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( SUMMARY )

o The purpose of this project is to focus on further studies and developments for
commercialization of the "Battery—Exchangeable Electric Bus", which was
developed under "a project of developing technology of traffic safety fusion
system of EV" by MOLIT(The Ministry of Land, Infrastructure and Transport).

o We have participated in the "project of developing technology of traffic safety
fusion system of EV" from 2010 to Feb. 2014, developed exchangeable battery

Purpose & packs and now running a pilot project of the electric bus in Pohang.

Contents Goals of the project are to optimize battery's architecture, advance the
BMS(Battery Management System), develop a battery profiling system for the
mass production.

o0 we aimed a practical commercialization by optimizing the production process,
reducing production/maintainence/management costs, stabilizing products,
enhancing the reliability through the previous solutions,

o Development of an optimized battery packs for the mass production

Results Development of a special advanced BMS for battery—exchangeable electric
vehicles

o Development of the data profiling system specialized for batteries

(Practical use of the results)

o0 The exchangeable battery and BMS, developed throughout the project, were
applied to a pilot operation of a battery—exchangeable electric bus in Pohang
and confirmed its excellence.

o We are planning to apply the technology to shuttle buses of public institutions,
special private facilities or for replacing current public bus system intto electric
bus system.

o Considering that BMS and BDLS are semifinished goods, details should be
discussed with customers from the very first state of development since their
functions and objects depend on which to use.

(Expectation of the technology)

o We expect to achieve global competitveness of the battery—exchangeable
electric buses from the increased productivity and activation of related
industries.

o It is possible to cut the costs of electric buses by applying exchangeable

Expected batteries and it allows the companies to escape from the

Contribution

manucaturer—dependent deveopment so that they can try to develop various
types of electric vehicles with different objectives.

o The BDLS monitors and profiles batteries' data for facilitating the repair or the
exchange of modules/cells in emergency, which allows maintenance for the
whole life—cycle from the production to the scrap

o It proposes an alternative for the original EV system with disadvantages of
short mileage, expensive batteries or etc.

(Social, economic benefits)

o Developing and supplying exchangeable battery packs and their BMS can
reduce the price of electric vehicles by an integration of the development
process of core parts in EV or hybrid cars which currently depends on the
model of the vehicle.

o The popularization of electric buses may reduce 67% of its annual running
costs, 50 ton(36%) of emission of greenhouse gases with respect to CNG bus
and may reduce 79% of its annual running costs, 64 ton(42%) of emission of
greenhouse gases with respect to diesel ones.

Keywords

Batter
Exchangeable Electric Y Battery Data
EV Battery Management o
Battery Bus Monitoring
System
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o A7E =3
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D wige 7= H=3 A

7h wigg] A W7
0 & F/MAE Al wiEHg A A& (Z211¢ sto] B e A7|AHE)
0 71& wWigg Ay FI3I Ao]RojAME EF8 Aol 3t F/A AFI =&
HiE 2] Asned M7 28 A" gt gEEen A
Item Specification
. Nominal 20.0 Ah
1:Capactty Minimum 19.5 Ah
. Volumetric 297 Whie
A.Ensrgy Donsity Gravimetric 158 Whikg . Y
3.Weight of bare cell =475¢g
4.Nominal Voltage 3.75V ‘
5.0perating Voltage Range D::sll:tgr:;e ;ig‘vf ENERTECH _
Charge 100 A ‘ SPB1?
6.Standard Current Discharge 100A e _
Charge 100.0 A 253 (w)
7.Maximum Current Discharge 140.0 A
Peak Discharge(10sec)) 200.0 A
8.Initial Internal Resistance <1.5mQ
Charge 0T ~45TC
9.0perating Temperature Discharge 20T ~ 45T
Recommend 25 + 3¢ ]
Range 40T ~60T . =
10.Storage Temperature Recominend 25 £ 30 R 172 (L) i
11.Storage Humidity Max. 85%RH
Thickness(Initial full charge)| 5.8mm | +0.2-0.4
12.Cell Di B Width 253mm +1
R Length(Excluding tab) | 172mm 1
Length{lncluding tab) 192mm +1
[ 2% el A g 2 Ao ]
Mode | IS HA
Type Lithium Polymer Lithium Polymer
Nominal Capacity 21.0Ah 20.0Ah
. Volumetric 312 Wh/L 297 Wh/L
Energy density Gravimetric 164 Wn/Kg 158 Wh/Kg
Nominal Voltage 3.75V 3.75V
Operating Voltage Range 3.0V ~ 4.2V 3.0V ~ 4.2V
Charge 0.5C (10.5A) 0.5C (10A)
Standard Discharge 0.5 (10.5A) 0.5C (10A)
Max. Charge Current 2.0C (42A) 5.0C (100A)
Max. Discharge Cont inuous 3.0C(63A) 5.0C(100A)
Current Pulse @ < 10sec 5.0C(105A) 7.0C(140A)
Thickness 5.840.1/-0.4mm 5.840.2/-0.4mm
Cell size Width 253 £1.0mm 253 £1.0mm
Length 172 +1.0mm 172 +1.0mm
AC Impedance Max. 2.0mQ Max. 1.5mQ

-
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71= VS 7hA e E] A ARF Bla ]
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o 71& HEE EEL 21AhA ME BE TR AT FH olE O Il HEE T
sty & 36719 AL e BE FRE oE

0 71& ¥iEg RES ¢ 28kWhE o2, 3 Aty AFE= 2zt 33.75V, 84Ah

[ 29, 7€ vi"HE] 28 84 ]

= LHE Bl
Nominal Voltage 33.75 V A 3.75V JIE (99)
Operating Voltage Range 27.0 ~ 37.8 V & o (3.0V ~ 4.2V)
Nominal Capacity 84Anh A o 21Ah (4P)
Rated Energy 2.835klWh / 2.268kWh 00D 100% / 80%
Cell Type SPB58253172V2 21Ah
Cell Configuration 954pP
Total Cell Quantity 36
Charge Voltage 37.35 £ 0.2V 4.15V D&
Max. Continuous 168A MAX. 2C
Standard 84A
Charge Current
Recommend
] 42A Recommend(0.5C)
(for Long Life Cycle)
Discharge Max. Continuous 252A 3C
Current Pulse Peak 420A(@10secOl LK) 5C
Dimension 322(L)*211(W)*314(H)

[ & 7]& WiEg 28 A ]
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w7 A82 wE ZE0ub Pack)2 oUA &7 3.6kWh=H, T2 90Vel
F& 40AhE 73 H

0 A7 ¥ 20Ah A 27|7F HEE FAE 97t F 1279 AEE A4 viEE BE
S olFx viElg EE 2707} st Sub Packes FAStE FxolH, MR Fx A

o =
= T
< ot 19 2

[ 29.
= LH= =] ]
Nominal Voltage 90 VvV A g 3.75V JIE (24S)
Operating Voltage Range 72.0 ~ 100.8 V A (3.0V ~ 4.2V)
Nominal Capacity 40Ah & o 20Ah (2P)
Rated Energy 3.6kWh / 2.88kWh DOD 100% / 80%
Cell Type SPB58253172P2 20Ah
Cell Configuration 12S52P*2S
Total Cell Quantity 48
Charge Voltage 99.6+ 0.2V 4.15V J|&
Max. Continuous 80A MAX. 2C
Standard 40A
Charge Current
Recommend
) 20A Recommend(0.5C)
(for Long Life Cycle)
Discharge Max. Continuous 200A 5C
Current Pulse Peak 280A(@10secOl LK) 7C
Dimension 433(L)x187(W)x295(H)

[ . 7§41 Sub Pack AFF ]

_30_




) mEE] =@ A" 74 8

o 7|E " A2 F 18749 REc] HEE FAH A o FAs= wkd, Al

HiE g He ZF 14709 REo] 270 E U¥o Z47 TREH HEE AT %4
OFE0] HERE dddo dA Alz=dle A

0 /1 WEE o) A% 18 BE F sie mEC BAZ AT A AA A9

ol
Fpo] st o, AT wEelel A9 20§ F shtel 1Fl A Brlshdas
WA gl B4 bed Aol A

=== Module Cable === [Main Power Cable +
Connector plate === Main Power Cable -

[ 29 712 W 3 A=" 74 ]

[ 8. 70 siEel 3 A= 74 ]
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o 7|<& HiElg] 2 21AhAl T 6487H, Al wHElE] o] A 6722 FAEEM WA
ol mE el A, 2a, I A" Fa AFE otget 2
ARE
= &= IE MN& ol
A == 21Ah 20Ah
SHEY He 3.0V ~ 4.2v 3.0V ~ 4.2v
O BN M= 105A (5C) 140A (7C)
AHOI = 192(L)*172(W)*253(H) 192(L)*172(W)*253(H) Including tab
SM2E 0~ 55C 0 ~55C
HE2E -20 ~ 55C -20 ~ 55C
2= raichy 33.75V oV Sub Pack
ZI0 SN dT 240A (3C) 400A (5C) o= g
AOIE 322(L)*211(W)*314(H) 433(L)x187(W)x295(H)
28 24 9S4pP * 18H 24S2P * 144
B A XE () 162S 4P (648) 168S 4P (672)
INES MY 607V 630V
&l ANEE Y 510V ~ 664V 530V ~ 689V
EHNF 160A (2C, A=) 160A (2C, A=)
ZO 8N M= 400A (5C, =) 400A (5C, =) A 360A Hist
AOIE 1902(L)*1110(W)*477(H) 1902(L)*1110(W) %477 (H)
BMS IMaster 18Slave IMaster 24Slave
£ 670kg Ol & 670kg Ol ot
[ 1= wieeg] 3 A28 AN Hla ]
0 71E WY A3} A gL FAF FEL AAHE AL o] BEL ¥l
NzEg 29 PER TS 19 gelo] FRekA YrigtE v 190 38

=5 g
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LH«HJ U

L

[2H 2018 ] [ANE20T8]

- AEA (aopE

ool JHEAl Al 2% 39.9C7HA SHE

-71E 9 dEARAAE MY LS 2571 46.6C S F 0] 6Tl WAAT N
il @J’]—E‘ 2

® 2016-05-07_18-13-16

(BE AR)

1000 sec 2000 sec

max__ [min Idiﬁ max  |min  |diff max  |min  |diff
397 368 29 434 395 39 466] 422 44

® 2016-05-08_09-59-21_EBUS_V15_AIRCON_TEST SIMULATION_B1_Step_CH_A 4
(Chamber Aircon 7}5)

1000 sec

max  |min diff
308 269 39
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o HiElE] & FAlojx F& JHAll 14 A3 W7dol A7 =

22 e JE oA 2ot
Clamp | 21 =H 3
7,840N P XIOHXl 221 1 2.738 x 10°7 N/m
(ot & =22 5515 x 10°7 N/
=) g | PEIAOHEAS 1.4
o | PEITH B9 1.285 x 101
1=
2=
1,960N X = 6.846 x 1076 N/
(3t = : 5.515 x 10°7 N/m'
o)
Con = ZH eSS
7,840N » IRl 22 : 8.313 x 10%6 N/
2} = of A =22 6.204 x 1078 N/
P X AOHM AL © 75
0 S 6.906 x 10°-4mm
Con =) ZH i3S
Block | 7,840N b IICHXl 221 1 5.646 x 10°7 N/
2ol A =S 5515 x 107 N/m
P X AOHMAS 1 0.97
b0 2 1.380mm
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= JIEQ HUEHO FR MEAIYOZ ©IPIh vl
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| Xl ot
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. U= BMSLE MasterOfl &It JHOI=S HZot0 ME Jis

£ AHOAE SOHUA WR0 U
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Master BMS

Safety Plug
e 24

= SO JHH = HiEcl MEAl SEAILIE HHIotK Safety Plug <X
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2) miE g A" 1535 Y
7h e #A2" 153
o 71¥ BMSY| A%< 1=3} st wiElE] 9 WAl AFA, A4, AFA, "y T
o] Zstd AF ML AYPFozH Ry kAFHT Y e AF &P A
a;% R R E
Monitoring IC (115 Shutdown 32 052 1E Shutdown 812 53 (O A Batiry 28 B5 A1 715
RIC RcE20%Es A3z 58 I0CV Time Check 7/5
SORAM  [SDRAM 212 0152 SORAN 12 48 Data K5 52715
Communication (5232 & CAN 32 B2 Ro485 9 CAN 92 B2 INoisell 27 54! 5
Temperature  |Master Point 82 52 Master 2Point & Slave SPoint 812 52 0] A 25
Pack Voltage  [Pack Volage 1Ch Sensig 9% 43 Pack Voltage 3Ch Sensing 2% 42 Sub Pack 719 Blancing 715
Pack Cument 1251 ADC 812 K8 165 ADC 32 58 AR
lsolation Resistor  [slaton Resitor 0152 slaton Resstor 42 AL
Relay Feed Back  [Rely Feed Back 0152 Relay Feed Back 85 IMain Relay 3% Cehek 7/
Power Check  [Power Check II%2 Power Check &2 Power | Data 1% 715
[ 29, wiEle] &2l A2 Bla ]
0 Monitoring IC - Battery A& A8 3} BMS Off Alo|= 34 Battery AY& ALE-
322 2% Shutdown ili 74
o RTC - viglg] ¥ F/4H F5 & OCV Time Checks ¢+ 3= +3
0 SDRAM - DATA A7 ®3#s}7] 93te] 4Mbit SDRAM 3= 3
o Communication - #7]2 Noiseol] 733+ RS485E o] &3t FAlAlo] 3= T4
o Temperature - ¥Wlg]g] &% @ BMS HW ¥ 255 =A317] 98] 2571 4<std
Agghol A&EH o T FAasE NTC AAS Agstn A4 £5 59
o Pack Voltage - 48 &9 Hgs Z57] 98 ¥E I A 53 IJ= 3
o Pack Current - WiElg] ¥ ZFd AFHS] SAHS s A-dF #2311/ 73
FHOE o] FEE Y z‘s}%{ ™, 16Bit ADCE Z &3t A= F4
o Isolation Resistor - AAE A FHAFE SAHY & UA=EF IJ= 74

o

=

Relay Feed Back - Relay 52t U E
Power Check - #iE|g] 9 OFFAl LA A
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o BMS +4

- BMS+= Slave / Master BMS= 74 (°]3} Slave, Master)
- Slave: A A<}, = ZUE ), Mastero] DATA #%

- Master : 3 A<}, AF{, 2= =4, L o], FAN Ao, EVCU, Quick Chargersle] &

[ 719, SLAVE (%) MASTER (9 ]

ek &4 W9l 0~5V £5mV

=4 9 =30 ~ 100C

2
|\
ol
oL
o
o
14
\]
ol
o
=
-+
ol
<

- 52 A} We 24 +3V
- &4 2% W9 -20 ~ 60C
- SOC : + 5% o]y

o BMS &4l

EZ : CAN2.0B Extended Data
&% 250kbps

- dlolg €441 F7] : Min 200ms

<
- WAR Z# < : CAN Z2EZ FHx
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o BMS Protection

- WiE et g FEE At AA GES FdsiH, 24 A9 s o] igE
=90, Relay Off Requeste] &4 g3 S

Protection Level Warn1 Warn2
Action C-Rate Limit XSt C-Rate Limt 24 (0.1C per sec)
Acron Relea | Delay Relea | Delay
Detect Action | Detect Action
ym se (Sec) se (Sec)
ocv 4.15 4.1 6 4.18 6 0oC
Cell e
Voltage(CV)[Unit:V] 10 =
ucv 3.4 3.45 6 3.18 6 =
A et
OPV | 697.2 | 688.8 6 702.24 6 0oC
Pack 0C
Voltage(PV)[Unit:V] 10 &=
UPV | 571.2 | 579.6 6 534.24 6 = —;}
o
Pack OPC 160 158 0.5 180 5 0C
Current(PC)[Unit:A]
B UPC | 400 | 390 | 05 410 05 | oc
Cell OCT 53 48 10 0.5C 59 10 0oC
Temperature(CT)[Uni
t:C
0/ 51/ NA I 511
{OnCharger//OnEBus} UCT 7 12 10 05C 9 10 ocC
State uso _ _
OfCharge(SOC)[Unit%] | C 15 16 6 1c
Can 2
ErrorwithSlave-BMS(C OgE (ReqM 2 5 - -
ES)[Unit:] sg)
0C
Ground _ _ _ 10 =
Fault(GF)[Unit:MQ] JiiE ! 1 ‘i*

[ . BMS Protection ]
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) SOC/SOH 4F= Logic
0 2% Agx Y 7T T4
- Hstol] M2 e g Ao 54 BMSolA RSt ®oh gk SOCE EA

ZRIEE

o o b

rr b

rfo
k

Wshol WE WE e 90% ol F7

Temp detect
HiE{2| Al Current detect
Voltage detect
I Charging
:-':;(17
= - :
87l Monitoring
0o 7% MA A3 vl
71E B S A M B FH A
s =
I A8
\xh%
F i v—- , ___,__r—-—'—‘_P'“
E N e
S i
Lo L , H? 4 . ==
= BMS ¥ <17} 3 100A9] AFE ZF _ )
© R A ATE T Bys ae 9sh ¥ 100A0 AR %
A A2 _
A Az
= 9F SOC 69%NA A At =942 F4 _
N ool HENE TR o soc s 24 wae
o] T3,




0 SOC / SOH A4F A= 7|4
- SOC A4+ Logic

ABS(Current) = 0A or Yes
Relay = Off
ND ﬂ
Yes
Hr soco] siEol= ST A4 <
‘L ocv &3
Current =73 W
¢ SOCH4 by OCV Lookup Table
HEBY (3T += Current)
# SEHAL) @ AT E=THe( = B
SOCZI4t by HENA
|—) .
SOCE™ by SOH
( soc AM 34 E= )
- SOH A4+ Logic
C sonasmsam ) % FCC : Full Charge Capacity

v

Current =3

|

%X current += ABS(HX| Current)

Yes
£+ Current > (FCC * 2)

N

Cycle Count 37

!

%H Current = 0

SOH =3 < |
(Life Cycle Graph) [

¥
( SOH HA B4 B2 )
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th Cell Balancing Logic 7§41
- Cell balancing 7‘*%

Passive

Cell 23456 234 56 123456 23456

Passive CBHE C = 44 Celld] £2 £E25 HTUS M LA E B2 20 A HH S5

OFZ=HH O 2 Passive /B2 0| 3 B2HEX] 9foM Passive C/B2| 7V Best Case &
C/BCase2 - -

Cell 2345 EEIL b 123456 23456

Passive cxa%*a.u J+ orst CaseZ & 5+t Cell (4H) Th2 0| LIHE| HH Celle] LTS €2
=M HM HHE %E s 0|2 S B 20| Active /B 7|22 Zgi &2t

< 19, Passive Cell Balancing #d >

- Cell balancing Logic
ST

Temp HRE
Yes
State is not RestartTemp Cell Balancing T{A|Z} 2%
Fault(Protection)
StopTemp Cell Balancing 57| 25
Threshold Cell Balancing A| & 2| 2R
Yes
Temp < RestartTemp Hysteresis Cell Balancing ZA|H Y 2| 22
Yes
Temp < StopTemp
Y
Start HY = Maxvalue(65535) Start HY = ¥ 4 FY + Threshold
Stop HY = MaxValue(65535) Stop HY = StartTY - Hysteresis

A 4

cell Balancing BjAIX] HE

OF cell o] =AH82E ¥

( Cell Balancing 5 S8 ) \

Mo Yes

¥i
@b—“ Cell HYt > stop Hg

MNo No

Cell Balancing 538 Cell Balancing 57|

|
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2} Firmware Update
o Hlo] AHlolE Vs &
- BMSe] Z2038 Y407 H
= 387] 913 71 4
- "] Ea&/Ee] §lo] PC TooltH&
- W ol A8 JTAG AHE A3} ]
o]~% BMS ZZ 1S WHASI= A

A

&
Lol
b

0]

0 Helol dHCIE s 74

73] BMSe 7%

B 2 JjAlo] o] Fo]F
gate] BMS =219 WASE A
PC Tool9H& Alg3le] Algld B4l
=]

IDE UsSB

(Atmel Studio) |

F/w

File Read

7| & F/W Update 24|

ITAG Interface

ntel-HEX Format)

File Read RS485-USE N
il Converter :
.&ppilcatlcn Pl
(Teraterm) usB
MEZ2 F/W Update HhAl
o HlolH kPSS A% FeA WEY A FdH9] olF3 7= A
Flash v Map
SE080 DDOOR N User Fage J]— s128
@ 8008 0000h
Applif.nian_user Dats | 30KB
8007 8800h —
Application Storeds2 |__150xE

28005 3000h

Application Stored=1

@8002 DAX0hH

15068
o

Application Run Region

EpB000 S000h

150KB
-

@B000 0000h

32KB

|
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Hvph 71 BMS 2= EMC HZE 43

o A/l /I 3 BMS BHES] H7F AesS BAsty] A8 oF-&H7d(A-sAFF
ATDel Y=t EMC HZEE 43

o Alg4d3y EMC HI2-E B3

Al B 2 D

- AlEESE ) - B | )ﬂ@%ﬂh_ AHE%EU&D)___
RADIATED IMMUNITY (RI) 7 Absorber Chamber 7S B8R 418 Fx
RADIATED IMMUNITY (RIl) — BCI o o 3 RS ] 4.28 B
RADIATED !MMUN_ITY (RI) ? GSM | —-RE ol _ 4838 &X

RADIATED IMMUN;'Y (RI) 2 OBT I 3 2 4.48 &= -
RADIATE[;M;SEN_(F;E)_ S i 3 2s _ | 4.58 &L
CONDUCTED EMISSI-ON(CE) ON PO_WER LENES_ R —7_1‘3.‘:‘._’-15. 4.68 HEXE
CONDUCTED;AJ;SION{CE] ON SEG_NAL LINES T—:a pr= 4.?%.* &E
CONDUCTED IMMUNI-TY (Cl) ON POWER LINES N _—_[ w3 R 488 &=

CONDUC;I'ED IMMUNTFY (Cl) ON SIGNAL LINES : ] —3H ks ;.QQ g _

VOLTAGE TRANSIENT EMISSION (VTE) - - I _ ;3 or= -. . 4.108 & E N

ELECTF{OS;ATIC DISCHARGE (ESD) ) 3 B 4118 %.‘EE_. )

B ey = == -

o NEARA g HZE AT

KATECH A|Bl- A AR A

SEpEdaY

AEE T

ImEs Hus

PAALAATEDE IMMLINITY (14} % Atipororr Gn

7
3

CELLE CT TS S E Y TR e
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D wielg] AR 43 Al ~=l(Battery Data Logging System : BDLS) 7§t

7h wiEE AR $3 Az A 53

o HiE g BE 3 Alz®le A7) Asae] w3 i wEE ARS tlolH e
sl wElE ] #A, B, e, 282 Adste Al
o HiE Y AE 3 AMz'le ZE3t ARRIE olF T MIIW2rt M= A=
x4

<
=
Shibd 3 dAske FAES vE ) APE 95T 5 S o= 7|uH

o E-BUSE ®iglg] & W7 A9 ol +3& #3F FA7IN viE gl woly AAAA]
= Alzbeta x4 233 2 T OE Wi AEY HARE AAAAHE AAZT
o A% el A @9l A/H, Bl 54 Aste] B3t dolE #eE FoA
HiEl g ¥ +9 A%, A7aE &3 4% HESE dRE F JdEeE VENds =
x= '%L

o HiElE] AA Hloly & A% BEE 7] A= HolHE FHY F Ue
HiEf ] o, %{é—jﬁ]ﬂ A AA FAo] e o] RES FHAslsta 7|EY
Wi g et T4 dulE Z83t7] A HHoE FAHASANA HARE TG F
A= A9 'erﬁ” o] 874

o HiElE] ¥ YH3I=Z A% F CMU(Cell Monitoring Uni)E2] AR HE 2 FHH1E 7]

Az, v g dlolE e AWE AAet] HFHoE %

2
e 2 s 4
2k

= X
=g AHAA FHHoE H7|AFF g H(A) dHolH ARBEE HHOE T

=3 (7D Q
|

BDR 22| M
ST SOAP
b A L
Wireless Com. > — —
(HfE{2] 4) SMEE TCPIP [ ¢ —

cmu
- g g
cmu BDR — A e LMS e——
(eEf2] 4) (8 ol T o
HEFA]) BDR 2| M| 27 fjolg]
- HYE{2| Cell IDE Hu
(qg:;:]g) « H{E{2| Cell A}j"::
i » HiE{2| Cell LR X TY
2 (29) - HiE{2] Cell 25

- EVCU
=  BTm

Smart e-BUS

<Oy wiEY AR 3 A" AR D
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W e AR g ZA st=dof A
0 & FAlA 7idE BDLS Al=®l2 wiE ] #He] CMUS CAN FAls o3t flo] dlo]
HE 3 CMUS ol #AIGe] vlolHE w8 A% 7test=s 27 HAeH 3

I A Z2HAE BYSY 22 A5S A & F A= 22 AAE

0 2 Port CANS |8t A AR} AgFoz FHAEHE= vl P HolH ARE &
Al Rt AZE & e FERE HAAE

0 742 =A MAIN Processer (RK3188T) &=, CAN Processer(XC2238N) &%, 9] & <l
ElHo]2 E53 o] Il EF0= b}—rJ%‘j‘
- MAIN Processer (RK3188T) £ : dlojg <& AA L Ay AL @9
- CAN Processer(XC2238N) &2 : CAN E21 2 dolg] g 9%
- 9JF QIFH o2~ EF : UART F4 2 o7 AS(WIFD Qg o]~ g3

0 MAIN Processer (RK3188T)+= CAN Processer(XC2238N)<¢} UARTRIE H o] A2 HAZAH
gJom CAN Processerol /] CANEA mUE#HOoE F£3H HRE AA7e=Z CAN DD
2 CAN DATA AR E #A%E3H MAIN Processer (RK3188T)= &) & 1%% o ==

A7+ AR, CAN ID, CAN DATAS
A ARE Ao #2453

cAHor ydo ARstH WESZ HE Al

E0R CMU 1
{Balisly Sata Hecaiuer) o CAN J C+  (Cell Monitor Unit)
(TLEGZS0GVES)
= MCU
8bit RISC
FLASH EEPHCM
Wi-Fl - e 125l
use/ : - | Voltage
FLASH | mu-can
walil ) Temp. (2ch)
UARTE spHG/eMMC
Exynos4412
Cortex—A9
PGB LP-DDAZ -
CMU N
< a9 diHE] 8 AR A" EF golo|ady >
0 BDLS A"l =& HjE g o] CAN TAAESE ZUHA st 3 st AAZE
ARE TAA% 3}04 HE g ARFH UEJI(WIFID HE Al Ao &8l
349 elolelg A3 ¥
0o BDLS A]2®l2 CAN % g 33t ZZ A A(infineon XC2238N)& HE=Z Fo] Hj

gzl 4 HolH —’F’Sol
A, EYA %/‘_J&Fﬂ,

23 $3 = Main Z2A A RK3188T)ol A+

=
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o HiElg]#e] Maseter CAN( =& # F4l ) 3 Slave CAN( vig|g] 4 S4D&
AE= CAN 2port(Multi CAN)Z A A = &

USB TYPES.Z 9% WA & &4l

FH 5

0 Aot

=N

s2le] #13 WIFl=

T UEE AAEHAS
Ab 2 1IXEE 72 2AEE A
CPU Samsung EXYNOS4412 Rockchip RK3188T
Cortex—A9 Quad Core 1.7GHz Cortex—A9 Quad Core 1.6GHz
Memory | 2GB LP-DDR2 880MHz Data rate 1GB DDR3 800MHz Data rate
Memory Full Size SDHC Card Slot / NAND Memory 8GByte /
Storage eMMC Module Socket( Micro SD/SDHC 1 Slot(Max.
8GByte/16GByte) 32GByte)
MCU Infineon XC2238N Infineon XC2238N
CAN ) .
CAN CAN 2 Port (Multi Can) CAN 2 Port (Multi Can)
Processer
Serial UART 2 Port UART 2 Port
Ethernet SMC 9220 10/100Mbps RTL8201F
, 3 Ports : UART(TTL), 1port
Serial 1 Ports : 1port Debug
Debug
4 port: USB Host 1.1 Full 4 port: USB Host 2.0 Full
USB Host
Speed(12Mbps) Speed(480Mbps)
usB OTG & 1 port: USB Ver.2.0 High 1 port: USB Ver.2.0 High
Device Speed(480Mbps) Speed(480Mbps)
S q MAX98090 headphone/Mic, ALC5631Q headphone/Mic,
oun
SpeakerPort(Stereo) SpeakerPort(Stereo)

HOMI interface

1 Port (micro hdmi)

40 pin external, user

LCD Interface ) 30 pin external, user configurable
configurable
GPIO Port GPIO 14~20 Pin GPIO 14~20 Pin
Board Dimension 171 x 111 mm 171 x 127 mm
Operating Condition -40 ~ 85 TC -40 ~ 85 TC
Power 24V/1A 24V/1A

<3 1> BDLS ®& W& ALY
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g2l A Holy 3 Z2a9 A7

- HlolE AR dagEFS AA
- Hloly &f B A 7= A
- T4l 2 To &5 4% Al HolE A% s 2A

o WiE g AKX =g A2 HZE A

- A dolH 35 9% H2E A A4

- wE Y dHold £He 93 Z2A2 D Holy Ay T2 24

- dlolg &<l 2 HAF5E dloly A AlxE AA
o HolE FHE H2E AW A

- WEEY A5 dHold £y 2% A7

- dlolE o]~ A% AA

- HEYI Fx AA

- dlole A% daeglE AA

o A dlolEH o] 2x(DB) H dare
dlolE o] FRol| WE He <l
T2 "olgHol2 HA
dlole A daugs A
P tlolEldo] =0 whE HAS 93k F2](Query) 2 A
o tlole #e &9 T2 AA

- HolEulo] 2~ HE T AA

-3l Fx 9 23 A4

- dlolg HA =1 A
o ZYEIFE Ul A4

- HEYI Fx AA

- dlolgulol 2= HT T2 AA

-85 T2 9 EE 44

i )
Iz
il
2,

4 ot
ol o
)
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(D ey AR ¢35 A2 22709 24
o /N &4
- Infineon XC2238 %73
- Infineon XC2238 : ®iEle] BE +HE& 9% CAN 54l 3 vwlola= ZE2AA
- DAVE : Infineon XC2238 W #*| Configuration X = 713

- Tasking : Infineon XC2238 firmware &% 71'% 274(DE : Integrated Development
Environment)

L C Z2aw
- Embedded linux %7
- Samsung EXYNOS 4412 ARM Z=2A|A : 271 A% D A9 YEYI 548§ nfoj=
ZIXZAA
- Linux system programming #73 : gcc 4.6.3
-C 221"
- dlolE 38 H2ZE Ad A gA
- Window Visual Studio 2008
- Ch ZE84

S
R=)
o
i)
ol
a?
+r
N
o
N
"
r>~
=

HESL T AA

Infinecn Samsung Sz-i'ir
KC2200 Exynos

Main

Processor

- CAN Host
- E o] #EFE o7 CAN HlolH B4 A=
- BMS ©lolElE =33 F 2 CAN HolHE F3
- CAN Local
- e o] #Eg yF CAN HlolH B4 A=
e g o] HA CAN dlolg 3
- CAN Processor
- CAN 4l dlolg g Z=A A

e

By AoE ByEdE o8 e CAN B2l ==Node)E 7FAa o] CAN Local¥
CAN Host9] HlolEHE 4R35t A9 Main ZZAMAZE HolEHE AEste 9
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- Main Processor
- Linux OS7} &A1E ARM Z=ZA|A
- CAN Z2 M A ZHE CAN HolHE +F
- TCP/IP M ES AE o] &3t AW=E F33 toly AL
o CAN Processor 27
- AA 29
- BMSe} 1 ¢] 9] 7 CAN dlo]g 4l
- Local(Slave) CAN ©lo]E] =4l
- Host CAN dle]8 UART &4l A%
- Local CAN dHlo]¥ UART &4 AF
- CAN ID filter o35 32#( * Data 54! <ol weh ID BHE 1)
- CAN dlo]E|7} 415 Interrupt7} LAY

- Interrupt routineell A ID, DATA, DLC &<l & UART H4lS o] &3] 49 Main ==&
AAZ HolE dF

- CAN 341 374 A4 (Host CAN)

- CAN : CAN 2.0 B

- Data rate : 250Kbps

- Message 7] : 35ms F7|Z 47§ WA Z|(DLC 8byte)
- CAN 54l 274 44 (Slave CAN)

- CAN : CAN 2.0 A

- Data rate : 250Kbps

- Message =71 : 35ms 712 177] WA X|(DLC 8byte)
- UART 54l €73 d7(Host CAN)

- Full duplex

- Baud rate : 500 Kbps

- Parity : No parity

- Stop bit : one stop bit
- UART &4l &4 2*(Slave CAN)

- Full duplex

- Baud rate : 500 Kbps

- Parity : No parity

- Stop bit : one stop bit
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Processor 237

= Thread Create

Drevice Initialize

Signal exception procogsing

BT W

Thread
==

LRART == rln)
CARN clata Frarmes 801
Azt g gl

HBulfer Pool 1158

LLART =2 i)

CAM data Tradme &S
AlZh W oiel

Bauiler Pooal DjE]

Lo U 42
Bulfoer Pool BT

Limgp &4

TOP ST Mebwork 43875
Afig Th oy

2408 RS} Log Bp
o

el |
(X 1 Af%)

o
i

Main

=> Buffering Pool

=> TCP/IP network
T2 feas el 2=

=
Ja
H

ol

=

=
=

. Local CAN data =

Al
—

: Host CAN data =4l

N 28
=

EAl O

SsSC EZ

UART S4l 1
(Local)

> Baud rate :

500Kbps
> Parity : no parity
> stop bit : 1 stop
aAl2Zteg CAN OIoIH =4l

- =4l GIoEN AlZE 32 &8

— CAN buffering Queuedl CAN GIOIEH &l

CAN ZZNAZ2H Local CAN CIOIEHE #=4l6H)| ®?Igt 2=
- UART =J|3t

UART S4l 2
(Host)

- CAN Z2ZNAZFH Host CAN GIOIE

- UART =J|3t

> Baud rate :

=> Parity : no parity
=> stop bit : 1 stop
aAl2Zteg CAN OIoIH =4l

500Kbps

- =4l GIoIEN AlZE 32 &8

S sUloh| ?let 2=

=

CAN buffering Queue0ll CAN GIOIE &+

Buffer Pool2

HIH Pool M4
LHE Log MES

7
o

st mg o

0x
e
d

- UART E¢4 E2SZE2H 22 CAN HIOIEHS &4As =0/ &t
Buffer Pool1 HIi Pool A4

- e Log M&S <s I M4 & HE

- UART SE4 22EZ2H B2 CAN dI0IEeS &4 =0/ fst

TCP/IP network

ME EX0 & OOIEHE AHZ

TCP/IP network

HESD B2

2 olel oE Xl

< ® 7

2 2 AT UE D
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Q) wig e AE 4

0 F8 AA Q¢oF

Window Network Programming

TCP | IP

Log ¢
Log 34

log data

HEHNZ AH

5=
235 74
%= 34

A IP /| port
AW AF B E

START
STOP

STOP

A £8 WE
REQUEST

Hole $4 54 93

dolg &4l

A HZ2E Mn A2A

- Connect Q14!

(M FF 7))

r s

Data & HE

Data A=
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) =
™ 015-4-15/133519:840 1D: 14160 mmne 20010 0L - P RIEINE
VR e e e ' SHAT
M Tirme 20154 ; m:ummwm 60101851188 DLL & PORT 5001
M Time 20154 4 [0: 14180713 DATA-DRAE0IBC IFA0 DLC S
M Time:201 ; ruomammmﬁuasaou E
M Time:2015-4 g oLCE REQUEST |
M Tima:2015-4 a- O0DB40CCF 4FT000 DLC:8 8
M Ime iy A% ) S0P

irne ., H
M Time 20154 A%1 € DLE:S
M Time: 20154 OLCE
e AR s
irmve 2005 L
irme 0154 42 10: 14180709 DATANE IFOE 1FIE IFO011 DLC:8
M Tirne 20154 i ] uatwnnn 0601 ARZO0010000 DLC:8
M Tirma:2015-4 010:14180711 DATA:183COSE010881 188 DLC S
M Time :2015-4 110: 14180713 DATA-NCR0TNIEC IF40 DLCH
M Tirme 201 713 [D:1 4180714 DATA: |GBGER DLC:6
M Tirme:2015-4 214 [0: 14180715 DATA I ]
irme 20154 8 I0: 14180720 DAT A-O000B4D0CF 4F 0000 DLC
M Tirme 20154 71014180712 DATA:163C 00000000000 DLE 8
M ime:%:?: % ;::g%‘?g; ﬁ-ummm1 o :g
irme - 14 = o
M Time 2015-¢ 20798 0 14180703 DA a:mg{_:a
!me-i‘ag:&-l :230 J}:E%{?ﬁl El: ;;"9:5{‘6- ?W?WDDL aﬂ
ime: g3l I Y f
M im::ml‘ 4 2% ID: 14160706 ga a:mnt 8
M Tirme: 20154 0: 14180714 DATA: 1 TAS] TID00CI000 DLE
irme 0154 DiIGOIIE DATAIBIF IS1SIE0) ]
M Tieme 20154 14180715 DATA-E 24000014 ]
i fo it AT
e U * ¥
M Time 20134 0180719 DAT & D00 G013 DL 8
imea: 201541 0:1418070¢ DATA-S3S0M0424C 313030 DLC A
M Time:2015-4-} 0: 14180707 DATADE |FOE 1FLE 1F 00 |
Client Server
HE M=
* - Client Accept

- Log T 44

Client Accept



(4 dlolg 38 H2E A 24
o M g7
- Apache Apollo Mqtt Server
CHEY A AAS 93 Apach apollo Mqtt Broker
- Windows Visual Studio 2012
- WPF(Windows Presentation Foundation) =2 1]
- C# Language
- Windows %73
- Windows 8.1
- NET 4.5 Framework

0 AW X X%

Data Manager <., L® DB Helper
~: 4 0B server Controller [V A
h J h J
BDR i SEXCELLALCLLELT, Network Helper DataBase

a7 123, viE Y AR FH8 AW 72 5%

- DB Server Controller
- AW FEAE A7)
- Network Helper, Data Manager, DB Helper, DatabaseS A ]

- Data Managerg 713 7F&= il 445 HolE52 DB Server Controllerell ©]3f DB
Helper2 A g% 11 Databaseol] %2o|A

- Network Helper
-UES A dol" AHAA
CHEYAE Bl A4H Ho]EES Network HelperE %3] #5013
- BDLS ©2&A o vF H4% A8 g
- Data Manager
- HolH e AA

- Network Helper& 3l dg® do]e &< Data Managerel] ol&l] z+zhe] dlolE W
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ol A%

- #(Queue) T-%°] Data HHE 7} 1 dlolEE AT

- DB Helper

- HolE & dlolgu]o] 2ol AAst7] 97 A

- Data Manageroll 944 A= &= HolEHE EUEHAE

- F714 22 Data Managere] Foll Al AAE dolEE do]elu|o] 2ol %3}
- Database

- FRE ARE AAskE AA

- SQLite DB Al-&

- dlolE X8 E @dst= transaction %7} 2 DBREU wWE g
o DB Server Controller A 7|

- AE El]l Ao)7]

o Data Manager A

- dlolg A% 2 Ay

- Network Helper2 2] v+ dolg A%+

- Thread #+%=& A7

- 9ut3le F(Queue) poolS o]&3ta] HlolEHE A

- ol €A dlolE{7} %olH DBoll AHLES o|HIE A
o Network Helper 74|

- doly A% 2 &

- Network ¥2]

- TCP/IP Socket & Mgqtt Protocol

- Event Driven W] o2 dolg 44 2 g

- NetworkE %3] 4419 Ho]El&= Data Managero] AAE F(Queue)dl A<
- S A} o] fAHE WAA ZREF )4
o DB Helper 274

- DB} |44

- DB HlolE A4 [ AHA

- DataManager 2 %-¢] 1+ Event ¥g]

- DB A <ag ol o dloly A% [ AHA

- DB A< dagFol ©E dloje A
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o DB A7
- SQLite DB

- ElolE 4o gol

- ©= access 7}

o MEYH Z2EF

- Packet Frame

st=% DB Hlo|& 27

| ¥ = SIS S
B (Byte)
1 MSG ID Packet frame2] A2} 9
(opcode)  |Pcaket Operation Code
2 Parameter |z} MSG ID o W3t a3 z}etn] g n
- MSG ID(Opcode)
. server
Sinlil g 5 Bl & &k vl
1 START e A2 BHE 0x0001 parameter {1-&
2 STOP AE TA HHE 0x0002 parameter {12
3 RESTART A A% HE, parameter 22 |0x0003 parameter(time)
4 ACK Acknowledge 0x0004 parameter |l
. client
| ¥ = SR % a3
1 DATA BDLS ©2-%] A% wlolg AF 0x0001
2 ACK Acknowledge 0x0004
gz | O He "
5,
| BYTE)
MSGID 2 message identification 0x0001
BDLS ID 2 BDLS @& &x] ID OXxXXXX
Time 23 dolgl 7} A4E Az text type
CanlD 4 CAN Identification OxXXXXXXXX
Data 8 CAN Data OXXXXXXXXXXXXXXXXX
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o HlolE 5%

| Client Server

dH A=

L 4

- Client Accept
2 kol AH
- Connect Q1A Log I+ A

(e B ch7)) il is

3

Data M=

- Log ot X%

s E_:I_.?:! - EI’E -‘E%

v

J

MES A=

L 4

Client Accept

J%. BDLS AlHl HlolH 8%

(5) A delEuo]~(DB) H daeEF A
0 Hl°ol&
- Clustered Index Table
- Primary Key #t3 <192 7] 9] A2 dolE A%
- HolE B A2 T
o A A (Column)
oy Bdat dolz A7 Ao
- g do] Ay g

Not Null AEj 2 ©lo]g A g

- ZAlo] golst=E g volE g WSt By A

- e dolE 9] text Type¥} integer Type o ZH YA

Page Size =4
- HolE e AR £ & w2 7] 9lste] page size £H
0 dRrkE}
- HolH HHAE Ldrts}t F 7= A7)
- B WHE glo] HA HolHE ol A%
- MY E&F AF Ay
- w2 Transaction

- Oe) dlolE Insert B HA Ao £ 4



2 112]= Pseudo-code

// 0l &¢
CheckGeneralizedQueue() ;

if( Queue.Count > 0)

{
// QueueOf EtZI H|OJEf 7{== =0l
Data count = Queue.count ;

// Insert Query AFH Etd
Query(insert Table into ID, Time, Canld... Value @id, @Time, @Canld...)

// mketoly =7t
Object.parameter.add ;

/) S5 22 Tt Transaction 873
DB.Transaction.Begin ;

Object.Excute ;

DB.Transaction.End ;
DB.Transaction.Successful ;
DB.Transaction.Commit ;

}
// GIOJE] 744

RS-t

Check Condition(ID, Period, Parameters) ;

/) A =40 E G|O|Ef Etgl 1=
Select data & data type ;

Query(Select Table where ..) ;

// transaction 8™
DB.Transaction.Begin ;
Object.Excute ;
DB.Transaction.End ;
DB.Transaction.Successful ;
DB.Transaction.Commit ;
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. Ul Display .
LT Controller TR

£ ¥ it

] \

1 4
DB Ul Display
Helper Ul Timer Library &
Component

% 125, CIOIE 22l 29 Z20Y X 255

o UI Display Controller

- T2 BF Ao}

- 3l B #ES =E ZHEJIE(Component) T
o Ul Timer

- Ul &2 93 Timer

o Ul Display Library

- DataGrid / Button / Chart / TextBox
o DB Helper

- HolH #YE Y% DB A< =&

- DB A< @+e / DB A
o 394 T4




- A4
- #41 DB el 2 Update 2@ Commit
- BDLS ID A€
- 71%F A

. Bg dolE Ay

Data Grid

AAE HolEE 29(law) TWOE s ¥

- AE
- F AREES AE FHE W 2F
- SoC / SoH / Voltage / Current / Temperature &

o2 g
. 745 BDLS @A o] ofe) Ae) Sl

(1) =YE=" Ul 71

o 7id A

- Apache Apollo Mqtt Server
-HEY T AZE 913 Apach apollo Mqtt Broker

- Windows Visual Studio 2012
- WPF(Windows Presentation Foundation) =2 7 &j™
- C# Language

- Windows %73
- Windows 8.1
- NET 4.5 Framework

0 X2 FF EEE

. Ul Display
LT Controller

L ?

I

I

Network

Helper Ul Timer

= -

Ul Display
Library &
Component

J%. BDLS =YHA Ul +& E5%
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- Ul Display Controller

T2 s ¥
3t FEol #d
- Ul Timer
Ul B2

- Ul Display Library
- DataGrid / Button / Chart / TextBox

- Network Helper
- TCP/IP Socket & Mgqtt protocol

- Event Driven W20 2 dlo]g 44l

23 Timer

=)
= v

Z]

E(Component) %]

Batt.

Batt.
Batt.
Batt.
Batt.
Batt.
Batt.
Batt.

Batt.

Batt.
Batt.
Batt.
Batt.
Batt.

BDLS MONITOR

BDLS #1
BDLS Terminal 1D :

D

S0C

SoH

Voltage
Current
Temperature
Warning
Fault

BDLS #3
BDLS Terminal 1D :

D

SoC
SoH
Voltage
Current

Temperature

BDLS MONITOR

Running BDLS Terminal Count : 1

BDLS #2
BOLS Terminal ID :

1

: 00—00-00-00-00-00-00-01
. 80 % I
. 90 % D

© 650.2 V

0A

137 'C

None

None

0

: 00-00-00-00-00-00-00-00
S 0%
C 0%
VY

0A

0 °C

Batt.

Batt.
Batt.
Batt.
Batt.
Batt.
Batt.
Batt.

D

SoC
SoH
Voltage

Current

Temperature :

Warning
Fault

BDLS #4
BDLS Terminal ID :

Batt.

Batt.
Batt.
Batt.
Batt.
Batt.

D

SoC
SoH
Voltage

Current

Temperature :

: 00-00-00-00-00-00-00-00
0%
0%
VY

: 00-00-00-00-00-00-00-00
C 0%
C 0%
C 0V

0

0 A
0'C
None

None

0

0A
0°C v

3. BDLS Monitor Ul
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0 BDLS B4 wElel2 o] 55 v Fciute] 2BMS, SCUSHE CAN E4lehe]
oz fA AAHY, FeAHs THoR ABHo e dHY S0 W
Holel ey A #yol Fa@ 89l F sty

Mg AgE oL SIS A5

shetg 4 glout, AA

BATTERY
BDLS ZHA] Wi-Fi 2 = oM Fe
i TEST PC
smpml] | L_J
USB P o Wi LAN

i
O T s

Wi-FicH |
Analyzer S/W |

L 7

< O¥. H2E 4% >

SEI) >
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- A% B W Wi-F FA 84 2H9EY 243 A% PUY M5S0 o
-63dBme] WEA/E EASH, AAA o]F HPAEERT AE de] we A
EA450 9L F 5 AL

-5.292E+01

-5.792E+01

-6.292E+01

dBm

-6.792E+01

-1.292E+01
240E+09  241E+409  242E+09 243E+09  244E+09  245E+09 246E+09 247E+09  248E+09

Frequency (Hz)

< 29, Open 3AHo|A e FWHe Wi-Fi 445 >

- wiEE A ANE MEE FHE feedback HE MEZFEE =4, AAHE 22
BDLS Zx]o] <tHUe] & diE ALY =, T, A=
feedback =& A FEE AT 27 MPdeolA A5zt
g 2%S 4% $35(-51dBm), #FHZ(-57dBm), A€ (-59dBm)

i Min 6dBc

Max 14dBc

< 9. ¥iE g AW Close Aefol Aol WHete Y} 7= 1)

El
AN
ol
A%
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- T F3E e Aol AE sm BAR o AAA WA FAHE FHYEE 5
% APOR 10m ool HASE ARHHGA TAWIfi BDoERE FFL
Axst & Ao werg

-+ Close(C)
——Close(R)

33 —+—Open
\ ~#~Close(l)
-40 -

£
=]
g |
g ZAa
-70
72
=
-80 » B1
-90
1 5 10 15 20
22| (m)

<. R FFe AL ] A AYEA >
(2 WEgY dF 4 JE R H=E

o WY AR +3 AAE e g AR WH A iel AgsE ST A%
f AREs e 2 Ash £ Aol AAZLeR 9% AWM HolHE HEsld
ARE A

o AA W) Ao} 9= log HHE TCPIP W EH AWI-F)E o] &3ke] 93 An 2

dole H%
o WiEZ) B ¥ A ARE 9% AN A% Aol WEZLe] Holy BZ
s w0z ¥

o WiE Y # dF 4 AR 53 e AA % &7 l 1 Wi-Fig °]&3ly HZEE
dloF &3 Hdse Hotd oy, AR A%

o HiElE] dE F3 ZA e} HZES AT
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Battery Pack
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.

N

e T

CAN(Host)

CAMN({Local) F

* I AHEA M s 2 F)

- 2F MEf2] BOLS A B Al

L -
*BDLS =& Tz U
<Y AFTFHE >
24 e bl
- MBS SIoh AN HHEl2l BS 22I5t0f & RXO
sElz =22l

Battery Pack

- 18 JHSl CMU < JIEt &Xlz 24
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