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Types of Rechargeable Battery

Alkali Type

Lithium Type
|

Representative
secondary battery

Li-ion Polymer

~  Gel/Solid electrolyte

Lithium metal

Nickel-cadmium

~Organic solution electrolyte

www.cargeek.ir

Acidity Type

Lead-acid

HEV Battery

» Nickel-Metal Hydride
» Lithium-ion

» Lithium-ion Polymer
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Alkaline Battery

Alkall Type

[ Nickel-cadmium }

» Cell voltage : 1.2V
» Self discharge rate: 10~-30%
» Memory effect: YES

(Ni-Cd)

» Application : Walkman,CD player

Nickel-Metal Hydride > Performance : Ni-MH »Ni-Cd
(Ni-MH)

NiI-MH Capacity: about 1~5 kWh
(Normal battery : about 0.3~1.0 kWh)
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What is memory effect

Effect which cause to hold less charge because battery
remember the smaller capacity

-

If 80% discharged and then
fully charged,
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If 64%(80% of 80%)
discharged and then fully
charged,
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Nickel-Metal Hydride Battery (Ni-MH)

[ Most of HEV — Using Ni-MH Battery ]
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Lithium-ion Polymer Battery (NiPB)

Lithium type

Lithium-ion
(Li-ion)

Representative
secondary battery

Lithium-ion Polymer
(LiPB)

» Cell voltage: 3.75V
» Self discharge rate: 5% or less
» Memory effect: NO

» Application: Laptop, Digital camera,

Cellular phone, etc

» Performance: High Voltage,
High energy density
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YF Sonata Hybrid High Voltage Battery

YF Sonata Hybrid

Lithium-ion
polymer battery

VWorld s irst ithium:=1en; pelymer battery for HEV.
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HYUNDAI

System Layout

<+«——— Electric energy
<« — — » Control data(CAN)

HEV Power-train HCU _
(engine+motor+transmission) | Engine/ Battery High Voltage Battery System
motor soC, _
power variable output cooling fan speed
distribution control
- - — = € --- —l

G

MCU =

v

= battery
1Motor power current, voltage, temjp.
ldistribution .
| cooling fan
\ 4

. AC Power DC Power N \/

2 e*":;": .
cooling

(air cooled)
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High Voltage Battery System Components
High voltage battery BMS*
» Lithium-ion polymer battery » Voltage, Current, Temperature sensing
» 270V / 5.3Ah, 72Cells in series » SOC” estimation, Power-cut, Cooling control,
» Enhance safety Relay control, Cell balancing, Diagnosis

-Prevent overcharging

B
"lllll-llnnnnln- \

Cooling system
» Maintain proper temperature Power Relay Ass’y(PRA)

- Equipped with BLDC" cooling fan > Relay ON/OFF control
- Increase air flow & Reduce noise > Battery current check

: Brushless DC, : Battgy/Magagement System, : State of charge
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Location of High Voltage Battery

ﬂ“.ﬂ...*'f.ﬁ'ﬁ.ﬂ'k
ST RN 2

g;‘i. -

High voltage battery module assembly
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Composition of High Voltage Battery

Cell

Module

(8 X 3.75V = 30V)

Module
Assembly

8Cells = 1Module / L
|
= \

(9 X 30V = 270V)

9Modules = 1Module Assembly
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HYUNDAI Components
Operation of High Voltage Battery (Li-ion)
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Location of Power Relay Assembly

High Voltage Battery
System

www.cargeek.ir
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Composition of Power Relay Assembly

Pre-charge Resistance(?)

Pre-charge Relay

— High voltage Relay (+) (-)

Capacitor

www.cargeek.ir
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Power Relay Circuit
Pre-charge  pre-charge
relay resistance
LDC

O/C 1 O

Main Relay (+)

Capacitor

Main Relay (-)

Equipped with Pre-charge circuit
to protect electrical components

Inverter(+)

Inverter(-)
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Power Relay Circuit

W
Load
voltage
S

| > 1
) Frecharge
Batt SU9® Normal operating current
5
|
|
|Ht
Of —— Pre O — of —°
charge

K1 : Pre-charge relay
K2 : Main relay (+)
K3 : Main relay(-)
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Relay Control

i Oscilloscope T =5

-Wm .aﬁa s ]

| +2ov " MainRelay+ | Cura: 0.1V Avg 01V  Curb: 01V miml
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Pre-charge Relay Control

i Oscilloscope Tt

--m -.-. A ooma

+20V " Precharge Relay ! . Cur-a 0.1Y  Avg :105Y Curb: -84V O[O
| N . ) \ \ a ] bl , : . : : .
|+400v ' " HighVoltage | ' Curia:33V  Avg :23BY Curb: 269V [

-100V : .
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Cooling Fan & Duct

Cooling Duct

www.cargeek.ir

Cooling Blower
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BMS Hardware

Item Spec Remark
CPU 16bit XC167 (Infineon)
Battery Cell . . .
Voltage Sensing 72 Cells Exclusive sensing chip
Cell Balance 150mA@4V Bucking

Current Sensing

-200 ~ 200A, 10Bit

Battery 5 + External

Temp Sensing 11 ch Device 1 + Aux. Battery
1ch
Insulation
Resistance 0.01~1MQ -
Sensing
FCTL (relay control)
Cooling Fan FSPEED (PWM output)
Control VF (speed monitoring BLDC Motor
input)
Relay Control 3ch Pre / Main (+)/(-)
Interlock 1ch Safety plug
CAN Comm. 2 ch C-CAN / H-CAN

www.cargeek.ir
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BMS Framework
1
| battery module | | battery pack | | battery system :
measure . Insulation !
cell voltage cell temp current intake temp ; 1
resistance I
1
|
\v/ |
|
1
;‘ * BMS-Major Function "= =TT T T T T T T T T ': 1
1
: I Key On/Off I SOC Mgmt
I @ Estimate SOC @ limit output : Info 1
|
: @ @ I | Oie Clue Choes Linst
control cooling system control relay 1 linthos [ A
: ! AT o A
! _ _ | ! —/
battery 1 | ® troubleshooting ® cell balancing I SOC | i | - N
control devicq | 1 I I OnaDickzzz
L e e e e e e e e - o 1 .
|
i 1
J Variable Power \ Power Distribution
1
|
fan speed se(rqilzzce Error Code I
|
1
|
1
|
1
|
Drive cooling fan high voltage lamp 1
mechanism 9 relay (Cluster) !
1
|
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Functions

» SOC monitoring

» Input / Output power limit calculation

» Cell balancing

» Cooling fan control

» High voltage power relay control

» Self diagnosis

www.cargeek.ir
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SOC Monitoring & Input / Output Power Limit Calculation

100 %
Max Over Charge
- 80%
Charge Limit A 65%
0
Normal soC
: . 55%
Discharge Limit { °
. 20%
Min Over Discharge
0%
Sae (oo | 26 2= [ wa o [gwue | FEIY| O4OF
. —| 0 0 | o [NENIEXEINE
7| —| 0 0 [ o [ =] x [ X
RANS 0 0 0 0 X X
55 | BONE ! PG SHNY sans el 0
: 0 Hy 0 0 0
40 ..................................................
=0
—| 0 |emu=| p | 0 0
| T e A = S S o SR Y TP S
— X X X 0 0
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Cooling Fan Control

Output 25. 00
(k) 20. 00
. / 4 4 g \
Discharge 1500
g Unusable / \
10. 00
>.00 Usable Temp (°C)
0.00 T 5
0 5 10 15 20 25 35 45 50 5 60 0|
>0 \-\.\-\ /
i i i
-15.00
-20. 00
Min. Storage Min. Charge/Discharge Warning Operating Temp. Max. Charge/Discharge Warning Max. Storage
Temp. Temp. Temp. Temp.
-40° -30° -29° ~ 49° 50° 55° 65°

=>» Optimal Temp: Average of 30 www cargeek.ir
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High Voltage Power Relay Control

High Voltage Drive Component

MCU

LDC

HV MAIN RELAY(+)
OFF Req.
' * OO ~—e
G _ A+ v )
ey T =
. HV MAIN RELAY()
- ON/OFF | BMS : 50
Req. m )
—
ECU HCU Relay 7
TCU — Drive HV PRECHARGE RELAY
ON/OFF — S50 W\l
AIRBAG — Status (‘“1
—

High Voltage A/C Component

J_ FATC

]

Power Cable

Inveter

+
|| Battery

www.cargeek.ir
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High Voltage Power Relay Control

_1G KEY

Main Relay(-)

Pre- charge Relay

INV Cap. Volt. I :

Main Relay(+)

Main Relay ON Status

d »
< >

Pre-charging Time : 200ms

www.cargeek.ir
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Self Diagnosis

Input

Bat. Voltage

Bat. Temp.

Bat. Current

Detect

*Detects only when preset detection condition is
maintained for certain detection period..

1. Detection condition: voltage, current, temperature,
resistance, output, etc.
2. detection period: immediate ~ 10 sec.

Handling

Deactivate

*detection item*

(CAN) and actuation processed.

» *After detection, the information is transmitted

1. BMS Status
- Determine Ready / Controllable / Fault

voltage current output
Aux. Bat. Voltage
temp sSoC balancing
Fan Voltage & wear and tear
Insulation current sensor | | voltage sensor temp sensor
Resistance
Comm (CAN)
aux. battery fan insulation
HCU
MCU relay safety switch communication
/ fuse
EMS

*Diagnosis will deactivate under the following
conditions.

2. Limit Output
- Set limit level: 0%~100%
- Set limit slope
:immediately after occurance~1kw/100ms

1. Satisfactory conditions

- Category criteria: when there is no serious
problem with the battery output and internal
structure

- Deactivation condition: when preset deactivation
condition is maintained for certain period

3. Relay Control
- Determine relay OFF/ON

4. Fan Control
- determine fan operation and speed

2.1G OFF

- Category criteria: when initialization is
necessary

- Deactivation condition: IG OFF and then
deactivate

5. Warning Lamp
- Service Lemp ON/OFF
- MIL ON/OFF

3. Repair at shop

- Category criteria: when there’s a significant
affect on performance or durability

- Deactivation condition: Deactivate only via GST
Tool after the inspection by a technician

www.cargeek.ir
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Connector check

A %18 DANGER

et oM
(HIGH VOLTAGE SAFETY COVERI
e N e |
o 15 01

S

BMS External Connector

www.cargeek.ir
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Connector check

Cooling Fan External Connector
www.cargeek.ir
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Current Data 1

™ internet Off !

YFHEV20117G 2.4 MPI

BMS / BMS

&4 Current Data

Sensor Name Value

[ State of Charge of Battery(BMS) 455 % 2
[J Available Charge Power 26000 W
[JAvailable Discharge Power 32440 W
[ BMS Main Relay ON Status YES -
[0 BMS Controllable State YES -
[0 BMS Warning NO -
[0 BMS Fault NO -
[0 BMS Weld Flag NO -
[0 BMS Overcharge Protection Flag NO -
[0 BMS Main Relay ON Retry Flag NO -
[JBattery DC Current 0.0 A
[JBattery DC Voltage 267.6 ¥V
[JBattery Max Temperature 30 'C
[JBattery Min Temperature 29 'C
[]Battery Module 1 Temperature 30 'C
[ Battery Module 2 Temperature 30 'C
[ Battery Module 3 Temperature 30 'C
[JBattery Module 4 Temperature 30 'C
[JBattery Module 5 Temperature 29 'C
[J Auxiliary Battery Temperature 200G
[JAmbient Temperature 29 'C v
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Current Data 2

£ Current Data

Sensor Name Value Unit
[JMax Cell Voltage 3.72 ¥
[JMax Cell Voltage No. 33 -

[ Min Cell Yoltage 3.68 V

[ Min Cell Voltage No. 60 -

[J FAN Status 0 -
[JFAN Control Duty 0 %
[J Auxiliary Battery Voltage 109 V

[0 Accumulative Charge Current 129.7 Ah
[J Accumulative Discharge Current 128.8 Ah
[JAccumulative Charge Power 32.0 kWh
[J Accumulative Discharge Power 29.9 kWh
[J Accumulative Operating Time 83417 Sec
[JMCU Ready YES =
[JMCU Main Relay Off Request NO -

[ MCU Controllable NO -

[0 GCU Ready YES -

[J GCU Main Relay Off Request NO -
[JGCU Controllable NO -
[JHCU Ready YES: -
[JHCU Engine Start Signal NO -

O Inverter Capacitor Voltage 268 V

www.cargeek.ir
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Current Data 3

Tinternetoft ! | VIN . RIS BMS 1BMS Search PrtSe

£ Current Data =
Sensor Name Value | Unit

[ Motor Speed 0 RPM A

[JHSG Speed 0 RPM

[Jisolation Resistance 2949 kOhm

[JBattery Cell Voltage 1 3.70 ¥V

[JBattery Cell Yoltage 2 3.70 ¥V

[ Battery Cell Voltage 3 3.70 V¥

[JBattery Cell Voltage 4 3.70 vV

[ Battery Cell Voltage 5 3.70 ¥V

[J Battery Cell Voltage 6 3.70 Vv

[ Battery Cell Voltage 7 3.70 ¥V

[ Battery Cell Voltage 8 3.70 ¥V

[JBattery Cell Voltage 9 3.72 ¥V

[JBattery Cell Yoltage 10 372 ¥

[ Battery Cell Yoltage 11 3.70 Vv

O

O

O ) -

[ Battery Cell Voltage 69 3.72 ¥

[ Battery Cell Voltage 70 3.72 ¥

[ Battery Cell Voltage 71 3.72 ¥V

[JBattery Cell Voltage 72 3.72 ¥ ¥
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Actuation Test

LA A 0 F HEV /2011 G 2.4 MFI BMSIBMS Search PrtSc

& Current Data (=)

‘Selectiye Display + | Fuillist = [ 2 Niemsiisie B Resctiniaya Sty
Sensor Name

[Vl FAN Status 7 -

[¥] FAN Control Duty 70 %

[ Battery Max Temperature 30 'C 5

[J Battery Min Temperature 29 'C

[JBattery Module 1 Temperature 30 'C

[J Battery Module 2 Temperature 30 'C

[JBattery Module 3 Temperature 30 'C

[]Battery Module 4 Temperature 30 'C &
£ Actuation Test O
Test ltems S

@ Duration :

FAN 1st Until Stop Button

FAN 2nd -

FAN 3rd @ Conditions ||G. ON

FAN 4th

FAN 5th @ Result Success

FAN 6th

FAN 7th

FAN 8th

FAN a1
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Cautions while servicing on high voltage circuit

. g

Safety Plug

Inside of trunk

Technician must discennect safety plug!

Wwww.cargeek.Ir
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How to release safety plug
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Cautions for high voltage

«

" "\‘:

Orange color means high voltage cable or components
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High voltage checking point

Connector #Ii Level
No
1
PRA IG OFF : OV
(INV + /-) 2 IG ON : 270V (198V~309V)

www.cargeek.ir

v When servicing high voltage system, checking
voltage must be lower than 10V.
v Must be cautious when checking high voltage.
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