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BMS Design for Large Battery System
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Why we need a BMS?

Why the LiFe battery is better?
Intrinsic Problem with LiFe?!
Modular Design
Communication Interface

Hierarchical Structure
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The LiFePO,--the Best Lithium Battery

extra-long life and free from explosion issue

% & #48 ¥ Thermal Stability (No Thermal Runaway)

@ v * % g3 Permit to Over Charged

Ef2 7 42 L Resist to Directly Short

& 7 s2§tLess Penetration Possibility under Low Voltage

5 150 ) % # Olivine Structure (Stronger Bond, even under
extreme temperature)

7 25 = g4k & No Migrate Out Effect (without non-linear Expansion)

L 42 3 47 4 0% 5¢ No Lithium Remains as full Charged (No Firing
Probability)
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G Best Use-effective
due to long life

Anode Material LiCoO2 LiNiO2 LiMn204
Structure Oxided Layer Oxided Layer Spinel Structure
Expect Capacity 130~150 170~200 100~120
Operation Voltage 3.6V 3.5V 3.8V
Safety Complex Complex Simple
Thermal Stability Poor Poor Fair
Material Reverse Rare Enough Rich
Material Production Mass Experimental Small
Energy / Weight 466 285
Power / Weight 320 400

_ CycleLife _______ >500_ _______________________>500 ___
Cost Much Much Low
Application Small Battery for 3C Small Battery for 3C  Power Type

LiFePO4
Olivine Structure
140~170
3.4V
Simple
Good
Rich
Small

Power Type
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q &5 Lag s
Problematic battery

PR RAES
Consuming battery

af AT E RS
Durable battery
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Major Application Consideration—Balance

Initial Capacity Variation, self-leakage, Rush discharge, ...

Powder purification: always with Fe,O, Li, PO,, Fe PO,
Powder size variation: Olivine Structure
Process variation: film thickness, solution volume, isolation film , ...

=> Initial capacity Variation é
Self-leakage & self-discharge 1
Rush discharge = L s
1b2 ¢ Extra leakage due to scratch,
. Load§ spot, punch, or crack on
H isolation film (PE, or PP)

/ ESLg
ESR§

Ibl=

§ ( N Ic2+1b2
T +
Self-Leakage —_—
NE Y, ﬁlc '

_| Parasitic
~T Capacitor
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G Impact of Initial Capacity Variation

* The PSI battery may get 5% variation after 50 cycles under high temperature (500).
» Such 5% capacity variation may cause 0.7V voltage variation as fully discharged.

« The impact of initial capacity variation is hard to be covered by total voltage monitor.
For example, cell voltage is 2.0V, 2.7V, 2.7V, and 2.7V, and total voltage is 10.1V.

70.00 r 1 3.60
60.00 | 3.40
50.00 1320
73@ —-— -
40.00 r )
& | —— Body Temperature 1 2.80
30.00 - ¢~ | — Discharging Current
— Max. Voltage One / 2.60
20. B — Min. Vol
0.00 in. Voltage One 1 540
10.00 f 1220
0.00 2.00

Time(min)
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mpact of Self-discharge and Rush Discharge
6P7S Sanyo 18650Y (Almost free from initial capacity variation)

Self-discharge and rush discharge (pulse discharge) will be accumulated in cycle use,
therefore such capacity degradation is the first topic of the balance.

% T X AT SUE

Ah

12.00

11.00

10.00

9.00

8.00

7.00
1 61 121 181 241 301 361 421 481 541 601 o66Y] 721 781 84lycle
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Unfolding Design Criteria

ntelligent Balance
Criterion

maller Tolerance
& Self-
compensation

re-Calibrated A/D
Converter

Precision
Protection

Isolated Serial
Ports—UART,

OVP, LVP

Easier Use
Intelligent
Protection

Easier Connection

ID by DIP Switches

Easier Tracking
Issue Found

Multi-Functional
Indicators

Ongoing &
Historical Status

EEPROM
Recorder
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Design Block

Design Criterion of the VMS for 4S1P Li-iron Battery Pack

J—‘ V_tolerance ”0 Port
! Voltage S Weight MCU
— Detector Last Result o .
7—i> e Discharge Factor
s 7 Calibration 1§ v ‘],) Charge T
etector
MCU ..... ’. ‘
| | Calibrated N N Balance
|| Smart — | T Voltage v Y| Commands
T Balance: [* 4l =rme=—m—= e
Status Indicators
" \i
= Charging? Current
Cell Status »| Balance |-=— N
g Detector
j_ > Mode?

Confidential rssued by Paulus Shu

Because the ascent of voltage vs. capacitor (0.2V<«>80%) is much smaller than other

lithium battery (0.6V<«>70%), simple equalizing criterion is enough for LiFePO, battery.
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G Design Block with Digital Interface

> >
|+ Sub-Pack+
3 K Voltage | Tecrnces!
ag WakelUp
Detector & ~ — Slakellp | o o
::*I'. Calibration ‘ OVP UAL;TFi?_:
E CU — s v_.-..}.“f‘ﬁf:ﬁ".....
H ' —_...L'VP lation Uplink
WakelJ|
- AT uaRT-Tx _ [Device et e
Balnace K |  UART-Rx UTiEra
_______ UART: Rx+
—_ Status indicators oot
i ; ; § ; Downlink
Sub-Pack-
4J_ >

® As considering the added cost timing delay possibility and direct connection,
without multi-paths or star connection, we select the Universal Asynchronous

Receive/Transmit protocol.

®Because all of MCU are embedded this UART port, no further cost for VMS.
What the power system needs to be implemented is a protocol converter, such as
UART->RS232/RS485/RS422, UART->USB, and UART->CAN.
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World Trend--Modular Design

Concept Copy?!

Nanophosphate™ Lithium lon Prismatic Module

j’;ear,

[;-g_ﬁ_* +
iges
Current
Shunt

@fr

DC/DC Converter
(isolated, if necessary)
AD8202 4
. Isolation
¥
’IDC Barrier
|

Battery Module

Bi-directional
Active Module
Balancer

Active Cell §

114 Channel
‘ Balancing

AFE




VMS Application--GBTS

Global Battery Tracking System

Battery Life Remote Monitoring System
Pt On Vehicle Computer Unit====escecccccccccccncncccncncnnncnana S et =Service Center(Server sidg)e=e=e=emcccccnccncncccccncncccncnan, 2
.

P ~Back Up Center
.

N

v

P

[
1

. ar
' s Firewall
L

Ether Net

TCPAP

Administrator

c L Monitoring Center
,OI]'['I"I'I'IJI'I]C‘lt](I'I'l /_((_lit‘,nl \1dc)
Server

DB Server

®The GBTS is able to catch sub-pack | (sot bB)

and cell information, and send those .

SMS Server
(Option)

data through GPRS to the service site. .
®GPRS: General Packet Radio Service,

Base station

e

digital band of GSM.
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GBTS Service

Service Server

Network
TCP/IP

\ . Global Positioning System ..
Network b \ T T "y
TCP/IP .n‘ ‘ll .* LY W] [}
‘\‘ I|I P | & fr I ,;:‘
GSM Cell 5 = i :
Phone Database for each Battery
A
GSM Channel
GPRS Protocal GSM Cell
(Global System for Mobile
communications)
Battery Pack
Based on VMS
) """ T—otsccocesssnc, =2 — Battery Status Indicator
Global Battery = R S mE |
Tracking System H S ||
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& kit g+ —UART->CAN Bus

for Simple Power System

4

J lgp gt v Tloe 4lfhp o The iy 4|
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for Large Power System with Multi-sections

1. Hierarchical Solution: Faster (0.266 Secs), Complicated, Dedicated for special power system, extensible to 255 x 255 VMS

Data
Filtration
o i Sub-Pack 001
Data | o™
Rate = Average
19200b
ps
‘ Data
Filtration
Maximum Sub-Pack 002

Data

Minimum

Rate =| perage
19200b 4
ps

Sub-Pack 012

pata | MCU with CAN | BT
Filtration wi ]
Data Maximum <= +CUrrent Sensor | «s—
| Minimum + Gauge Twisted Pair |  CAR-PC
Rate = Average Data Rate =
19200b 250Kbps
ps
- (117(4+12)[19200+0.005) * 9 = 0.13 secs " (11°(4+6)119200 10*(6+12)/250,000+0.005)
+0.005) * 12 = =0.006 secs
0.13 secs

AllINewEnergy raussn 2



VMS Application-- Diagnostic Program

Simple tool to Monitor battery (not in 3.2V, but 12V)

%, VMS Control =13

Corn Paort ] _J BaudRate ] 200 _J ] OF ohin _]
| Start ID | END ID ] ToR Total Voltage | 51 447 | >
—M - b

4,
Maz. Voltage VIS [D 1]

Mini. Voltage VIS D 2

|3262H3203H3203H3213| ‘268|

‘3228“3198“3193“3223‘

|266‘

NNNN . HEEN.

Yhat1 What2 YWhat3 What4 temp Whatl What2 What3 Whatd temp
| 3262 ‘ ‘ 3.203Y ‘ ‘ 3.208% ‘ ‘ 3.208% |
Current ID | |0 SENDI Vhatl Vhat? Vhat3 Vhatd
e Tl EmUee)| E—m——|
Cyeles Use Connted. OTP Counted VP Conmbed LVE Counted

AllINewERErgy pauussn
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VMS ID Setting area

Voltage display area
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VMS Application-- Cycle Tester

Simple Tool to Quality Check (not in 3.2V, but 12V)

v All New Energy QC

All New Energy QC LaCK

Total WS|4 SN | [E000nsz: L ElaR
BaudRate ]_-:5};.;_‘,.;.‘_. _J ] 0K ohih _] LI 1 I_I 1 MDA E :

Total Voltage Average Voltazge Total Voltage per cent ‘ Charge |
‘ 51.427 | | 3.214 ‘ A . O 53.0B0 ‘ |
 Mas- ]  Mini
Maz. Voltage VME D 1] Mini. Voltage VS ID 2
|3232||3203||3203H3208| |2? | |3228||3198H3193H3218| !26_9! »CeIIVoItages
Whatt What2 Yhata Whatd 1emp What What? YWhata Whatd temp

Error Meszarze
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Parallel processing & Data compression make fast, efficient, and flexible

BB

Rl EnE

Sub-module |

001

Baud Rate =
19200bps

DC 108w

--E-E-E-E-R-R-R

Sub-module

ooz

Baud Rate =
19200bps

DC 108V

b- module

DC 108V

Hierarchical
Module
Data
Filtration

Baud Rate =

19200bps

-
EEEEEERERR

REES RS

b-module |

004

Baud Rate =

DC 108V

19200bps

Su

b-module

00s

e e e = ﬂﬂn+
Baud Rate =

DC 108V

19200bps

Max / Mini
Average
A

1
Hierarchical

-

(11bits/byte*(4bytes+12bytes ) 19200bits/sec+0.005sec) * 27 sets= 0.382 sec

Sub- module Module
Data
DC 108V Filtration
Baud Rate = Max [ Mini
19200bps | Average

AlINewERergy rpauussh
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wiE % (System Integration)-I
LEV and Power Bank Solution

WVMS001 VMS014

Sub-module

\

001 DC 168V
(140~204.4V)

Hierarchical
Sub- module Module
Data

| { e L Filiration
m*"‘n* "m""‘m“m Baud Rate = Max / Mini
19.2-115.2Kb A
VMS015 =
Sub-module T 336V/22Ah
m m —m m m -z
- N —— e - {140~204.4V)
VMS001
Hierarchical
Sub- module M‘B‘;!‘;'e OVP/LVP
. L Fillration
”“""m“_ ’m“m‘“’m Baud Rate = Max / Mini
I 19.2-115.2K )
VMS015 A
Sub-modul >
om DC 168V 1
m“ ot o —— M#mﬁm (140~204.4V) QVE
VMs0o1 S04 ! —
Hierarchical
Sub- module M%g.:'e
! L S L Filiration
m"‘ﬁm* 'H“m“m Baud Rate = Masx / Mini
19.2-115.2Kbp A
VMS015 T
s e e Confidential
1
: — —— — - -— - =
mv—m n m m 0A40~2094%) Issued by Paulus Shu
YMS001 VMS014
it 336V/22Ah
Sub- module M%gtgle OVP/LVP
! e L Filiration
m‘"“m"— 'H"m o m Baud Rate = Max / Mini
19.2~115,2Kbp} N >

VMSOL5

]

l—" Isolated Current-mode UART, to CAN converter

AllNewEnere
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¥uiz ¥ (System Integration)-11

E-Bus / Power Bank Solution, ready before next year

Sub-Pack 001
648V / 120Ah

Contactor

[ ) s

S——
NPIOVPIOTP,

Contactor
Driver
RS232

Sub-Pack 002
648V / 120Ah

E-Bus Solution for

648V/360Ah

Mote: the Baud Rate (19.2Kbps) can be
upgraded to 115.2Kbps, in this case

Contactor

[ s '

Contactor
Driver
RS232

—.
LVPIOVPIOTP,

Sub-Pack 003

Current Command
Driving/Braking
Recycle/Dissipate
Emergency Stop

Max/Min Voltage
Total Voltage
Max/Min Temp.
Current
Capacity
Battery Grade (0~3)
Power Capability

i 648V / 120Ah
ey Contactor
4 A
Contactor
_— Driver
—LVPIOVPIOTP, e
Sub-Pack 001 Sub-Pack 002 Sub-Pack 003 Communication &
Max/Min Voltage Max/Min Voltage | Max/Min Voltage Decision Module
= - Total Voltage Total Voltage Total Voltage
Conﬁdentfa/ Max/Min Temp. Max/Min Temp. | Max/Min Temp. UART to CAN
Tolatad Converter + Current
kel Sensor + Gauge
Issued by Paulus Shu g aug
Ongoing

Sep, 2009 Final Test

-
-

Baud Rate= 250Kbps

Twist Pair

(11bits/byte* (4bytes+12bytes)/19.2kb/sec+0.005sec) * 27 sels

=0.382 sec

(11°(4+6)/19.2k+0.005) * 24 = 0.258 sec

107(22+2)/250k+0.005)"N

=0.006 N sec

Digital
Signals

Dec, 2009 Final Test

AlINewERergy rassn
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Analog
Commands
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