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A study on the characteristics measuring system of
multi— batteries in series with inverter discharging

load type

by Cho, Soo Yeon

Department of Maritime Engineering
Graduate School of Maritime Industries of Korea Maritime and Ocean

University

Abstract

As a result of IMO regulations, environmental problems are emerging, and the
number of vessels driven by electric propulsion system are getting increased.
Induction motor for propulsion driven by AC voltage output from inverter that
connected in each battery module connected in series with each other. Therefore,
it 1s necessary to constantly manage the battery life or aging degree. If a
problem occurs in each cell of the battery while the ship is in operation, the
supply voltage may be reduced or the entire battery may be short-circuited to lead
to a safety accident. Therefore, the voltage, current, and temperature of the
battery should be detected and managed in a safe range. This paper is the
development of a multi-battery characteristics measurement system that estimates
the aging of the battery by measuring the equivalent resistance and reactance
inside the battery connected in 2-3 level inverter load with different
characteristics in harmonics. In addition, the EIS(Electrochemical Impedance
Spectroscopy) multi-battery measurement system circuit is configured for the
impedance measurement by the EIS method for each battery with grid-separated type
per cell. The EIS impedance measurement method 1s that of measuring a
frequency-dependent impedance by applying a direct-current power source which
super imposes micro AC signals of various frequencies on a DC power source to a
battery. The degree of aging can be estimated by referring to the resistance
component of the impedance diagram drawn according to the power supply in the
frequency range of 1 kHz to 50 mHz. In order to check how the current harmonics
affect the aging, we measure the impedance value by driving the inverter loads,
and compare and analyze the aging state each other.

KEY WORDS : Electric propulsion system, multi-battery, Inverter, EIS

_Vi_

Collection @ kmou



AWE PAFRE AWPE IF el 54
=

s Ab2 5}
=
MO 4ol <3, Nox, Sox W& F4l 5o BARA} hFsEA 171524
ulo] Sojubm Ytk WrIFUAMute] F08 AEAEIE Azl WEs Hdw
A48 0% vEHe 5o & BAol 229 dMHRE A4E 27 Akl o
d TEEY. wed A9eE ARSI gl wHee) FHolt wmaE Ao
= #elslof @ Wast Al Aol 7 FY w wEele] 2t Ao TAZ} B

be A

o
rN
]IO

bo] F4stru i g] AAZE gdeE o] PdALLR o] A7) w&o
H

= Belsfof ot

=
[
AL
o o
o
A 4o o2
9‘15
o=
e
o I"}O
e
N ojf
&
)
T
215
&
-0
)
%

=
ic)
i) o
o

©

an
Lo
)
3
T 2

N
o fb o E T

NI\

2

>

O~
52 B33 (Electrochemical Impedance Spectroscopy, EIS)ol| 2]3t 3w~
st 2 &9 AS 3R FxZH WA glo] &AHoE v %

=2 ¥x 2od 52E A7 ES oF Wy =3
]
A

o
5
K

i
N
jins
S
4
o] ;O
3
r_l

oX
o
Ol
tlo ¥R
eD
DN
d
&l
L
[>

)

(o
i
flo

1] v}
o2
o
N
j‘:i
N
lo
=)
o
El
u
r,
}op
i
o >
12l
(b o
ix

K
RS

i)
RN
1T =

(]
o

sk sk QA E ol
stol wiE 2ol =3} E

e o ©og 4y ok
i)
|
v
N,

< R <
oA
bt

Tt A=A, gEalEzE, AME, EIS

- vil —

Collection @ kmou



Al1AR AL

11 47 973

A A7 THAMO) A 98l Nox, Sox HlZ% 74 59 SHE
A7 HFEHEA A A iEE = v AHR e} GakstEo] Z3H
Ho] e 7B EHES o] A ATt ALH U

E3] FABNAIFIMO)E 202078 FAdEre] Asf & A

< 0.5%7MA G JAE APT dgHoln 247t wjEFS 2050
A7bA] 2008 thR] 50%7HA] A= dAd dES FH3AsY
CHI1] o=’ S &EAlol A4l thFEHTAA 7| A3 #jEe] o

Ade A3 BEshe A7IF4Eo] Soivbar o
o

sto]l B gl = (Hybrid) A& 2 28 W 7]5%12d ¥ (Electrical propulsion
vessel)®] ¥ PO ® ALESt= wiEl g A JHe wiE e Aol HE
2 HJ&E o5 wEHE 2EY 4 dAe] 29 AWy EREH AdE
WFAGel o FEdnk wEbd ddoew Agsta = wiE 29

N

Collection @ kmou



HE R FEshe 48 A7|FAAdAE wEHe REde 7 Al
=3 7 B 2GS Abdel AAsk] fskel 4 Aol dst AR
%=, SOH(State of health, *+<&514), SOC(State of charge, & %)
9 HeolHE AAE o] &3tAY dagFE ol &3ste] F53te] uiH
2l o] AHE #2](BMS, Battery management system)stal $J

e e AdEide s wE g HA bAAPES FdHE] f% Ve EA
824 a9 wWEA solg AL

2 ARAG3] 53 sk Ajk deliv & ds) Aledl=
= =

o2t
Lo
o
=
ofo
=
W
o
o
oy
=
(@p]
2,
ok
¥

FEeE AMEe] B FHAR L=zt Y 5 ATkl
9 nzsh QRS 3 FAEel mWeld BMSel "aw A
gel 429 5 ol WEP SOH,

s, AF, -
SOC, 57} Y@ as A5 ° 97 BT 5 A7) W] W)
Hele wsh} SudedE 2440 2 5 Ao

12 AT =23

ol o} AR Folek F71HQ HA o] 2= 5]

A71F2482 wiE e Aol ARFE aF=E H8A7= AWES

Collection @ kmou



317) SishAE AWEe] 2903 A48 Z2admo YA A
@ & glofof @k AMEE 2919 Agol o5 AFE AR WS
A7 e 2904 £do] B4R, FHARC nEAE Fi3

A Aok axv e JAME L fEy 29 " wehbA A

o7} M, o= QT k3te] IYEKHEE B2 YERIT
B =rolAe 1z 540 & 2-3 #E JIMEE TEEE A
715 e wAdFste HEeka, ALEuE g 5o e7HA @
AR AE QB E e g mel FA4ske] wiE e =35 FAd
= AEHSE v HEY 54 SHA L] JEel tisf A
3, 7 Avpty HAE ZEete] AEE HES 7] ajE gl o
A A om  H7]5eA - 3 H (Electrochemical  Impedance
Spectroscopy, EIS)& #-&sto] wje g WiFo] dudx= A4S &
I

= EIS b5 wiEe] SN2 325 FAs T EIS ¢4

Collection @ kmou



AE7] WE Aol o]&3 2-3 #HE Ao

ey

Collection @ kmou



A2 B/EE

2.1 ¥igg] &3
ddbo]l sl Aol AE HEH g A FolA T JHEtE 240l
Ud 573t FAAE 7Hed 7 7] "ol Fejo] & £AE ol
ATH[6] o7 ARlE WASH7] flsiAl s el Folls AAIRE )
He Ao dA3 RUHES FdstEA wiEge dejd tid olg€S&
wejste] o]y Aol EAI7F Avka deo] HH oyl F<2l HiEHg A
2 wAstodof gk wiHEE a&Fo® Hgstr] A= HiEE
Z3lo] SOH, SOC, YW ~E 4+ s}o]
HjE 2] o] A Y =3t AEE ARl R @ste] FA7F oS0 H

S oja1, &
AP o] SHEF] 80% A= HW o] o & SOH7F 0%= Hd
gth SOH 42 #ielgl el s7F A, o3t &4 §& Al4tst
of HolH= Aggstal, AF ol Tl wek k&8
e UH S ol &35ty, XA E wE] BA ] HsiAE SOHIE 0%
2 H7] de wigg AS wAS] FojoF Jrh[7]
SOC(State Of Charge)= HiE|#]9] =g&FS ou|siy, T Fo|L

rfo

N
N
B>
o

Collection @ kmou



@ 5 dx oAl WEHL

SOC 100%2! JHlE w3 e sk d, olms wEest Ao

38 22T JUE vk Ashrt Bol FHPFS e Aol

eeprbe, s Age S MEHAs 38 57 Aok WE
HtJ'

7k WA AHH ] Qlojok Fek.

Z
o
AU
rlr
ol
™
=
e
™
o
>
)
frc)

2l
o, A &Folgts WEHYS U 4

© ™[9], o] &) OCV(Open circuit voltage) ®4}e] ch. OCVE 3
3k Alo] WiElg] @Ak Agtolm, OCV Wa]e Azt wigl 94 H&-9
% T2 SOCE AAsta, 1 SOC «=xteltt wiH g 9 A4S =
Aete] Tapzgtel digk SOC AHIE HolEZ AHuste =z
C}.[811911101(11]

T3, OCV 7|H-e wlElglel SOHE FHst=d # 834 A8
4 Jth[12](13] Fig. 1 Randles w82 @& veld T o|th[14]
A7 AF7E A7bEE &3tels AFAIE Cp7t @k o] Rpolle A
o] Aex| ¢ Rsollvt 17bx<to]l AEA =Hol Rs A #F<S 4

T AeH, olg £43te HiEgle] SOHE FAsH dot.

2

&

Collection @ kmou



Fig. 1 Randles model of battery
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Fig. 2 Axis conversion(3 axis — 2 axis)
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(a) Vector diagram(V(3))
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Fig. 6 Vector diagram and switching state of space
voltage vector V(3)
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(a) State O (b) State dead time (c) State P
Fig. 12 Commutation during state O—P(;,<0)
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Fig. 13 Injection AC signal into battery for EIS
impedance measurement

Yo 2= AC 2 Yol drkg B2 A/7F FAHEE 7He A=
ojth, Y AN P2zt SF7E ARE © A 52
o QI ZE BASF Z=R+jXE EdFHIL, RS AFLA X=
P22 F 2ae 22k WEe 7hx dEeY nFAF U
Bl 55 o, vigg 7118 Ex AR{ 1o we g2 %
e HE dujdzel ofs) 713y BRG @A o), A7 19k 7139
E Atole] ZA= apolE 94 o=t dt.

Collection @ kmou



\

>

0

Fig. 14 Waveform of electromotive force E and current [

= =R+ 23
- J (2-3)
71 A, R= Zcos(9)

X=Zsin(0) ©|t}.

B, Rs g WEE WEAGOEA i WP Yol Woid
o gkol Aot A%

o
O
fu)

(%)
o
=
w2
8
o
o
=

=

o

=

E
ﬂllﬂl
Fﬂ
ol
oL
rr
N
AN
)
)

Collection @ kmou



ole] A7] o]FF 7 FH7] 7le= AT
o714 Rp, Cp= HWIEIE]S] ZFZHAEN(SoC, State of charge)e UEIE
710 Hoh

Electron transfer
control

diffusion
control

High Frequency Low Frequency
(5kHz ~ 1kHz) (0.1kHz ~ 1Hz)

Fig. 15 EIS impedance graph

Collection @ kmou



A3 A 9T WEy 54 SAAEH

3.1 st=9 9
Switch Control
H Relay R ]
— I N
= 2Level
o | == EIS or =
Power | _L- (Z,Rs,Rp 3Level
Supply [ T L
X -\ 3 Inverter
TN 1 (L 5orE)
ADC ——I
Conversion
Relay ON-OFF p— Compare I | fixed value

Microprocessor
(HiEee| AYHF 8% 5.4H HOo|Z2 H )

Fig. 16 Total system block diagram for measuring of
battery characteristics

Collection @ kmou



slolaZEEAA FoE THH,
el 9% 2R nw e Ard Aghe Z3ska glom, )

el 72t Ao EAZ BANES A9 29AF ol&dle] AT % 3

3.1.1. EIS 3= 4
EIS AW E AREste] wiE g oF @xbel FH<&sto] wiEele] A, A

#Fr=8t7] f8ked, MCUE &3t Fa45 243t SAHIZ2= MCU
of 93 SAHEHE=E AC AFE 53, Offsetst= == FHHTH

AC fr=3dzme 2AY Fo9 ARfdFE ddste 7lss otH,
AC 33 SAS 2, AC 29 HIZ, AC 29HAS g3t A9E A
3} Offset 3|22 A FH T

Fig. 172 9% T A7|2A wlo]AR IR AN E T4 54 Fa
o] AC A%S E=E(ADI37S] VOUT w@xtz)stt), A olH =
I6MHz= AR&st¥l &3 Ao F34+= 60mHz ~ 16MHz 'H ¢l i,
2MHzE A}831d 7.5mHz ~ 2MHz ¥ 97} ® T} Fig. 182 AD9837 4
A5 ARgste] wWFHE S WA= I RololH, FH A= VOUT

ol o},

Collection @ kmou



Offset
Circut R1

Waveform | Sinwave
Generator

T Battery +

Offset R4
Circut é _< Bat[ery ”
AGND

1

.

MCU

Current
Monitoring
Circuit

Fig. 17 The control block diagram of EIS impedance
measurement

3'—?—" \— COMP  VOUT (—{ Vac >
Y Y

+ . VDD AGND

N 25V FSYNK

DGND  SCLK

MCLK SDATA —sdata_» , ¥'o
AD9837

C

<_9837 CLK

DGND 3.3V

VDD O/FP — 9837 CLK >

— NC GND
ocs
DGND

Fig. 18 Waveform generator

Fig. 192 Offset 3|22 A AD9837°A VOUT ©AtoA ZEH AC
Agtel BITE 2914 st=5 OP AmpE ©] 83k Offset W3 Hist]
ZHANIE 7)5E 3k =3 wEHYER 2= IFAFE =

R

Collection @ kmou



st Al
Fig. 179 &%

Age Agse H, oE kol

b jo_t
lﬂi
E
ki
1
i

N
N
ofj
™
™
flm
ok
>
>
=il
it
B\
ol
ol
rlr
ofo
b
fu
>
ofo
ol
K
&
o
R
rlr
\

AT e
v
AGND
amp AC —M—r m—amp AC_ pAC >
op amp
Vv —w—ty " L BITZE
BITIE —w—

Fig. 19 Offset circuit

Collection @ kmou



3.1.2 93 g ElS 9992 SAZA=H 74

Fig. 20¢} 21&= o5 Hig g d9d= SZA2="o|t) Fig. 20 7]1&
o) A zFo|Y, Fig. 21 Aekd WHel SAA x| 7]E
e et 2YRES 112 242 A2ske] Agsty, 7 mE

o A3 #}e HERE FTF ARES o]&sty PCE AEFIH. At

e
oL
1>
flo
%
T
AU
=)
o

)
I
i,
\G
ol
ko
il

[o
o

AAG T shte] 24 ®

g7t Bold s g@e vfo] AR, FHEQ A%E Bol wHA
=k ARk wWhalo] 7iAF & AA o o] vlE g S
93 AAtew EA devHE =AY 7 Yu

Ao wla) o 15 A= A@F Ao vehyich

[>
o
o
»
ofo
=2

PC
Main Program

Data Integration
Module

ElIS Measurement
| ‘ ‘ ‘ Module & Battery

Fig. 20 EIS impedance measuring system using
existing method

Collection @ kmou



Multi Switching
Module

Fig. 21 EIS impedance measuring system using
proposed method

Fig. 22 EIS 374 325 BT doH, A= d4d wjeldE

27479 Fx W7 Beles F2S FYstd, F o mE2 A
Aol ARAA e eFdo2 24 47} ok

Collection @ kmou



Fig. 22 EIS impedance measuring circuit using proposed method
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(b) 3 level inverter
Fig. 23 Experimental board of 2-3 level
inverter
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