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Warning! Read ALL of the instructions before attempting installation. All
connections should be made when the system is OFF. No connections @
energized wires should be madéower should not be applied to sensg
boards until they are attached to the individual cells.
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1 Introduction

NOTE!t is important that you read this manual before
installing or operating any of these components.

Thank you for purchasinglite Power SolutionEnergyManagement System
(EMS)This manual covers operating and installation informatior the Elite
Power Solution&Energy Managemergystem.

the healthof lithium ion batteries. Itconsists of two major components, the

computer and thecell sense boarddhe computerwill tell many thngs about
the condition of a battery packt will displayoverview information like thévattery
state-of-charge, battery current battery voltage as well as the voltage and
temperature of individual cellsThecell sense boardsiount on each individual cell
to read voltage and temperature.They also have a battery balancing circuit to
equdize the charge of all the cells in a battery paldkere arealarm outputs from
the computer forcell over voltageand cell under voltage These can be used to
control other systems in the vehickich agattery chargers and motor controllers.
In additon, there are warnings to lethe driver know that error conditions are
approaching.

The EMSsystemhas everything needed to display the conditafrand maintain

One of the important safety features of the EMS is connection dmtéiction. When
an inadvertent connection is made between the battery pack and the car chassis, it is
detected and a warning is shown on the screen.

TheBMISis designed so that the battery monitoring is completstyated from the
regular vehiclel2V system. TheEMSis powered bya powerful, 8 core 32bit
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microprocessor that is capable of outputting corspge video. A CAN interface
option is available to display tHeMSnformation on a CAN displaylany optionsin
the EMSare programmable and can be customizeda specific vehicle
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2. Packing List

e 1x¢ EMSComputer
e 1 per cell BattenySense Boards
e Cable to go from the computer to the first Cell

e 1x-Current Shunt

Note: The number of battery sense boards and the wiring harness
vary based on the number of cells in the system.
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3. Specifications

Items Displayed..........ccccccccnnnnnn. Voltage, Current, Battery Capatityain screen

Cell number, cell volige, cell temperature on detail
screen

Comput er Powe.r8ewieamAor 8to85V as an option
Battery Voltagesdaee. . é.
Shunt | nput é &é560A = B0

//////

Vol tage Resolutlvoneeéeééeéeo.

rrrrrr

Current Resol utAi on éééééé

Temperature Measurement Ranr§8F to +199F o0r146 to +92C

Battery TypesélSiutplpioumedé. . . é
Vi deo Out puétéée.eeeeComposite Video, Color, NTS
RS 170

Measur ement ac Baiterthan ¥¥fd-allé&Scale

rrrrr

Measur ement speed ééééé.. Voltage and curre
Voltage and Temperature 1 time per second detail
screens
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Cell Voltageééééééééeée22.5 to 4.5
Bal ancing Thres®Wold éééeéé. . 3.
Bal ancing Current éééééé. . 0.5A

Digital Out put 4ACsurgeforl@Om8 BAécéngnuods
Out put Delay (default)ééééé30 seconds
Optional Di splay I nterfaceééée. CAN

Connection Fault Detection ééé2mA (5000 Ohm

*12V input must be able to supply the power used by the alarm outputs
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4. Installation

ALWAYS USEXTREMEAUTION WHEN WORKING ON AN
ELECTRIC VEHIGUENAY DISABLEHE CIRCUIT BREAKER '
' WHEN THE ENGINE BAY IS OPEN (THIS WILL HELP MINI E
] RISK OF SHOCK). ALWAYS TAKE NOTE WHERE THE HI
VOLTAGE LINES ARE.

he Elite Power Solution€MSis designed to make insfation easy. All of the
connectiongto it are made with conwaient pluggableo ¢  |j dzA O teRn@sO2 yy SO
The EMScomputer should be installed as close to the shunt as possible. The shunt
aSyasS gANBaA akKz2dAZ R 0S f Saaonmputer boxamshonh 2y 3D a 2 ¢
in Appendix A After the installation is completehe battery packmust be completely
chargel before the capacity will read correctly (s&ection 7 Capacity Algorithrfor
more details).
For Connection Fault Detectipit is imporant that theterminal with the chassis wire be

attached to the metal chassis of the car. Tisigequired forthe Connection Fault
Detection to work properly.
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Heartbeat LED
When the EMS is correctly connected to 12V, the heartbeat indicator will blink about once

per second.
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Isolated Battery & Shunt Connections

The Terminals on the left sidetbie computerare used for making the Higtoltage and
shunt connectiongRefer tothe figure belowfor these connections. The connections
between the batterypack shunt and high voltage loads are usually large (gigg2/0).
The connections to the EMS from the battand the shunt can be smaller gaugeg.18
or 20ga)

High Voltage Connections
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12v Vehicle Battery

The 12V supply to thecomputeris connected on terminals on the top and left of the
computer asshown below This connection should be made through a fused circuit to an
alwayson point in the 12V systemlf the computerlooses 12V power then the capacity

will reset t099% (seeSection 7 Capacity Algorithnfor further details) When 12V power
isappliedi KS NBR &l SFNIoSIFGeE [ 95 gAff o0ftAy|l @
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12V Connections

Page Select Switch Input

In order to displaythe voltage andemperature of the individual batteriesa switch to
select the approprig display page is needed. This can be any normally open momentary
switch. The switch is connected to the mode (MDE) and ground (GNDjspstown
below. There is no polarity on the switcilhese may bemall wire €.9.18 or 20 ga) for

the switch conections.

T
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Page Select Pins
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Sense Board Wiring

The sense boards are connected to the computer \dakde which has a 14 pin
connector on one end and a 4 pin connector on the otfigrs cable plugs into the
computer as shown below:

:

<
(@ JER 0 VI
s Ol UTNRROD N S

Energy Management System
b Q e
> > z

Thesense boaradonnector has a key to prevent it from being plugged in the wrong
way.

The summary screen will show how many sense boards are connelitedsense
boardscan be connectedne at a time while the syste is powered up to verify that
they are working.This should be done once the sense boards are mounted on the
cells. This will prevent the sense boardsom being accidentally shorted to chassis
ground. The sense board that is plugged into the connectogest to the computer

is number 1; the cell number follows the series string of sense boards which must
also follow the battery pack series connectioAs an aid to trouble shooting,may

be useful in a system with many cells to write the ID numbeeachbattery cell
Should the summary screen show less than the full number of(esllsrror message
2F aLl)l Ol KI a dzy Yl thfelisSucBnbe&ldsdtell iy §oing tbihdSdstNE O
cell registering on thecseen @ the next higher number cell.

11
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As shown in the picture abovehe Sense Boards come prgred in groups of 4.

These should be installed after the bus bars have bestalledon the cells. The

groups of 4 have an input and output connectors. The input connector plugs into the
computer cable. The output connector plugs into the input connector of the next
string (visible in the rear of the batteries)'he input and output &bles have a short
length of exposed wires. This is to allow the cable to be fed through the wire combs
of the battery. When the installation of the sense boards is complete, the coaers

be installedon the cells as shown on the right side of the piet

Cellnumber 1canbe either the moshegative(as shown above)r the mostpositive
cell. Cell number onnectsto the computer cable and the cell numbers increment
as they go away from the computer cable.

The sense boards have the plus and minus indicated on themill not harm the
senseboard to connect it backwards, however it will not work. When the board is
installed correctly, the greebEDwill light up. There is also a red LED which indicates
that the board is balancing. Normally, this LED will not light. It will comehen the
voltage is above 3V.

The sense boards, like the cells they attach to, alternate +¢dadthe series
connection. The caiolgis designedo go underneath the baals. Shouldthe
installationhaveless than an even multiple of 4 glhe cablemay be cutlose to

12
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the last sense board used. Be sure to cut the cable cleanly with no wires left
exposed Do notcut the cable with 12V power appliedo the CPUW Theresulting
short circuit may damage the EMS computer.

Battery Balancing

When the cell voltage rises above a predetermined threshold (see specifications for
this value), the sense boards draw a small current. This will bring all the batteries in
the pack tothe same level of charge. When the balancing function is active, the red

light will come on.

13
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Video Output

The composite video output of theomputeris accessed througtime connector shown
0St 263 f I 0TS GrRbeanredtdd & #hé aptional LCD screen EPS supplies, or
it can be connected to any display which supports a composite video input (e.g. in dash
navigation).If the video outputneeds to beconneced a display which does not have the
standard RCA&ype connectorthen the outer shield wire is connected tioe 12V Ground

and the center wire is connected to \HO

-
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5. Programming

Many parametersn the system can be programmed. Please use this form to tell us how
to program your EM8omputer.

Contact Name Phone

Email Date

Over Voltaglarm(>K3.8V) Under Voltagdlarm(x2.5\)
Over Currenflarm Over TemAlarm (P 50°F

Battery CapacityAH) Centigrade/Fahrenheit

Ammeter Range

Other Parameters

Comments

15
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6. Usage

When properly installedthe EMS shows the status (Voltage, Currengnd Battery
capacity) ofan Electric Vehicléattery pack Here is arexample of whats displayedn

the screen

Elite Pouwer Solutions
ENS. - & V1.9

s
B <% [ 7 —
0.0 Current —Charging- 150.0

e

0.0 i 100.0

Min ¥=2.85 Max ¥=2.88 Max T-53.0f

16
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Main Screen

Video Display

TheEMShas at least two pages of information it can display. The firssisranary
page which has informatiofor the entire system. The second consist®oé or

more detail pages whicBhow voltage and temperature for each cell. The number of
detail pages is determined by the number of cellsventycells are displayed per

page.

Home Page

Number of cells Software Version
connected Number

Elite Power Solutidns

EMS. - 4 1.9

Pack Voltage

Current —Charging- 150.0

q’i’qs——— Pack Current

Copocity 100.0 _

B 00 Battery Capacity

89.0% Available
Min ¥=2.85 Max ¥=2.88 Max T=53.0f

Minimum Cell Maximum Cell Maximum Cell
Voltage Voltage Temperature

17
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Battery Voltageis the total voltage of the battery system. i$lvalue is updated in
real time. When something happens that changes the battery voltage,
such asaccelerating thevehicle this value changes immediately. The
voltage is displayed as a bgunaph from2.8V x the number of cells to
3.6V x the number atells. The voltage is also displayed as a number
which gives a precise reading. The graph is gvden the voltage is
above3.0V perof maximum, and it changes to red when it is beldfv.
the voltage goes outside the range of theaph, a warning (ofcale
high or off scale low) will show instead of a bar.

Battery Currentis the total current being drawn from or put into the battery system.
It is updated in real time, just like the battery voltagEhe voltage is
displayed as a bar graph from 0 teetmaximum expected value and a
number which gives a precise reading. The graph is green when the
current is below 40% of maximum, and it changes to red when it is
above. When the battery is being charged, the graph changes to white
YR (KS yRNHAWRYE alOIOKS I NA ©

Battery Capacitys the state of charge of the battery (0 to 100%). It works by
counting the amount of energy drawn from and put into the battery.
LG Ff&az2 dzasSa @2€taGlr3sS +ra | aaklLyAadee
and thevoltage goes above 3/x the number of cells, the display will
automatically show 100%. Similarly, if the battery voltage falls to 2.5V
x the number of cells then the display will show 0%. When the system
is powered up for the first time it will sho®0%. The graph bar is
green when there is more than 50% of battery capacity available, and
red when it is below 50%.

Number of Cellss the number okense boardthe computer finds It is updated
once every few seconds. This is useful for when conngttiesense
boardsduring installation. Athey are connected, the number will
increase.

18
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Minimum Cell Voltageas theminimumof the readings of the individual cell voltages.
This value is updated after each scan of the individual cells, ev2ry 1
second.

Maximum Cell Voltagas themaximumof the readings of the individual cell voltages.
This value is updated after each scan of the individual cells, ev2ry 1
seconds.

Maximum Cell Temperaturas themaximumof the readings of the individual cell
temperatures. This value is updated after each scan of the individual
cells, every 2 seconds.The Letter F or C indicates whether the
temperature is in Fahrenheit or centigrade.

Version Numbels thesoftware elease number. This number is changed whenever
there is a change in the software release.

Alarms and Warningare displayedelowthe cell voltages and temperature when
an alarm or warning condition occur§here areb alarms and
warnings: over voltage, under voltage, over current, over temperature
and connection fault They are described in more detail below.

19



EMS OPERATION AND INSTALLATION MANUAL

Detail Page

Single Cell Monitor
Cell dazoir ;

Cell Cell Cell Cell Cell Cell
Number Voltage Temp Number Voltage Temp

The data for up t@0 cells is displayed on each page as tetmumns of up tdlO.

Cellnumberis the ID number of the csll The ID numbers start with thell
connectedclosestto the computer.

Cell Voltagas the actual voltage on each cell. This value is updated ev2ry 1
seconds. The number is shown in grekit is above3.0V and below
3.7V. Ifitis outside this range, it changes to red.

Cell Temperatures the actual temperature of each celf it is less thara set point
value,it is shown in green otherwise it is shown in re@he
temperatures are normally shown in Fahrenheit, but it may be set to
Centigrade The temperatures are in the same units as on the
summary page. The set point for the numbers to change from green
to red is normally 150F.

20
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Alarms and Warnings

To prokect the battery pack, there are a number of alaramsl warnings These are based
on Voltage, CurrentTemperatureand connection fault As one or more of these
parameters go out ofange a warning will first appear on the screen. If the parameter
goesfurther out of range an alarnindication will appear on the screen and an output will
be activated.

The set pointgan be programmed at the factoryrhe defaults for those set points are as
follows:

OC Over CurrenB00A

OT  Over Temperaturd50F

OV  Over Voltage3.8

UV  Under Voltage.5

The connection fault alarm is activated when a connection between the battery pack and
the chassis is detected.

If the number of sense boards is different than a-pregrammed value, an unmanaged
cell error willbe generatedBoth the under voltage and the over voltage alarm outputs
will become 0 volts if this occurs.

21
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Controlling Other Devices with Alarm Outputs

There are2 outputs available on th&MSfor controlling other devices. These
outputswill supply up todAsurge and 2A continuoush@&se outputs can signal an
alarm when there is an error conditiand serve as interlocks to the vehicles
components When power is removed from the EMS computer, the outputs will not
supplycurrent

Output Turns On With Alarm

OUTPUT

EMS
Computer|

Output Turns Off With Alarm

ouwm—@—» To 12V

EMS
Computer

Please note that the outputs are reverse logic: the output will supply current when
there is NO error.

These outputs can directly drive relays without a suppression diode.

There are two error outputs: Over Voltage and Undeitage. These outputs have a
time delay so that the condition causing the error must be present for 30 seconds for
the output to activate, and absent for 30 seconds for the output teadavate.

Over Voltages active(i.e. 0 Voltswhenanycell voltageis too high. It is typically
used to turn off a charger when the battery is charged.

Under voltageis active(i.e. 0 Voltswhenany cellvoltage is too low. It is typically
used to turn off a motor controller when the battery is discharged.

The other error conditions dinmanaged Cell§ver Current and Over Temperature
will cause both the Over Voltage and Under Voltage outputs to become active after
the 30 second delay.

22



EMS OPERATION AND INSTALLATION MANUAL

The alarm outputs are located as shown below:
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