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SUMMARY

In this thesis, I would like to describe an integrated BMS (Battery
Management System) that is not affected by the cell structure of the battery.
Waste batteries that have been used for electric vehicles have 70-80% of
their capacity compared to general new batteries, and because they are 1/10
of the price, they have a competitive edge in being able to be reused in other
areas. BMS is the most basic technology because it is used to monitor the
cell voltage, internal temperature and current status in real time in
conjunction with the battery.

Of course, there is a BMS used for electric vehicles, but it is difficult to
access other than the manufacturer and needs to be reconfigured so that it
can be used in the application field to be applied. Most of the batteries for
electric vehicles used in Korea have three cell structures: 2P4S, 2P6S, and
2P10S, and the BMS applied accordingly is different. If the same cell
structure cannot be secured when applying the battery after use to wvarious
applications such as ESS, UPS, and agricultural machinery, it must be
composed of a combination of different cell structures, but there are many
restrictions because different BMSs must be used for each. As the demand
for waste batteries increases and expectations for their use increase, we
would like to propose an easy-to—access BMS for use in other fields by
combining batteries without being constrained by the cell structure.

The proposed BMS is divided into power, communication, balancing and
measurement, and micro—-controller parts in hardware, and was designed using
OrCAD. The power is used by converting the power of the associated battery
to the required power level of the BMS board. For external communication,
RS232 method was used and Renesas’ RL78/G13 micro-controller was
applied. The balancing of the connected battery was applied passively. The

conventional method used a FET-type PWM switching device, but the
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proposed BMS minimized switching noise and power loss by using a
high-insulation photocoupler device. In addition, cell voltage measurement is
monitored by the INA149 insulating element connected in parallel with the
cell. If the cell voltage differs by more than 0.2V, the remaining cells lower
the voltage through passive balancing based on the low cell voltage. At this
time, since the magnitude of the discharge current is as small as 125mA, the
discharge time is long. During discharge, the connected LED turns on to
indicate that it is a balancing section.

In addition, temperature management i1s very important because the
performance of the battery varies greatly depending on the temperature. The
thermistor sensor that exists inside the battery is used. The temperature
calculation uses the Steinhart-Hart formula, which is calculated by reading
the resistance value. And the current of the battery is managed in real time
by connecting a current sensing device (ACS721) to the BMS power supply.
The SOC (State of Charge) measurement of the battery in the proposed BMS
was estimated by applying the current integration method, which is calculated
by integrating the current during the charge/discharge cycle of the battery to
the initial SOC value of the battery as a method of counting the amount of
charge. To increase the accuracy of external input signals such as cell
voltage, temperature, and current, a first-order low-pass filter and moving
average function were additionally applied to these signals.

The verification of the proposed BMS confirmed its accuracy, safety, and
reliability through three tests.

Before linking the proposed BMS to the battery, the DC Power Supply was
used to verify the accuracy of the input value measurement of the monitoring
voltage to verify the performance of the developed product. In the failure
(overvoltage, undervoltage, overcurrent, temperature abnormality) test and
battery  status (temperature, current cell voltage, operation status)
measurement, the fault level signal was arbitrarily set in the program and the

value displayed on the HMI was compared with the input value.
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The following is a BMS test in connection with charging/discharging
equipment. In all cell structures (2P4S, 2P6S, 2P10S), the cell voltage is in
the range of 4.0V<Cell Voltage>=3.6V. The corresponding SOC was carried
out while applying a charge/discharge current of +5A in the 95-85% section.
The cell balancing test was confirmed by arbitrarily applying a balancing
operation signal. The proposed BMS stability was confirmed through this test.

Finally, the reliability of the proposed BMS system was verified through

comparison with the charge/discharge data of waste batteries.
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Table 2.1 Types of lithium—-ion batteries[8]

do FK AT IR B 2 I S = R = =T
X oW Moo ®= oW O® OB o g b
~ B R Mo wm W o o
™ P T NG A —
- M ~ T M I o B
Q ﬂﬂ N ﬁo J_I OT OC \m_'/l <
a = ] M B o
> $ o B T 60 T A T RO
= \ - N iR
gl & — =0 O = CTIJRC WAt >
= R ° JJo o WX =) O
a % - o M - R = o = X
: X N N op G L X =
by MA_IO Mvry o OT O..# IS ﬁl JvAl‘_ ° T X ﬁrl
¥ 01_ o ‘u| ;.m_l . T X HT_ Of
S A =TI A % ®
o T oz R B =
Nd M ) B N = oo &) ,:m " X
— — o _ﬁl
TETELEA T w o
«l‘w t \.IHO” o) ﬁo fils) ‘mal O#E @E O#U AT ﬂ
o ~ W w T P o SO o AN
w W - Nk 2y Mm ~ R e m W oo _ R
— %0 _— ojo X
3 I R = Mooy R H o = = N
ir 0 O :.L ,_Hyl ZT L._W OW © s = N
° B ;P = SRS X o X
S T W s T T =
T iﬁ ~ = \_|~W X (o) ﬂ )
o] o N Mo X xo ~+ ~ o ol ~ RS-
= W % pogo b R B A <
. S = o o X o
T % o= = o T X
Jh ol o OL N5 — o A
T OHE M O~ N ™o o X9 m°
BN T - SO Yy o
e s e TR o ® T o )
= on o ny ;lo_dﬂ R = o =< ! do ‘mw = T T W
s 7 — TH fud
“m b ow 3o %ﬁ g " = < o}y C wm
Xy n J o — = ”
E TOE oo BZHE Ty B o I
5 e - I T M S = b B x5
T = o o o a = % X 3T 0y RGO
B T G I ~ T ~ wa )
I N S Ao SN & ARSI
ES P oo T " OB ok X Ll

(2.1

pA+qB=rC=sD
A, B, CD 3}38F0|

1

o

A7 p,grs



et
ol

Saol #3 Gibbs AfrldA WEHE FEE o] #HI Ao
Ao, 2)¢F ZH9].

5
[-4 (

AG=AG"+RTn(da}/ aa%) (2.2)

AR FHARN A Ae = Qe A(w,)e Adel A(w, )l sl
43T ol U 4 vk @71sE wg A# 5ol Gibbs AFoliA
AGE JER 4 gom Bg A(24)9 o] EAR.

rev = Winax (2.3)
W, =AG (2.4)
St A7A duUAE AA WE 223 A Q(charge, ©9: coulomb, C) 2
AAAH(E)E b 2 BAV ot
—W_ .. =QF (2.5)

olwl Q= HAX U A=t MF Aol A () Foz A26)F o]
e ootk AR A(n)E AR B 56l ofnrbm 2R (N,, 6.023x10%)e)
woll sgate], Q& dAe] & F)sk dAe] dstFom drhd A%
2,

=n,e (2.6)
Q=nN,e 2.7)

£, Het Q= v 2ol vEd & Ak
Q=nF (2.8)

o] 71X F¥ Faraday FEA, A2 120 a3t d38F2(96,485 C/mol)©] t}.
utepx HARe] F HFo] A= gE HYE g I AYAE QdE nE 9
AR ol gdd wf AR 7F det= AV|H d A29)=2 YEFE F )



w_ . =nFE (2.9)

21(2.10)2 AAeA Doz H7]35ker vbg-ol o3t F P Fefol 2] Gibbs At
quA ®atel AARRE I ¢ A= 7IdgAe] #dAE HolEnh

AG'=—nFE° (2.11)

21(22)9F A(211)E5E t&3 o] Nernst?o] dojx|a, A= 7|3 st

HEgoll Fofst= RS w=o o8 FFS E=nTl.

E=E"— RT/nFln(dyay/dal) (2.12)

22¢  Eole wWME 7 AY mdod. wEHe SOCE
Jaseled gds FAUUAS wel Aol mAsn Y= sy 443
gob gl Ashe dobol dth webd Ad

=
z=100%NA z=0%% A WA u A" F HdstFor HogdAr. T &3

(

AMAow Ah EE mdhw SAHY JF QR EAH, AUE $HAL

2t)=—nt)ilt)/Q (2.13)



A71A Aol dig =355 dEhdy] 8 'dot' & AR, p(t)E A
T T A Fgoltt whaka] F(LA) 9]
, 2(FA) AFE Ao SOCE F7F ARtk 971A
. B8l Jlwedd QE  2E(O-Ahe=

fol
o
i
rir
r>4
_O|L
ol
o
-
H
o
-z
fol
rir

=

B ondo wje g /M3 24 (Open Circuit Voltage, ©l3t OCV)E e E=
AFAgddy, NAAEAY RE FAET R7F EA8H7] Wil FH A

R A A7bEE HYRT IR AYe] vtolAu wiasAR Wl Al Hshof
A7bE = Age AA MR Agro stepxith. Rapel AAHE WA Agte
21(214)¢F 2ol YrERE 4 Qlth

v(t) = 0CV(z(t))—i(t)R, (2.14)

v(t)>0CV(z(t)d W it) <0(FH & wheli () < OCV(z(t) Y i(t) >0
(TR wolrt. o] AL AA A AFTol 8T FiEolW oik AZtellA 7 2

= Ao F SAEF AHQ13)3 @A dst @214+ 22159 H(2.16)3 2ol

-

zlk+1] = z[k] — —nlkli[k] (2.15)

vkl = OCV(z[k]) —ilk] R, (2.16)

D C_) OCViz(t)) w(t)

Fig. 2.2 R-series equivalent model of

lithium-ion battery



el

-
R

PR, o8 2nlH

. 57k A48 A4Y

2

R

A

ol

I

&4

1
.

FAEY T}

i E 2] <]

A k=] 91 o

g S7IREC]

]

2l

glth. wekd RC

Fig. 2.3%%

aee, A4 wE g

!

s

R AWAH Ge EF

)

~
o

el

2ol Ero] wrh

Zlol AA Azgel

7} B A]

=N
[}

A% A7tel

(2.17)

v(t) = OCV(z(t))—Uq(t)—URO(t)

(2.18)

v(k) = OCV(=(k)) — v, (k) — vy (k)

PN
T

45 A(219)9F o] yErd

0

(2.19)

v(t) = OCV(2(t)) = Ryip (t) — Ryi (t)

Ra

H -

Wi E)

I C_D ocviz(t))

Fig. 2.3 R-C Series Equivalent Model of

Lithium-Ion Batteries



(2.20)

v(k) = OCV(2(k)) = Ry (k) — Ryi (k)

E
T

X
o

o

el

K

R

A

(2.21)
(2.22)
(2.23)
(2.24)

1.

o

P
T

2]
=

dt
= wgstH 2 (224)9F 2o

dz‘a(t)

Cug®)e1 B2, 22217 o] vhe

in )+ Co, (t) =i(t)
ac(t) =ax(t)+bult)

FH 21(2.23)3% 2o

ip )+ R C,

°

Foh, i ()

oAl A e

=

F S g @)oo

1714 v, (t)
(2.22)

o

i(t)7F Zolof
Al

than R 42245 42259 2ol yERd

—_
o
ruge]

ol

(2.25)

71 =39

olg}d, a< 09 %

convoltion

(2.25)E

Al
2]

Mo
7ol

00

,.A_.u,-o

0
o]

—_—

B

o

0
e

(2.26)

.i;(t)—aa:(t) =bu(t)

obefj o . ¢4, 2(225)F 2(2.26)% Zo] A

-

.

TE 5 glon, AR



21(2.26)9] FWel e & et

e Haxlt)—azx(t)) =e “bult) (2.27)

H@2ne el Sl ()] 2 W, H@w) ol & 5 Ak

el —at — —at
o [e x(t)] e “bu(t) (2.28)
AT WHY t5 =2 X33 H, o] WA el FWE AIZE 03¢ Alo]o] sl
At v 2o
td t
/ —[e‘”x(T)]dT:/ e "bulr)dr (2.29)
o dr 0

¢ ¢
/d[e_aTx(T)]Z/ e “bu(r)dr (2.30)
0 0
7)1 21(2.30)9] W2 2(231)7 2t}
e "z(r)=e "x(t)—x(0) (2.31)
olm g 21(232)% YErd 4 k.
¢
e_“tzc(t)—m(O):/ e “bu(r)dr (2.32)
0

Mlog o]Fstil ¥Rlel "E HatW a4 22209 #E At

[e)
-
A} 00 A} ghe ZFAI o4k Az BAE Fow olelet k.
zlk+1]=2((k+1)At) (2.33)
(k+1)A
_ alkt1)A +/ ((k+1) A —7)bu(r)dr (2.34)
21(234)0 A AEggS F NE Y, ofElet 2a
kAt
:E[/C+1] k+1 At +/ k+1 At — Tb (T)dT

(k+1)At
+ el k1)t bu( YdT (2.35)

kAt

_10_



2(235)0 4 A F S MR QR gk
kAt
x[k+1] :eaAteakAtx(O)+eaAt/ ea((k-i—l)At—T)bu(T)dT
0
(k+1) At
+ / (12 =10, (7)dr (2.36)
kAt
21(2.36) A 23NAH oA 2dT & Utk
ilj'[k+ 1] :eaAt ak‘At +f k+1 At — Tbu( )dT)
(k+1) At
+/ (k1) 7T)bu(7')d7'
kAt
(k+1)At
Ze“Atx(k:At)-l-/ e“((kH)At_T)bu(T)dT (2.37)
kAt

pAlE o2 otk AIZE FVIHE ARESte] 4(2.38)3 o] LER It

A A (k+1)At
zlk+1]=¢" ta:[k;]—l—e“(kﬂ) t(/ e “bulr)dr (2.38)
kAt
obls A wlt)s kAtelA (k+1)A7HA dAsta ukAt)eh Z2Hha

7Hgshd, 2(2.39)9F o] vEbd 4 Sl

N DA (k+1)At
1] = e k] + 2t DAY / ¢ dr)bulk]
kAL
a a ]‘ 7(L
— o ,Atx[k] e (k+1)At( qkzzl At)bu[k]
__ aAt 1 alk+1)At ( —akAt —a(k+1)At
=e x[k]—kge (e —e Joulk]
1
k] + " (e** —1)buk] (2.39)
oA b A(224)9 A& AIZF AwE WA s st dHE oAb Az
WA Aotk o] ARE wigy A mdd AFRSHY] e od 2(2.24)9
21(2.25)0 A 4 7F s #AE 224002 0] YERE 4 2
LIy (2.40)
a—— 5 = I .
R, C) R, C)

agar Alezke) g2 424D 2

_‘l‘l_



elk) =i (] 2hulk] = i 1]

(2.41)
A A7 2241000 W3k o]k AIZFe 2 (2.42)9F 2}
JAN
i 1] =e| - gz ia
1G1
At 1 .
+ (=R, Cy)(exp(— Rlc,l)—l)(qu))l[k]
At . At .
—exp(—m)zgl[k]‘“l exp( qu))l[k] (2.42)
AW} o 2 Fig. 239 T7F FJZE HAHsts AS5 At mdS 2(243)02
vebd 4= )

dip(t) 1 1
it R i (t)+ qul(t)
v(t) = OCV(2(t)) = Ryip, (t) — Ryi (t)

) At
le[k:Jrl] =exp(—

)i () (1 exp(= )i ()

v(k) = OCV(z(k)) = Ryi, (k) — Ryi (k)

MAgon A B A tE SHe o

exo] goly] Yol R

s
et
r

=

s z(t)sh T
o 9] AF=rt FdE = Azl

_‘|2_



3. BMS +4 % 7%
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Table 4.1 Register settings in hwinit.c

Value Definition

TimerlInit Setting the system clock of the timer of the RL78 MCU
Set the interrupt settings to synchronize with the timer

Interruptlnit

register.

Variables related to voltage, current, and temperature
ADClInit

information of battery cells
UARTOInit Settings for sending and receiving serial data
SSmn Setting for interlocking the main function with the clock

inthandler.ci= W lghgel S Fol7] HAsiA dig e A Ak AfF, ==

e Wes Aeofst, o] Azsl skl 1A AdEsy 4y $4E ZE5h]

-/
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Table 5.1 Proposed cell stacking discrimination metrology test

configuration of BMS

BMS Board DC voltage supply

Table 5.2 Waste battery performance test items

Test Items

Cell over—voltage (4.0V)
Cell low—voltage (2.5V)
Abnormal temperature inside the battery (45.0C)

Battery over—current (£6A)
Cell voltage balance (0.2V)

511 BMS? A= Ad

Table 530l A # FHS ugoz ASF Aol o] wep dHd

o



ofgm e AFE dAdste A4 A AHF e g AZESoje HMI
TRl dubA F7E=A glgh

AuE g E AAS AFS A8 del kHgds st BMS A9 a2
SMPS® <l7bsta wigje] A Ay TS DC A FHF71E &8&3ted BMS
HEd AAEESE FA AT

Table 5.3 BMS status display items displayed on the software

Value Definition Contents
state 100 Cell over—voltage
state 200 Abnormal temperature inside the battery
state 300 Cell voltage balance
state 400 Battery + over—current
state 500 Battery - over—current
state 600 cell low—voltage
state 700 BMS initialization state
state 800 BMS Normal Driving state
cell state 910 2P10S Structure
cell state 940 2P4S Structure
cell state 960 2P6S Structure
cell state 999 Cell stack structure abnormal state
WA 2P4S A AHFT Fx2Y e AEES J¥geH, DC AY FF7|=2 139V
A4S 44d =2 A7balS W Table 549 o] 2ZEole] %7] HT)

Table 5.4 Check 2P4S structure and battery status using software

Division Definition Value Note
cell_state 940 2P4S
Cell stack cell_check 4 Cell Number
ADI[O] : celll 3.46
ADI1] : cell2 3.45
ADI[2] : cell3 3.45
ADI[3] : cell4 3.45 Check the Voltage
Cell Voltage igﬁg EZEZ 888 applied to all 4 cells
ADI[6] : cell7 0.00 Total Voltage : 13.90V
ADI[7] : cell8 0.00
AD[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI[10] -0.10 Normal
Temperature ADI[11] 24.4 Normal
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Fig. 5.1 Confirmation of 2P4S cell stack structure and status in the
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Table 5.5 Check 2P6S structure and battery status using software

Division Definition Value Note
cell_state 960 2P6S
Cell stack cell_check 6 Cell Number
ADIO0] : celll 3.49
ADI[1] : cell2 3.51
ADI[2] : cell3 3.41
ADI[3] : cell4 3.53 Check the Voltage
Cell Voltage ig%} 23}2 22615 applied to all 6 cells
ADI[6] : cell? 0.00 Total Voltage : 20.91V
ADI[7] : cell8 0.00
ADI[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI[10] 0.01 Normal
Temperature ADI[11] 24.4 Normal
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Table 5.6 Check 2P10S structure and battery status using software

Division Definition Value Note
Cell stack cell_state 910 2P10S
cell_check 10 Cell Number
ADIO] : celll 2.59
ADI[1] : cell2 2.61
ADI[2] : cell3 2.75
ADI[3] : cell4 2.75 Check the Voltage
Cell Voltage 28%} Egﬁg ggg applied to all 4 cells
ADI[6] : cell7 2.69 Total Voltage : 26.86V
ADI[7] : cell8 2.75
ADI[8] : cell9 2.76
ADI[9] : celll0 2.73
Current ADI[10] 0.01 Normal
Temperature AD[11] 24.5 Normal
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Table 5.7 Check cell structure errors and battery health using software

Division Definition Value Note
Cell stack cell_state 999 Cell stack error
cell_check 9 Cell Number
ADI[O] : celll 2.59
ADI[1] : cell2 2.61
ADI[2] : cell3 2.75
ADI[3] : cell4 2.75 Check the Voltage
Cell Voltage ig{g 23}2 ggg applied to all 9cells
ADI[6] : cell7 2.69 Total Voltage : 22.13V
ADI[7] : cell8 2.75
ADI[8] : cell9 2.76
AD[9] : celllO 0.00
Current ADI[10] 0.01 Normal
Temperature ADI[11] 24.5 Normal
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Table 5.8 Check bhalancing status in 2P4S structure using software

Division Definition Value Note
cell_state 940 2P4S
Cell stack stat 300 Cell Balancing
ADI[O] : celll 3.75
ADI1] : cell2 3.50
ADI[2] : cell3 3.50
AD%S} . celld 3.50 Check Cell#1
AD[4] : cellb 0.00 . ..
Cell Voltage AD5] : cell6 0.00 Balancing Condition
ADI6] : cell? 0.00 Total Voltage @ 14.25V
ADI[7] : cell8 0.00
ADI[8] : cell9 0.00
ADI9] : celllO 0.00
Current AD[10] 0.74 Normal
Temperature ADI[11] 25.0 Normal
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Fig. 5.5 Check the balancing status of 2P4S in the HMI
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Table 5.9 Check balancing status in 2P6S structure using software

Division Definition Value Note
cell_state 960 2P6S
Cell stack state 300 Cell Balancing
ADI[O] : celll 3.50
ADI[1] : cell2 3.50
ADI[2] : cell3 3.50
ADI[3] : cell4 3.50 Check Cell#6
ADI[4] : cell5 3.50 } ..
Cell Voltage AD[5] - cell6 375 Balancing Condition
ADI[6] : cell? 0.00 Total Voltage : 21.25V
ADI[7] : cell8 0.00
ADI8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI[10] 0.35 Normal
Temperature AD[11] 25.0 Normal
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Fig. 5.6 Check the balancing status of 2P6S in the HMI
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Table 5.10 Check balancing status in 2P10S structure using software

Division Definition Value Note
Cell stack cell_state 910 2P10S .
stat 300 Cell Balancing
ADI[0] : celll 3.50
ADI[1] : cell2 3.50
ADI[2] : cell3 3.50
ADI[3] : cell4 3.50 Check Cell#10
Cell Voltage ig %% 2:}2 228 Balancing Condition
ADI[6] : cell7 3.50 Total Voltage : 35.26V
ADI[7] : cell8 3.50
ADI[8] : cell9 3.50
ADI[9] : celllO 3.76
Current ADI[10] 0.04 Normal
Temperature ADI[11] 25.0 Normal
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Fig. 5.7 Check the balancing status of 2P10S in the HMI
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Fig. 5.8 Check the over voltage status of 2P4S in the HMI
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Table 5.11 Check over voltage status in 2P4S structure using software

Division Definition Value Note
Cell stack cell_state 940 2P4S
state 100 Cell Over Voltage
ADI[O] : celll 3.75
ADI[1] : cell2 3.89
AD[Z] : cell3 3.96
% } - celld é-gg Check Cell#4
AD 4] @ cellb . ..
Cell Voltage DI5] : cell 0.00 Over Voltage condition
D[6] : cell? 0.00 Total Voltage : 15.68V
AD[7] : cell8 0.00
ADI[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI[10] 0.02 Normal
Temperature ADI[11] 23.2 Normal
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Fig. 5.9 Check the over voltage status of 2P6S in the HMI
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Table 5.12 Check over voltage status in 2P6S structure using software

Division Definition Value Note
Cell stack cell_state 960 2P6S
state 100 Cell Over Voltage
ADI[O0] : celll 3.50
ADI[1] : cell2 4.10
AD[2] : cell3 3.50
DI[3] : cell4 3.50 Check Cell#2
Cell Voltage ADP% ZZHE 228 Over Voltage condition
DI6] : cell? 0.00 Total Voltage : 21.60V
AD[7] : cell8 0.00
AD[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI[10] 0.25 Normal
Temperature ADI[11] 25.0 Normal
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Fig. 5.10 Check the over voltage status of 2P10S in the HMI
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Table 5.13 Check over voltage status in 2P10S structure using software

Division Definition Value Note
Cell stack cell_state 910 2P10S
stat 100 Cell Over Voltage
ADI[O0] : celll 3.50
ADI[1] : cell2 3.50
ADI[2] : cell3 3.50
ADI[3] : cell4 3.50 Check Cell#9
Cell Voltage ﬁg%g zzﬂg 228 Over Voltage condition
ADI6] : cell? 350 Total Voltage : 35.55V
ADI[7] : cell8 3.50
ADI[8] : cell9 4.05
ADI[9] : celllO 3.50
Current ADI[10] 0.20 Normal
Temperature AD[11] 25.0 Normal
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Table 5.14 Check low voltage status in 2P4S structure

using software

Division Definition Value Note
Cell stack cell_state 940 2P4S
stat 600 Cell Low Voltage
ADI[O0] : celll 2.49
ADI[1] : cell2 3.51
ADI[2] : cell3 3.53
ADI[3] : cell4 3.49 Check Cell#1
Cell Voltage ﬁg%g gzﬁg 888 Low Voltage Condition
AD[6] : cell7 0.00 Total Voltage @ 13.02V
ADI[7] : cell8 0.00
ADI[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI[10] 0.03 Normal
Temperature AD[11] 23.6 Normal
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Table 5.15 Check low voltage status in 2P6S structure using software

Division Definition Value Note
Cell stack cell_state 960 2P6S
state 600 Cell Low Voltage
ADI[O] : celll 3.51
AD[1] : cell2 3.52
AD[Z] : cell3 2.49
DI3] - cell4 3.50 Check Cell#3
Cell Voltage ﬁg%g 2232 ggé Low Voltage Condition
ADI[6] : cell7 0.00 Total Voltage : 20.05V
AD[7] : cell8 0.00
ADI[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI10] 0.04 Normal
Temperature ADI[11] 24.5 Normal
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BMS 2P6S Monitoring System
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Fig. 5.12 Check the low voltage status of 2P6S in the HMI
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Table 5.16 Check low voltage status in 2P10S structure using software

Division Definition Value Note
Cell stack cell_state 910 2P10S
stat 600 Cell Low Voltage
ADIO] : celll 3.51
AD[1] : cell2 3.52
ADI[2] : cell3 2.51
ADI[3] : cell4 3.50 Check Cell#9
Cell Voltage ﬁg%% 2:}2 ggg Low Voltage Condition
ADI[6] : cell? 3.50 Total Voltage : 33.05V
AD[7] : cell8 3.49
ADI[8] : cell9 2.49
ADI[9] : celllO 3.49
Current ADI[10] 0.04 Normal
Temperature ADI[11] 24.5 Normal
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Fig. 5.13 Check the low voltage status of 2P10S in the HMI
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Table 5.17 Check charging over current status in 2P4S structure using

software
Division Definition Value Note
Cell stack cell_state 940 2P4S
state 400 +Over Current
ADIO0] : celll 3.52
ADI[1] : cell2 3.52
ADI[2] : cell3 3.50
ADI[3] : cell4 3.54
Cell Voltage igﬁ_ﬂ 2232 888 Total Voltage : 14.08V
ADI[6] : cell7 0.00
ADI[7] : cell8 0.00
ADI[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI10] 5.06 Over Current
Temperature ADI[11] 25.0 Normal
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Fig. 5.14 Checking the charging over current status of 2P4S in
the HMI
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Table 5.18 Check charging over current status in 2P6S structure using

software
Division Definition Value Note
Cell stack cell_state 960 2P6S
stat 400 +Over Current
ADI[O] : celll 3.50
ADI[1] : cell2 3.50
AD[2] : cell3 3.50
ADI[3] : cell4 3.50
Cell Voltage ig%g EZHZ 228 Total Voltage : 21.00V
ADI[6] : cell7 0.00
AD[7] : cell8 0.00
ADI[8] : cell9 0.00
AD[9] : celllO 0.00
Current ADI[10] 5.02 Over Current
Temperature ADI[11] 25.0 Normal
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Table 5.19 Check charging over current status in 2P10S structure using

software
Division Definition Value Note
Cell stack cell_state 910 2P10S
stat 400 +Over Current
ADI[O] : celll 3.50
ADI[1] : cell2 3.50
AD[2] : cell3 3.50
ADI[3] : cell4 3.50
Cell Voltage ﬁg%} 2232 228 Total Voltage : 35.0V
ADI[6] : cell7 3.50
AD[7] : cell8 3.50
ADI[8] : cell9 3.50
AD[9] : celll0 3.50
Current ADI[10] 5.14 Over Current
Temperature ADI[11] 25.0 Normal
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BMS 2P10S Monitoring System
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Fig. 5.16 Checking the charging over current status of 2P10S in
the HMI
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Table 5.20 Check discharging over current status in 2P4S structure using
software
Division Definition Value Note
cell_state 940 2P4S
Cell stack stat 500 —Over Current
ADI[O] : celll 3.56
ADI[1] : cell2 3.54
ADI[2] : cell3 3.58
ADI[3] : cell4 3.55
ADI[4] : cell5 0.00 .
Cell Voltage AD[5] : cell6 0.00 Total Voltage : 14.23V
ADI[6] : cell7 0.00
ADI[7] : cell8 0.00
ADI[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI10] —6.01 Over Current
Temperature ADI[11] 24.8 Normal
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Fig. 5.17 Checking the discharging over current status of 2P4S
in the HMI
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Table 5.21 Check discharging over current status in 2P6S structure using

Division Definition Value Note
cell_state 960 2P6S
Cell stack stat 500 —Over Current
ADI[O0] : celll 3.50
ADI[1] : cell2 3.50
ADI[2] : cell3 3.50
ADI[3] : cell4 3.50
Cell Voltage ig{g 2232 228 Total Voltage : 21.00V
ADI[6] : cell7 0.00
ADI[7] : cell8 0.00
ADI[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI[10] -5.10 Over Current
Temperature ADI[11] 25.0 Normal
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Table 5.22 Check discharging over current status in 2P410S structure using

software
Division Definition Value Note
cell_state 910 2P10S
Cell stack stat 500 —Over Current
ADI[O0] : celll 3.50
ADI[1] : cell2 3.50
AD[2] : cell3 3.50
AD[3] : cell4 3.50
Cell Voltage ﬁgg : 2232 2228 Total Voltage : 21.00V
AD[6] : cell7 3.50
ADI[7] : cell8 3.50
AD[8] : cell9 3.50
ADI[9] : celllO 3.50
Current ADI[10] -5.10 Over Current
Temperature ADI[11] 25.0 Normal
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Table 5.23 Check temperature abnormality in 2P4S structure using software

Division Definition Value Note
Cell stack cell_state 940 2P4S
stat 200 Temperature Error
ADI[O] : celll 3.56
ADI[1] : cell2 3.57
ADI[2] : cell3 3.58
ADI[3] : cell4 3.58
Cell Voltage ﬁg%% 2:}2 888 Total Voltage : 14.29V
ADI[6] : cell7 0.00
AD[7] : cell8 0.00
ADI[8] : cell9 0.00
AD[9] : celll0 0.00
Current ADI[10] 0.03 Normal
Temperature ADI[11] 45.1 Temperature Error
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BMS 2P4S Monitoring System
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Fig. 5.20 Check the temperature abnormality of 2P4S on the
HMI

o 2P6Se A AS FrxolAd sy, 2xE 451TC dHT e wE
AIE Table 5249 7ol 7|AEFHA o™, cell state?] 9602 2P6S, state’}
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Table 5.24 Check temperature abnormality in 2P6S structure using software

Division Definition Value Note
Cell stack cell_state 960 2P6S
stat 200 Temperature Error
ADI[O0] : celll 3.50
ADI[1] : cell2 3.50
AD[2] : cell3 3.50
ADI[3] : cell4 3.50
Cell Voltage ﬁgg : 2232 2228 Total Voltage : 21.00V
AD[6] : cell? 0.00
ADI[7] : cell8 0.00
AD[8] : cell9 0.00
ADI[9] : celllO 0.00
Current ADI10] 0.39 Normal
Temperature ADI[11] 45.0 Temperature Error
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BMS 2P6S Monitoring System

Cell Voltages
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Fig. 5.21 Check the temperature abnormality of 2P6S on the
HMI

npAleko 2 2P10Se] A A T xolA ek, x5 450C dH T e
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Table 5.25 Check temperature abnormality in 2P10S structure using software

Division Definition Value Note
Cell stack cell_state 910 2P10S
stat 200 Temperature Error
ADI[O0] : celll 3.50
ADI[1] : cell2 3.50
AD[2] : cell3 3.50
ADI[3] : cell4 3.50
Cell Voltage ﬁgg : 2232 3:28 Total voltage : 35.00V
AD[6] : cell? 3.50
ADI[7] : cell8 3.50
AD[8] : cell9 3.50
ADI[9] : celllO 3.50
Current ADI10] 0.44 Normal
Temperature ADI[11] 45.0 Temperature Error
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Fig. 5.22 Check the temperature abnormality of 2P10S on the
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Fig. 6.2 Configuration diagram of charging/discharging test linked to waste
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Fig. 6.3 2P4S cell charging graph using battery charger/discharger

100 2P4S Charging SOC
T T T T T @
95 - W 0
§ 90 |- Mw#ww i
. ’mew“ﬂ
85 WWWW”MM"W |
1 1 | 1 1 1 1
0 1 2 3 4 5 6 7 8

Hujelele] A #<te] Fig. 619 F-wd AF =

TS AAEA Ho 402V AFCAAN TS FERIIALOH,

_60_



8AIZHESE 041Vell A 043Vo] Fdeo]l | AL Falakqir). of
6.4¢F Zom oF8h%ol A AlZtelA 95%olA FE
6101 4 AR Aga TR D F7h gol W@ 2 Ao AT A AL,

)
Y
tlo
o B
O
ol
32
O
_EL
,%
aQ
=X
(@)

Table 6.1 Cell charging test results in 2P4S structure

Time [h] Charging | Celll Cell2 Cell3 Cell4 | SOCI[%]
Start 3.58 3.60 3.60 3.59 85
8 Finish 4.01 4.02 4.02 4.00 95
Increase 0.43 0.42 0.42 0.41 10

(2) 2P6S 7% AA T4 Al

o

2P6S =9 HujE 2l & AA AP A I= Fig. 659 2o

2PBS Cell1 Voltage Charging 2PBS Cell2 Voltage Charging

5 6 7 8

Fig. 6.5 2P6S cell charging graph using battery charger/discharger
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Fig. 6.6 2P6S cell charging SOC

Table 6.2 Cell charging test results in 2P6S structure

Time [h] Charging Celll Cell2 Cell3 Celld | SOCI[%]
Start 3.59 3.59 3.61 3.61 85
Finish 3.99 3.99 4.00 4.00 95
Increase 0.40 0.40 0.39 0.39 10
8 Charging Cellb Cell6
Start 3.61 3.59
Finish 3.99 3.99
Increase 0.38 0.40

(3) 2P10S 7= A =9 A E
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Fig. 6.8 2P10S cell charging graph using battery charger/discharger
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Table 6.3 Cell charging test results in 2P10S structure

Time [h] Charging Celll Cell2 Cell3 Cell4 SOC [%]
Start 3.58 3.60 3.60 3.59 85
Finish 4.01 4.02 4.02 4.00 95
Increase 0.43 0.42 0.42 0.41 10
Charging Cell5 Cell6 Cell7 Cell8
Start 3.56 3.56 3.61 3.62
8 Finish 3.99 3.99 3.99 4.00
Increase 0.43 0.43 0.38 0.38
Charging Cell9 CelllO
Start 3.61 3.58
Finish 4.02 3.99
Increase 0.41 0.41
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Fig. 6.9 2P4S cell discharging graph using battery charger/discharger
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Fig. 6.10 2P4S cell discharging SOC

Table 6.4 Cell discharging test results in 2P4S structure

Time [h] Discharging | Celll Cell2 Cell3 Celld | SOCI[%]
Start 4.03 4.00 4.03 4.01 95
8 Finish 3.60 3.61 3.61 3.60 85
Decrease 0.43 0.44 0.42 0.41 10

(2) 2P6S T+x A wd A E
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Fig. 6.11 2P6S cell discharging graph using battery charger/discharge
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Table 6.5 2P6S cell discharging SOC

Time [h] Discharging Celll Cell2 Cell3 Cell4d | SOC[%]
Start 3.99 3.98 3.99 3.99 95
Finish 3.59 3.59 3.61 3.60 85
Decrease 0.40 0.39 0.38 0.39 10
8 Discharging Cell5 Cell6
Start 3.98 3.99
Finish 3.61 3.61
Decrease 0.37 0.38
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Fig. 6.14 2P10S cell discharging SOC

Table 6.6 Cell discharging test results in 2P10S structure

Time [h] Discharging Celll Cell2 Cell3 Celld | SOC[%]
Start 3.99 3.98 3.98 4.00 95
Finish 3.59 3.62 3.61 3.59 85
Decrease 0.40 0.38 0.38 0.41 10
Discharging Cell5 Cell6 Cell7 Cell8
Start 3.99 3.99 4.00 4.00
8 Finish 3.56 3.57 3.58 3.57
Decrease 0.43 0.42 0.52 0.44
Discharging Cell9 Celll0
Start 4.00 3.99
Finish 3.58 3.58
Decrease 0.42 0.41
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Table 6.7 Cell balancing test results in 2P4S structure

Time [h] Balancing Celll Cell2 Cell3 Cell4
Start 3.90 3.90 3.90

12 Finish 3.81 3.80 3.80 3.68
Decrease 0.09 0.10 0.10

2P4S Cell1 Voltage Balancing 2P45S Cell2 Voltage Balancing
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Fig. 6.15 Cell balancing graph in 2P4S structure
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Table 6.89] A& s}t

Table 6.8 Cell balancing test results in 2P6S structure

Time [h] Balancing Celll Cell2 Cell3 Cell4
Start 3.90 3.90 3.90 3.90
Finish 3.80 3.80 3.80 3.80
Decrease 0.10 0.10 0.10 0.10
12 Balancing Cell5 Cell6
Start 3.90
Finish 3.80 3.68
Decrease 0.10
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Fig. 6.16 Cell balancing graph in 2P6S structure
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Table 6.9 Cell balancing test results in 2P10S structure

Time [h] Balancing Celll Cell2 Cell3 Cell4
Start 3.90 3.90 3.90 3.90
Finish 3.81 3.80 3.80 3.80
Decrease 0.09 0.10 0.10 0.10
Balancing Cellb Cellb Cell7 Cell8
Start 3.90 3.90 3.90 3.90
12 Finish 3.80 3.80 3.80 3.80
Decrease 0.10 0.10 0.10 0.10
Balancing Cell9 CelllO
Start 3.90
Finish 3.80 3.68
Decrease 0.10
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24 A

R

B ZFHA

4 [gre o 36
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Vaoer, Fa

99.4%°l A1 99.7%°]

Table 7.1 Comparison of charging test results in 2P4S structure

Charging Celll Cell2 Cell3 Cell4

Test datal[V] Start 3.58 3.60 3.60 3.59
Finish 4.01 4.02 4.02 4.00

o Charging Celll Cell2 Cell3 Cell4
substantiation Start 3.60 3.61 3.61 3.61

atal[V] —

Finish 4.00 4.00 4.00 4.00

Charging Celll Cell2 Cell3 Cell4

Accuracy [%] Start 99.4 99.7 99.7 99.4
Finish 99.8 99.5 99.5 100
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Table 729 A3E R, THAAZ At o 36VHeH, T8 AU 40VEH,
T odolgel A A Aol AIZEE 994%0lA  100%0lH, =AFE AL
A== 99.7%) 4 100%°] t}.

Table 7.2 Comparison of charging test results in 2P6S structure

Charging Celll Cell2 Cell3 Cell4

Start 3.59 3.59 3.61 3.61

Finish 3.99 3.99 4.00 4.00
Tesit datfally] Charging Cell5 Cell6
Start 3.61 3.59
Finish 3.99 3.99

Charging Celll Cell2 Cell3 Cell4

Start 3.58 3.59 3.61 3.61

Substantiation Finish 4.00 4.00 4.00 4.00
data[V] Charging Cell5 Cellb
Start 3.60 3.61
Finish 4.00 4.00

Charging Celll Cell2 Cell3 Cell4

Start 99.7 100 100 100

Accuracy [%] Finish 99.7 99.7 100 100
Y Charging Cell5 Cell6
Start 99.4 99.4
Finish 99.7 99.7
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Fig. 7.3 Comparison of charging test results in 2P10S structure
Table 7.3 Comparison of charging test results in 2P10S structure
Charging Celll Cell2 Cell3 Cell4
Start 3.58 3.60 3.60 3.59
Finish 4.01 4.02 4.02 4.00
Charging Cellb Cellb Cell7 Cell8
Test datal[V] Start 3.56 3.56 3.61 3.62
Finish 3.99 3.99 3.99 4.00
Charging Cell9 CelllO
Start 3.61 3.58
Finish 4.02 3.99
Charging Celll Cell2 Cell3 Cell4
Start 3.59 3.59 3.59 3.60
Finish 4.00 4.01 4.0 4.01
o Charging Cell5 Cell6 Cell7 Cell8
i Start 3.58 3.58 3.59 3.60
Finish 3.99 3.98 3.99 4.0
Charging Cell9 CelllO
Start 3.60 3.59
Finish 4.01 4.0
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Table 7.4 Comparison accuracy of charging test results in 2P10S structure

Charging Celll Cell2 Cell3 Cell4
Start 99.7 99.7 99.7 99.7
Finish 99.7 99.7 99.5 99.7
Charging Cellb Cell6 Cell7 Cell8
Accuracy [%] Start 99.4 99.4 99.4 99.4
Finish 99.2 99.7 100 99.4
Charging Cell9 CelllO
Start 99.7 99.7
Finish 99.7 99.7
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Table 7.5 Comparison of discharging test results in 2P4S structure

Discharging Celll Cell2 Cell3 Cell4

Test datal[V] Start 4.03 4.0 4.03 4.01

Finish 3.60 3.61 3.61 3.60

L Discharging Celll Cell2 Cell3 Cell4

Substantiation Start 1.01 1.0 4.01 4.0
ata[V] —

Finish 3.61 3.61 3.62 3.60

Discharging Celll Cell2 Cell3 Cell4

Accuracy [%] Start 99.5 100 99.5 99.7

Finish 99.7 100 99.7 100
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Fig. 7.4 Comparison of discharging test results in 2P4S structure
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Table 7.6 Comparison of discharging test results in 2P6S structure

Discharging Celll Cell2 Cell3 Cell4

Start 3.99 3.98 3.99 3.99

Finish 3.59 3.59 3.61 3.60
st skt P oe s renne | Cells Cell6
Start 3.98 3.99
Finish 3.61 3.61

Discharging Celll Cell2 Cell3 Cell4

Start 3.99 3.99 4.00 4.00

Substantiation Finish 3.60 3.60 3.61 3.60
data[V] Discharging Cell5 Cell6
Start 3.99 3.99
Finish 3.59 5.59

Discharging Celll Cell2 Cell3 Cell4

Start 100 99.7 99.7 99.7

Accuracy [%] ' Finish. 99.7 99.7 100 100
Discharging Cellb Cell6
Start 99.7 99.5
Finish 99.5 99.7
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Fig. 7.6 Comparison of discharging test results in 2P10S structure

Table 7.7 Comparison of discharging test results in 2P10S structure

Discharging Celll Cell2 Cell3 Cell4
Start 3.99 3.98 3.98 4.00
Finish 3.59 3.62 3.61 3.59
Discharging Cell5 Cell6 Cell7 Cell8
Test datal[V] Start 3.99 3.99 4.00 4.00
Finish 3.56 3.57 3.58 3.57

Discharging Cell9 CelllO

Start 4.00 3.99

Finish 3.58 3.58
Discharging Celll Cell2 Cell3 Cell4
Start 3.99 3.99 4.0 3.99
Finish 3.60 3.60 3.59 3.58
o Discharging Cell5 Cell6 Cell7 Cell8
SUbjta““a“"“ Start 3.99 3.99 3.98 3.98

ata[V] —

Finish 3.58 3.59 3.59 3.59

Discharging Cell9 Celll0

Start 3.99 4.0

Finish 3.59 3.59
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Table 7.8 Comparison accuracy

of discharging test results in 2P10S structure

Discharging Celll Cell2 Cell3 Cell4
Start 100 99.7 99.5 99.7
Finish 99.7 99.5 99.5 99.7
Discharging Cellb Cell6 Cell7 Cell8
Accuracy [%] Start 100 100 99.5 99.5
Finish 99.4 99.4 99.7 99.4
Discharging Cell9 CelllO
Start 99.7 99.7
Finish 99.7 99.7
Table 7.7¢] A¥%5 ®HW, deoly F7]¢ =48& 19 W A A
40Veer, == e oF 36VEMH, tolE o] A3 Table 7.89
Z1Aqskg o™ whA A ZF A A== 995%0A  100%°lH, WAEFE A

24§]—1:
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