteries, current setsihgll be limited to 45 A for car batteries
and 90 A for Lorries and buses.

If pulses are too long cells may reach temperatighs. A good setting of pauses between the
pulses will help mastering temperatures and current
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edex FRANCE

If battery Ah has been set previously,
adjustment can be done either in % o
capacity or a current fixed limit.

ji-:
| Camstant Charge - i ;

| 5ot s A or ‘Current Onty first oyries | e
" 1

If « % Ah » is selected, constant charg
current limit will be adjusted between 5
and 25% of the battery capacity.

14

[=)

| Coesstank Change © 3
 set Al or Cument Only st cycles | wffm

If « Courant » is selected constant charge
current shall be manually adjusted betwegn
and 120 A or « 2.4V imposed ».

If « 2.4V imposed » is selected, charge Wil
be done via equalisation of charge at 2.4 V
per cell.

j;«:
| Canstant Charge - i .
0 [} set Fined curent vl

B3 [24v imposq

jrﬂanual program

One or several phases can be
added. Select « add ». If selected,
setting will start again from the

« set number of loops » section. 1
to 3 phases can be input.

If no phases to be added, simply
press « start » to initiate the
process.

A\

During the regeneration process, the operator shatontrol every day the water in the cellg
and adjust to the appropriate level.
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a) Charge by pulse

Regeneration by pulsation, screen display:

Animated signal showing the puls Shows type of program selected ang Shows type of loop selected with a pulse gaugéhremaining
sequence. battery type. pulse time. Display pulse and pause set up.
Current parameters taking into al progre 0 A Phase in process / Total
account the T° default if any. h_‘_] f'” TER charge Phasa | 1.1,1 number of phases.
: = - loop:| 14«
22 L E Loop in process/ Total number
Instart achieved intensi : 311 A it i AT : of loops.
LLe-t 127V Cut B % i 300 &
Battery current gauge |: g - -
Total time elapsed : [0:04:15 e Set intensity
- Tatal tirme kefk I 231 55:45 Lerhd of pilse © 1240 me - -
Total elapsed time and total Pha = leﬂf 33:55:45 Lergghl ol pensc ;T s Thyristors opening stage. Red
remaining time. s Hrme - Eedeoca sl Time lor pulse chiarye ©1 b flashing screen appear if
Loop Hme keft o[ 5:55:45 Curent of pulse D200 A e b | reaching 100%
2 Time for corst. charge @ LR =r
Total high T""."ICI:ﬂD:E':I Curent first cyele 15 A
i h%gh‘l‘“:liﬂ:ﬂﬂ:m Phase Lime :oh \

: . Info on the phase in process. I
m iﬁ Iu- I+ you press on the display you
' see for a short period

information on the remaining

phases and if temperature or
voltage alarm occurred.

Stop display, if pressed you'll have to Pause/Play display. If pressed, regeneration Displays I+ and I- : Can set the amperage of the
confirm your command before the stop process will be on pause mode. Operator can pulse highs. New set up will smoothly be in
order will be executed. work safely on the battery. place. Operator can keep control

Pulse are set to increase intensity smoothly ovarirfutes to reach set level, in order not to
damage the battery. 1 to 3 minutes may elapseguliles get stabilized sometime.

One may notice some difference between pulsesmbgtgo from 10 to 20%. Those variations
are normal and may be even greater at the begirofitige regeneration process during the first
loop. Those variations disappear smoothly to rebelset value.

During the process, amperage of the pulse highs cdie adjusted. One shall simultaneously
A press on « I+ or |- » buttons and on the upper righbutton. The new order will smoothly be
executed over the two minutes onwards.
Caution: The modification will only apply to the phase on course and will resume the initial
settings at the following phase.
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This thyristors value shall remain between 50 a®&®
If you read 100% it is a failure alarm (report to chapter 4.5.4 hereafter).

After a few minutes of pulsation, once nominal amage is stabilized, it is recommended to
check voltage of each cell or of the battery i§ii sealed item. Tension may reach 3 Volts + or —
1 volt PER CELL during pulsation which is normal.

If tension reach 5 or 6 volts per cell during ptisayou may be facing the following problems :

v Cell is more sulphated than the others ;

v' Cell might have been short in water during its agien ;
v' Cell is not the same quality as the other ones ;

v' There is a possible short circuit.

In this situation, the temperature gauge shall be laced in this cell as it may be more
.{':}, sensitive to high temperature. This will help to potect the battery and secure the
process.

b) Constant charge

Constant charge screen display :

Type of cycle in process, and gauge for the
remaining constant charge time .

Manual program (24 V - 200 Ah)
\l\_f-l Phase:| 1f1

: Constant Charge ,/
.\ : i + Loop : 3
I :| g E
u:[ 123V out:[ 14 %
e A . iFhaze 1 (1]
Tetal time elapsed @ | 0:01:42 | g ey
Total tire left ] 2:58:18 | Lenght of pulse © 240 ms
Phiase fime left:[Z:58:18 | LOTGINL 0 Pikle of &
Loop fime left ;| 3:58:04 |

! If fixed current or AH % has been
lime r&rr:::;l_f"m“mﬁ ;%‘JE;. " _L-,’“-l' selected for the first cycle, screer]
: i =
Tetal high T :| 0:00:00 |
Loop high T+ :| 0:00:00 |

Animated signal showing the
constant charge sequence.

Time for const. charge © 1 b displays the intensity in process;
Cirrent first cycle 10 A~ | if « 2.4V imposed »has been
Phase Time ;3 b selected, Max targeted charging
intensity will be displayed.
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When a regeneration phase includes several lodopsanstant charge is as follows:

e At first, amperage is locked at a % of Ah current or at a preset value (see display 10 and 11 on
previous pages), and this will last during a period of 30% of the number of total loops set.
This value shall be between 10 and 15% of the battery capacity in order to keep pressure on the
current value pulsed in the battery..

¢ Then the amperage is set automatically by the BRT to reach 2.4 V per cell. Charge is then so
called “free charge”. Constant charge is applied to the battery in order to proceed to equalization
in each cell to reach 2.4 V per cell. Amperage is automatically set by the BRT upon the intra
resistance of the battery at the end of the pulse loops, to reach 2.4 V. No manual setting can be
done.

A\Y”4

A It is then very important to check that the number of set loops is sufficient to make sur¢
that, when the BRT switches to free charge, imposexrrent shall not be too high.

For specific situation, when voltage is below 1oty per cell, you should report to the specific
procedures described later on in this service marfracedure shall be adapted whether the
weakness is on one cell, several or all of them.

c) Automatic program

Automatic program:

Select « automatic program » from the main menu.
Three programs are displayed :

e Traction battery program
e Starting battery program
e Stationary battery program
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3.22 Automatic program for traction batteries

To ease the operators’ procedure, the BRT hastglr@ame pre set programs ready to use.
You can access to those programs in the menu atgbeapplication »page.

Operator can work on three main treatments:
* Preventive regeneration 24h :
To be applied when you have annual maintenanceamiwith the battery owner. It
keeps the battery at its greatest capacity, as oewhe long run.
Loops are short and scheduled to treat and dedivliarged battery in 24 hours in order to
keep the forlfts production pace.

» Curative regeneration 72 h:
This mode is for 4 to 6 years batteries. Treatrntesitfor 72 hours. It aims at removing
sulphation and increase current.

* Full curative regeneration 96 h :
This mode is for batteries over 6 years old. Thia deep treatment to remove all the
sulphation from the plaques and give the battesgcand life frame.
To be efficient, this process requires 96h of treatt, which means 8 loops of 12h.

Standard settings are as follows:

Preventive regeneration 24 h : Curative regeneration 72 h :

Parameters Unit Phase 1 Parameters Unit Phase 1] Phase 2
Pulseintensity Amp. 300 A* Pulseintensity Amp. 300 A 300 A
Pulse lenght mSec 200 ms Pulse lenght mSec 200 ms 80 ms
Pause Sec 3sec Pause Sec 3sec 2 seC
Number of cycles Number 4 Number of cycles Number 4 1
Pulse duration Hours 5h Pulse duration Hours 11h 22 h
Constant charge duration | Hours 1h Constant charge duration | Hours 1h 2h
Constant chargecurrent | % Ah 15% Constant chargecurrent | % Ah 10 % 2.4Vimp.
Total time: Hours 24h Total phase time: Hours 48h 24 h

Total time: Hours 72h

Curative regeneration 96 h :

Parameters Unit Phase 1
Pulse intensity Amp. 300 A
Pulse lenght mSec 200 ms
Pause Sec 3sec
Number of cycles Number 8
Pulse duration Hours 11h
Constant charge duration | Hours 1lh
Constant charge current | % Ah 10 %
Total time: Hours 96 h
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*Note that in those programms pulsation amperage iset at 300A. However, for the small
sealed traction batteries ( golf carts, cleaneing achines) it is recommended to set a limit at
200 A in order to get a better control over temperture and voltage.

During the process, amperage of the pulse highs cdre adjusted. One shall simultaneously
A press on « |+ or |- » buttons and on the upper righbutton. The new order will smoothly be
executed over the two minutes onwards.

Traction battery program :

e

'P.l-

,.Tractlun batl:ern_.r

Allow the operator to add a new
program for traction battery.

Program listing for traction

batteries.

To ease the operator’s task, 3
programs are already set for
regeneration and 1 for battery
charge.

Touch here and access to the

that already pre set program canry
be modified.

program modification display. Note

dedicated program. selected program process.

Press to go back to main men|4 Press down or up to access to Press « Ok » and access to t|e

;'c:ure 96h

Set voltage of the battery Set charge capacity of the battery then pressatostio
proceed.
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3.23 START mode dedicated to 12 V starting batteries

Starting batteries shall be treated at a lowensitg than the traction or stationary ones as the
plaques are thinner and the starting batteriesafjiptveaker than the biggest ones.

As the BRT can proceed with intensity up to 400tAs recommended to set up several battery
parallel lines taking care of the intensity dispate each line.

Starting batteries regeneration
Getting connected

Control depressiost

A
» Y 5. Air ventilatior
£y
Relay
380V=

32 A D curv

Main distribution line
Plugs

/

Amp control

Trolley 1 Trolley 3
10 batteries of 12V 10 batteries of 12V
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Caution _:When bateries are in series you have to add the te  nsion. Maximum
tension shall not exceed 120v (ie 10 batteries of 1~ 2v). Over 120 volts it is consider
as risky for the operator health.

When connecting the batteries, special attention sh all be drawn not to make a full
connection ring, otherwise shortcircuits will occur and the risk for fire and
explosion will be high.

In order to avoid mistakes, it is recommended to follow the procedure below:

Connecting procedure

1- Positionning and lining up the batteries on a trolley

2- Connect batteries in opposition line in order to keep clearance between two main
connectors (+/-)

3- Connect both (+/ -) to the main distribution line.

4- Connect all the batteries in series

5- Start the BRT

6- Amps control on each line.

Starting batteries regeneration process

Starting batteries requires a well organized seahupe workshop to ease the work and ensure
safety.

Indeed, as the starting battery cost is far loWwantthe traction and or stationary ones, starting
batteries regeneration process requires to woikiginvolume.

Select the batteries

Operator should test the capacity of the batteries
Look for short circuits (tension below 10v) ;

Look for failures (Drop on the starting test bengh)
Check the global aspect of the batteries.

To proceed to those tests, it is recommended to use
Mechanical tester with a needle, more efficient thathe
Analogical ones.
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Testing

The operator should avoid to many manipulatiorthst the
workshop shall be well organized. He would havst fio clean
and identify with stickers all batteries. Then hé measure
tension and density of the electrolyte.

With trolleys and baring tables such operation idlIfaster
and safety will be preserved.

Positioning on trolleys. Connectintipe batteries Regeneration in progress

Caution : the above procedure shall be followedrder to avoid short circuits in respect with
operators safety. All connectors shall be adapteaDA pliers, lead connectors or jump ).

All lines in parallel must all have the same tensio(voltage).

The temperature gauge will be placed in the elettrof the weakest
battery or in the centre cells of one of the badter

When connecting the batteries it is important:
* Not mixing type of batteries, truck and cars do mot
* For each battery type, mix the lines to get anayeicapacity
about the same per line.
* Do not set up parallel lines with good and very kvieatteries,
otherwise, the treatment will benefit to the weale® but not
to the other.
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12 V starting batteries program :

Start battery

e 240 (D08 : Allow the operator to add a new

Z4h (508 program for starting batteries.

Program listing for starting
batteries.

To ease the operator’s task, 2
programs are already set for
starting batteries regeneration

/ * * Press « Ok » and access to t|e

Press to go back to main menlA Press down or up to access to selected program process.

dedicated program.

24h (504)

Set number of battery per line. This setting widtermine the  Set the number of parallel lines. It is mandatbit @ll lines
current to be processed which is not the total rermob have the same global current. Press « start » vesaty to
batteries. proceed.

Pre settings for the 12 V starting batteries are afllows:

Lorries 24 h : Cars 24 h:
Parameters Unit Phase 1 Parameters Unit Phase 1
Pulseintensity Amp. 90A Pulse intensity Amp. 45A
Pulse lenght mSec 300 ms Pulse lenght mSec 300 ms
Pause Sec 3sec Pause Sec 3sec
Number of cycles Number 4 Number of cycles Number 4
Pulse duration Hours 5h Pulse duration Hours 5h
Constant charge duration | Hours 1h Constant chargeduration | Hours 1h
Constant chargecurrent | % Ah 10A Constant charge current | % Ah 10A
Total time: Hours 24 h Total time: Hours 24 h
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Batteries shall be gathered and regenerated withithe same scope of capacity, current and age.
Do not mix car and Lorrie batteries.
All lines shall be balanced and with the same totaloltage.

Check the current balance at the beginning of theegeneration phase.

Constant charge session starts and last for 10 mites. This time frame shall be used to control the
current balance on each line..

The current balance shall be balanced with a framéolerance of 10 %.

If balance is not reached, press the stop button.i§patch the batteries in a new order to reach the
greatest balance.

After 10 minutes, the program will start.

During the process, amperage of the pulse highs cdre adjusted. One shall simultaneousl
press on « I+ or |- » buttons and on the upper righbutton. The new order will smoothly be
executed over the two minutes onwards.

Quialification of the battery

The real capacity of the batteries is measuresavithnalogical
starting tester. The electrolyte density is coasd as good from
1,26 (i.e., a little lower than the traction bats)

Dismantling the lines

After regeneration is over, lines should be disneahtThis operation
shall be conducted with the greatest care to astoiut circuits as the
batteries are now fully charged.

General rules

Regeneration parameters for truck batteries :
Pulsation : 90A

4 loops for 6h (5h pulsations, 1h constant charge)
Maximum capacity of the BRT 40 batteries within 24h

Regeneration parameters for car batteries:

Pulsation: 45A

4 loops for 6h (5h pulsations, 1h constant charge)
Maximum capacity of the BRT 80 to 100 batterieswat24h.
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3.24 STATIONARY BATTERIES

Stationary batteries are constantly kept in flaatharge.
Thus, there are often always fully charged and rgasin the discharger before being
regenerated on the BRT.

Stationary batteries with tubular plaques and tagglectrolyte will be treated the same way we do
for traction batteries. (Report to previous chapter

Stationary batteries sealed AGM shall be treateskires such as we do with the starting batteries
in order to get a better profitability as thosetéxds may need high volumes for a good ROI.

Those batteries are subject to tension memonrhaattis
requested to discharge the battery prior to angmeration.
Then it is recommended to set up battery line which
maximum voltage will suit the discharger analyzsediby
the workshop. Usually most discharger have a c&gat

The temperature gauge shall be placed between twatberies close to each other if they are
gel or AGM.
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Stationary batteries program :

- - 4
i 2P0

;Etatiunaﬁ? batter

Program listing for starting
batteries.

To ease the operator’s task, 2
programs are already set for
strating batteries regeneration

Select global voltage of the line.

ol 4

Allow the operator to add a new
program for stationary batteries.

Press « Ok » and access to

dedicated program.

Press down or up to access to

the selected program process.

Select batterpacity

Pre settings for the stationary batteries are as ftlows:

;E‘dl;:-:l'lr:-l.'bll:lr_' CE = 70 Ah
.| Battary parameders ;@

Set the number of parallel lines. It is
mandatory that all lines have the same
global current. Press « start » when ready
to proceed.

Parameters Unit Monobloc C8 < 70 Ah | Monobloc C8 < 70 Ah | Tubular ou > 300Ah

Pulse intensity Amp. 100% de C8 200 A 300 A

Pulse lenght mSec 500 ms 120 ms 200 ms

Pause Sec 1sec 3 sec 3sec

Number of cycles Number | 1 3 4

Pulse duration Hours 23h 7h 11h

Constant charge Hours 1h 1h 1h

duration

Constant charge % Ah 10 % 10 % 10 %

current

Total time: Hours 24h 24 h 48 h
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During the process, amperage of the pulse highs cdie adjusted. One shall simultaneously
press on « I+ or |- » buttons and on the upper righbutton. The new order will smoothly be
executed over the two minutes onwards.

After being regenerated, those batteries have ngtoating charge. Stabilization will be at
2.35V per cell, up to 0.5A residual flow.

Regeneration is adjusted in order to avoid quickaase of tension, that means that at the end of
the process the battery charge may not be completed

TREATMENT PROCESS

* Reception of the battery and analysis (Shape &faad connectors, voltage over or at the
nominal value)

* Check and fill the cells with distilled water fadd batteries.

» Set up series line to discharge the batteries @BIX discharger analyzer.

» If already discharged, battery can go on BRT diyect

» Several parallel lines can be treated simultango@ieck the current balance on each
line setting up a short constant charge loop at (®&port to starting battery chapter)

» Set the requested standard loops.

« CAUTION IF YOU HAVE TWO LINES OF 96V IN PARALLEL AND YOU WANT
TO TREAT THOSE AT 50A IN PULSATION? YOUR PROGRAM SMJLD BE ON
50 + 50 = 100A. Same calculation apply for constduatrge to be set at twice the value of
the requested treatment.

» Set up the floating charge stabilized at 0.5A ar3d¥ per cell.

» Check on the BDX discharger the results undgiGg, Cs... as per the battery criteria.

Caution_: When batteries are set in series, tension will be added. Maximum tension
shall not exceed 120v (ie 10 batteries of 12v each) . Over 120 volts, there is
physical risk for the oprerator.

When connecting the batteries in series, take care not to close the pattern which
may involve short circuits, thus explosion and fire risk may occur.

ISOLATED TOOLS SHALL BE USED BY THE OPERATOR AS PER STAFF SAFETY
REGULATION
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3.25 MODIFYING OR SETTING UP A NEW PROGRAM

Operator can set up and/or modify programs.

Add a new traction or starting battery program:

'Program New : JManual program

Once named, proceed to the parameters settinqgtéam

In the traction or starting program sel = then enter the
the set number of loops phase 1.

name of the new program (minimum 3 letters)).

Modify a program:

In the Traction or starting menu, select the progta be modified pressing tr = display, the following display will show up :

F' -, ‘ -:;.-:.
ifier un programm

Press to go back to the former progrgm
selection screen

Press to delete the selected program / Press to place the name of program fat \ Press to modify the parameters of thq
the dedicated place in the list selected program.
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3.26 Normal charge

The BRT can also be used as a normal charger.sepmaximum can be programmed.

Usually, one should check the battery capacitylnsfamped on the battery.

A first phase will be set in order to reach thé#ization or equalization of the cell tension 4 2
Volt : the so called « gas tension »

In the second phase the BRT will chose freely tireent.

In phase 2, the amperage will slowly decrease aaficaily every 10 A till reaching 10 A which
is the minimum maintenance charge level.
Charge will then be completed.

Check the following set up table below :

Charge mode with capacity < 700 Ah:

Parameters Unit Phase 1] Phasep
Pulse intensity Amp.

Pulse lenght mSec

Pause Sec - -
Number of cycles Number | 1 1
Pulse duration Hours Oh Oh
Constant charge Hours 5h 5h
duration

Constant charge % Ah 15% 24V
current imp.
Total phasetime: Hours 5h 5h
Total time : Hours 10 h

Charge mode with capacity >= 700 Ah:

Parameétres Unit Phase 1] Phase p
Pulseintensity Amp.

Pulse lenght mSec

Pause Sec - -
Number of cycles Number | 1 1
Pulse duration Hours Oh Oh
Constant charge Hours 8h 8h
duration

Constant charge % Ah 10 % 24V
current imp.
Total phasetime: Hours 8h 8h
Total time: Hours 16 h

Caution: As “2.4 V impose” has been chosen durinche 2" phase, constant charge current
will determined by the machine during the processa reach 2.4 V per cell.

If duration or amperage of the ' phase are too low, set up current may by very high
involving high temperature and even disruption of he main fuse in the machine.

Special care is mandatory in the choice of the badty capacity input.
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3.3 Control and regeneration acknowledgment

3.31 High temperature

High temperature warning :

Warning signal with red flashing report. Shows number of warning detected during the cycle i
process.

Manual program (24 V - 200 Ah)

u:| 0,0V )

Total G elapsed 1| 0:07:332

Pambe ol kg < 0

Trkal time feft o) L1:52:27 | erught of pilze @ 170 ms

; : . Lenght of pacee 13 =
Phase time left 2| 11:52:27 lire for pulse change ;1 h
e T Current of pulse ; 20008 —u L
me ﬂm hft i 35227 Time fow corel. changgs ;1 b —'3 ol
Currend firsl eyele 15 A

Phase Time &6 h

Total time high temp and time elapse|
during the cycle on red font as a
warning signal.

If battery temperature is getting to high (over @h°The BRT will stop automatically for 30
minutes, to allow the battery to cool down.

« High temperature » will appear on screen. Onedgdmperature recovers normal level, the BRT
will resume the process. BRT will set the requegtathmeters automatically in order to reduce
high temperature pics again. Parameters will Helbsvs:

- During pulse session: pulse length reduced by 20@&naatically, down to 80ms
if needed. Below this figure, then the pause lengilh be increased by 1

second.

- In imposed constant charge phase: Current will édmehsed by 30% down to
10A minimum.

- During free charge: As self regulation in currenll @wpply; only stops of the
charge shall occur during the process.

AFTER 4™ STOP THE MACHINE WILL NOT RESUME PROCESS
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It is very important not to stop the process of Bif€T; operator shall leave the machine to run the
full program.

Values will automatically be set as initially regted for the following loops.
Temperature may also be reduced by setting up igmaameters: reduce length of pulsation,
increase the pause lap.

To keep temperature cool, air vent or cooling syssall be implemented.
When a temperature failure occurs, a temp gaudéwillisplayed on the screen.

Caution : Exceeding temperature may cause severe mages to the battery that may destroy
it. It is important to check as follows that the tenperature gauge is working well.

Once operator notice there is a rotten egg smell ithe workshop, it means temperature
reach 60 °C. At this stage battery produces Sulphig hydrogen (H,S). This gas is toxic and
explodes.

3.32 « High voltage»

High voltage warning :

Warning signal with red flashing report. Shows number of warning detected during the cytle i
process.

hase ; if2

L=}
o
&
=
Lo
w

u:[ 151V i 300 A
Total time elapsed :[0:00:05 |

Total time left : MI‘_Jn:mnIJ;;rt -:E:jr EJC;E: fzu ms
Phase time lft: e fot Pk w08 L
) Currm'_tufpulﬁeEEEIJA ._"‘}I
Belbihin oo | oo an =
Loae: Riigh T° : Phise Time (6 h
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This warning appears when tension exceeds the nuaxigligible tension (2, 4 Volts per cell),
involving then gas production. This signal is aie®tshowing that regeneration process may be
finished. Machine will then stop automatically ffd@ minutes to get voltage decreased.

BRT will set the requested parameters automatidallgrder to reduce voltage in the battery.
Parameters will be as follows:

- During pulse session: pulse length reduced by 20@&naatically, down to 80ms
if needed. Below this figure, then the pause lengilh be increased by 1
second.

- In imposed constant charge phase: Current will édmaehsed by 30% down to
10A minimum.

- During free charge: As self regulation in currenli @pply; only stops of the
charge shall occur during the process.

AFTER 4™ STOP THE MACHINE WILL NOT RESUME PROCESS

That can also mean that a cell may be damaged. &adearticles may then be floating in the
cell generating short circuits.

If so, operator will notice an excess of tensiontlie other cells and current will increase.
Sometime the damage cell may produce gas and soisewill come out from this cell.

To cure this, check that all other cells are indystate taking tension measures during constant
charge and looking for high voltage. It is recomuoheshto regularly check cell tension during the
regeneration process.

3.33 End of regeneration loops

When regeneration is over, « finished » appeartherscreen. Operator should check the battery
and upon result it should be decided whether apteage is needed or not.

During constant charge, Regeneration will stoghe@ BRT notice that the battery global tension
doesn’'t need more charge. « STOP High voltage »eappon the screen (report to previous
chapter).

Operator will give a quick check on the battery.

3.34 Control on the discharger analyzer for acknowledgmehn

Mainly for traction batteries, the discharging tesstmandatory to validate the C5 ( 5hours test).
This is part of the final quality control of the vl process.

For other batteries operator shall refer to marnufacs charts.

Stationary batteries are usually tested in theGgor G table charts.

Mo BRT 20-3 40 Version 2
AVRIL 2010 Prog V2.3



MIN — B3 — 135, av Pierre SEMARD — 84 000 AVIGNON ¢ edex FRANCE
Tel. +33 (0)4 90 87 00 07 e Fax +33 (0)4 90 81 08 05

Discharging test shall also b adapted to the use thfe battery the owner is suppose to do.

For Traction batteries :

The five hours test shall be conducted :
This is an international chart requesting thatdsgtshould hold a discharge during 5 hours with a
discharged down limit of 1.7 Volt per cell.

As a statement, because we are working on useerieatttest shall be conducted aver 5 hours at
80 of the nominal capacity of the battery.

If battery capacity is 850 Ah, the discharge shaltonducted as follows (850x80%)/5 = 136A.
Battery shall deliver 136A during 5 hours.

After 5 hours of discharge, the cut off voltageeach cell shall be over 1,7 V.

For a 48 V battery, it means 24 x 1,7 =40,8 V.

A well regenerated battery would be qualified it@n hold 4,5 hours on the discharger. Indeed,
once in operation again the battery will gain vadfter several charge cycles.

Operator shall take into account how the battepperated by the client.

3.35 Regeneration control on electrolyte and voltage

In order to get correct values, measurements bbatbnducted when the battery is disconnected,
at least 30 minutes after the regeneration prasesger.

Tension on connectors can be check during the pElasg the regeneration process.

At the end of the regeneration process it is recenuad to check tension and electrolyte density
in each cell. Sometime it may be necessary to éhange parameters of the BRT as the battery
sulphating is reducing.

With the electrolyte, if the density fell below tlstandard level, it is required to add some
distilled water in the cell.

Measure shall be conducted before adding the watleerwise the density value will be false as
dissolution of acid will occur when adding watdroperator misses this part, it would then be
recommended to do a quick constant charge in dod®iix electrolyte.

A battery which is not in a good shape will oftende steam during regeneration process. So it is
important to check electrolyte level after the @es.

All measurement shall be conducted or convertseastandard temperature: 30°C.
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Above 30 °Coperator should decrease voltage by 0,005 Voltyestegree exceeding 30° C. The
greater the temperature the higher voltage is sdimmeammeter.

Ex: Voltage red at 42° & V= 2,18V
After correction to adjust at 30% V=2,12V

Above 30 °Coperator should increase density by 0,0007 edegree exceeding 30° C. The
greater the temperature the lower the densityasveld on densitometer.

Ex: Density at 45° G» 1,175
Density after correction adjusted to 369,185

At a usual continental temperature (20 °C), batteryeneration is over when the electrolyte
density is between 1,27 and 1,3 per cell and wkesidn is between 2,1 et 2,3 volts per cell.
Those values are reached almost everytime.

To check whether the battery is completed, thos@egaare important but not enough, and the 5
hours discharge test shall be conducted. As ansémie because we are working on used
batteries, test shall be conducted aver 5 hol86 &b of the nominal capacity of the battery.

If battery capacity is 850 Ah, the discharge shaltonducted as follows (850x80%)/5 = 136A
Battery shall deliver 136A during 5 hours.

After 5 hours of discharge, the cut off voltageeach cell shall be over 1,7 V.

A well regenerated battery will be noticed wheningrthe first two hours of discharge bath
tension and electrolyte density values are not gingn Every hour operator shall check global
tension and cell tension. Doing this allow the apearto see if one cell is weaker than the other
and can proceed to its removal and replacement.

If new regeneration is needed, then disconnectdhée from the discharge and connect it to the
BRT for a new adapted regeneration process.

Record in the « regeneration test » worksheetitiz ¥alue for the electrolyte density and the
battery tension.

3.36 Disconnecting the battery

Before disconnecting the battery, the process $laterminated and the BRT switch off on zero
position.

If regeneration process is finished, main BRT swikdll be on zero.

Remove the main cable connector from the BRT (MPitU cable).
Disconnect the battery cable plug (purple plug).

Disconnect the red + battery cable.
Disconnect the blue — battery cable.
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4 Technical appendices

4 .1 Equipment scheme description

Below, here is the wiring diagram of the BRT. Howevit is a simplified diagram as some
components are intentionally missing.

Main switch
Ground disruptor

-+ =
— —
—ojg = =]
=] =] = =]
l Transformer
‘ Transformatet | 4007120 V 220/24 vV
— h ¥, -
Thyristors '@
—_— :. A )
S P
| EI:-, - | |
Transformation de tensi — Fuse

125 A

Thyristors
Switch board

Processors

Temperature —p
gauge

Scheme, S = Current sensor.

4.2 | nstallation

The BRT is simple to set up. There is anyhow sonmmum requirements:

Power supply shall be on three phases 380 to 4Gfisvuptor 40 A or 50A on a D curve. The
BRT requires a lot of energy during very short matend disruptor shall be strong enough to
keep current flow during those peak period.

To keep things moving without any trouble, we reawend to increase disrupter capacity to 60
Amps.
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To get the BRT operational, connection to the niR8U shall respect the phase order (R, S, T)
and the main cable shall also be well connected.

As already done for the main connection, Europgpad plug with 3 phases and neutral shall be
used.

Manufacturer shall supply a plug with the phaséhim right order. Check the phase order after
installation.

Upon the impedance of the electric network, it rhayequired to change the order of the phases.

If phases are not in the correct sequences, the BRTnot work correctly. One can notice
misfunctionning as follows:

- Immediate disruption

- Disruption at the first pulse ( ie about 2 minua#®r connection)
- Pulses with strong amperage gaps.

- Noise at random or chocks during pulse.

- Output : 100%

Then proceed to set up phases in the right order.
This shall be done at the main electric switch daarin the plug. One shall avoid changing the
phases in the BRT.

Next step is to control the installation is equigppéth differential disruptors such as 300mA one.
This machine is equipped with a CEM filter requiri@arth connection of 5 mA. It is not required
to connect this machine on a disruptor equippedh 20 mA differential (fire protection) or
500mA (machine protection on a dedicated connektion

A 30mA disruptor complying with the human body @tion in the working place is sufficient.

The machine is equipped itself with a 30mA disruptomplying with the human body
protection.

If the regenerator has been in a long transpodsglecheck that all screws are sufficient turned
especially those around the transformer.

Wood shocks are placed in the machine to sustaitrémsformer during shipping while the BRT
lies down. Operator shall remove those before uie@BRT. Use those shocks again if transport
of the machine is needed.

4.3 Maintenance and equipment check list

The BRT is almost maintenance free equipment. Nlegkass, a special care is recommended on
the following components:
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» -Control the air vent grill on the right hand sifethe BRT is dust free,

* -Once switch off and disconnected from the main peeck all cables connection, mainly
if the BRT is often move place to place.,

» -Check the temperature gauge and test if it wotkenareaching temperature over 45°C.

Double check with a classic thermometer that walldgdaced temporarily in a cell next to
the original gauge.

Another way could also by heating water up to 5Qrees and place the temperature
gauge in order to see if the BRT stop processisglaying « High temperature ».

4 4 Checking the temperature gauge connection

Checking this device is quite simple as it is aebtbcircuit. With a ammeter, check position 1 and
3 without touching the ground which is in the migtdrame. Current should flow between 1 and
3. Pin position as below.

P
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4 5 Breakdown analysis

No problem shall disturb the BRT operation. Howebhere are some advices to cope with
potential failures.

4.5.1 Electric interruption

If there is an electric disruption when BRT is &tdr operator should check the phases order.

If disruption occurs from time to time, check titae BRT is working correctly.
First thing to do : check the card which is rigbtdw the BRT top cover where operator can read

Failure code Failure
FF Phase failure: no tension in one phase
LU Tension between R and S to low (Main power $yippoblem)
LI Current limitation
Ir Internal Inhibition activated
Ot High temperature in the thermo transistors
Normal use
00 Thyristors are working correctly.

4.52 Regenerator gets overheated

If high temperature of the BRT is noticed checkttthee air vent system of the thyristors is
working.

If not working, the BRT shall not be used and opmrahould contact the nearest distributor.

4.53 Temperature gauge

Sometime sulphuric acid attacks the temperaturgeyau
If there is a doubt about it, refer to chapterté.fest the gauge.

Gauge shall be connected to the BRT. If BRT staps ‘high temperature” is on the screen
display the gauge is working. If nothing happehentthe temperature gauge should be replaced.

If the gage is not connected, then « high temperatunessage appears on the screen display.
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454 Output displays 100 %

This failure may occur while the BRT is in pulsatimode. If power is 100 % it means the circuit
is not closed for the following reasons:

* Main BRT fuse (125 A) is dead,

* No battery connected to the BRT

* The battery or one of the battery line is in slemcuit
* There is a phase problem.

The main reason would be the fuse of the BRT es$sstance should be checked

For safety reason, regarding short circuit occuoeein the battery, the BRT will stop after ohe
minute operation if the output remains steady 8240

CAUTION/ NEVER OPERATE MAINTENANCE ON THE BRT IF ITIS NOT
DISCONNECTED FROM MAIN PSU - ELECTRIC HAZARD MAY OCUR .

If needed, the fuse shall be replaced. Once theedbange, check up the connection line and the
battery in process looking for short circuits.
Indeed, when output is 100% it is possible thaatselby cell might be in short circuit.

To check this, set a constant charge loop withausgtion. If after a few minutes amperage

doesn’t increase and voltage of the battery is aveninal values, operator will have to cope with
a battery short circuit.

4.55 Regeneraion doesn'’t start

The BRT doesn't start even though the menu appatise screen display.
Check if the temperature gauge is well connected.

4.56 No electric flow on screen

1- no electric flow on screen, 2- the BRT accunaukatot of energy till the main fuse burns out.
Regenerator will have strange sound showing ibtsunder control.
Stop the BRT immediately and check if the curremiser is still working.

45.7 Worksheet "regeneration test”
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Hereafter exemples of regeneration test worksteetsaction, stationnary and starting batteries.
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REGENERATION TEST

Description operator:

| Description  Carrier |

Battery brand |

[ Age

[ Type

VOLT |

AH

VOLT

Dates

Cell *1
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DENSITY

Dates

Global
tension

* Cells are recorded starting from the battery positive connector

Comments:

Operator:
Battery qualification :
Signature
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REGENERATION TEST

| Description  User: | Description  Carrier |
Battery
Brand Age Type
[ vor | I [ AH ] | I N° |
STATIONNARY BATTERIES 2 PARALLEL LINES
VOLT Discharger / Analyzer
Dates
BATTERIY 1
2
3
4 LINE A
5
6
7
8
total line temp cum.
Loop 1 Loop 2 Loop 3 WATT
BATTERY 1
2
3
4 LINE B
5
6
7
8
Dates
Global
Tension
* Cells are recorded starting from the battery positive connector.
Comments : Opérator:
Battery qualification
Signature
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