dHUtelg| 2Askstel =24 2019.11.22

AAA A E 7|4k Hotelling t>& o]£3}
43 e o) g©x] 7|y 4
].lﬂ o:]* H]—/\-] 0*’ =] i;—’—**, nNEZ”
doista, Ay dYEY”
Study on the abnormal detection method of high energy battery pack using
Hotelling t?> based health indicator

Pyeong-Yeon Lee®, Seongyun Park®, Ho-yong Jeong™, Jonghoon Kim"
Chungnam National University”, Hyundai electric™

ABSTRACT dolelE &§3te ol A% A 7IHe AdFshirh
o L1 X A AA| ~¥ll(Energy storage system; ESS)e] #FA|7F 2. A8M Xx MES 9T MI|H EM AH
S&ol we) e B4, sletd oz wge] R dEde
weo]l dojum njejglel Wr)stety EAJo] depxltt o]g] 2.1 Dol x| vje2] e MIN EM AH
EA4S wgdd wjele] Mo $-go] Hash, kg ola 7] aol ] wige] He] date] wE Ar)d EA4S gels]
7 AREs7] SlE e @ gy A 7 B Es wedo] Qe 24S1Po) wiElE] He Aehal, 97] %9 S A
sttt shA|Rh wlEE] Ho) wdz A 7F Berdo] WA A 2 7] 98l dedHA s H6nz At mEe Ao d
o zAA A Ao w3rE wdsls AL o) o] 312 3elsly] a8 A7|A B AL cycle life testz 4
3 ol = wiEel =Ewtk ollel A Ao w3lE ditely) 0y 19 =2 Yz A4S FPstArt 44 Cratedd
el AAA A E(Health indicator)Z AMESeh 274 A 52 1/3CE #gslo] whE3} whdo] wiEEm & 200 cycled] 7]
A}g-5te] Hotelling t© EA%S 2g3to] wlEge] o4 A3 A B4 A8 FPatArt oo T FHAd A AMA AE
Bx 2 st g A&,
= :
1. ME 1o
=N N\ i
HEole WEYE e oux WE G b, 9 £
o] 71 FAol gom, T Ad L oA Aol wAZA, T
A7 A2 HElectric  vehicle; EV), ol YA A2 (Energy . ” 4
storage system; ESS), &%, 3¢ chokat Hopo] ALgHm “ -
Atk ouA] AFE o A7)7F 8o 2ol wat Fr)7r ~
A Thse AE 2 gE 2FoR o]|Foji u&F wHE § .
o] Apge] Frkstal ek HHE%/H AT ALgo] W o 3
3ol 3t 27} Zolxa dom, olo wel HiEelee] A .50 - - - ‘ -
T Aae A Fus) AgEn Aok oA A TR Y e Y e
9 o miEErt Fd 2 g xgor AAoglon
13 2 As Asrr AVE, 2 FA blg 2 kdo] A 3%' 1871 %zi} Als] E;ﬂ}%‘
7k glo] wiEl® ¥l %A (battery management system; Fig. 1 Cycle Tife test profile
BMS) <] ‘?'SJ Rnrol PHM(prognostics and health manag 00 MIE wal A J|ut ANAM X E A-Ugl
ement) o] ZFowr} Zrbela Ak wiEEe Ase A9 >
5 3 = : 5 B R x)e] 7144 A E(health indicator):= = B
371 98] =24 e (state of charge; SOC), &3} A (state & = 9 Amem dewo. see 6401]/\1 C e a
of health; SOH) 7} A}&x1 9on E3 SOHE HjE @< T T ORT = A E EA A
- Atol o] AIZHE AAA A TR ARRSIT AN B 7ol A
B4 Asts FH3= e 2A7Z AHEETh - e ", 3 . 5
SO A EH_‘—}_X']O}—;_ HC}Z—]‘Q.EL LH-‘?L Xﬂlﬁlﬁ %E_jg—j 7@9]‘5:} '1"0]'7}' }—EOIE}-——L tﬂg}'7}—] D} ]—74;8_}\0 X]_%_T___ /H_E](‘s?_ T
= = o w 2= o =
- M#U% ol Za Aol o] Hah mz melolA: 374 AE g #te vEd F 60 CC(constant ~current),
S CV(constant voltage) =%l /\1 LS AEeEte] AEA AR
2 A& o]l %ol glo] w3lE <l AHE AdssE A 2 A3 SA|uh o)) WMo AA o] Za] A o] Mol A whit
° gl g = R
A ]L(health indicator)©] 1¢7} 2hats] Aeysa 9okl °croe e =
= e o oA wE7A] SAY WdE 8 okttt dds /A
A4 ﬂ*% Ao uigh s Fdsie] dks dd - _
7]_1: NN 0}010111 Hotellin TZ; 5_3“ HHE'IQA ] H 9/]\]:} —E\_‘j? *}‘“%oﬂ}\ ‘E‘ T'O:%‘ %?_] 01““1]71] V‘:‘oﬂ}‘i }\}%é Zl:
s¥a ad £ © Q=% Ay Axe Aosuth AMA Axe 54 A9
TS 7ﬂ@% 1S Ak, oA wlEe #He| o) v B v

-76 -



=3
[
oo
of
o
it

Lo
s
i)
=2

oo AE vAY gejant ma g " ‘

Qelar] 13 WA A% 0IVE throl vla Sere AEs s ————
Auk ol W gle] ARAL 2 A% doie AAs .

3 ABEAE Yl A9 AR BEAS Fuss] 9l S

gholth. g 20] AVEAS UEhith wd gy by A S T
B 2 AY AL 36 ~ 37Vl o] dAS AAA A :
T2 A F dAe AdA A EE OCV(Open circuit e

Voltage) Qia&o]u]- EI_Z SOCoﬂH OCVJ §]lﬂ_ak0 kel [} 50 c;ocl; 150 200
92 we] OCV 3RFoz Aojdh weles}l wslste] uet @

wEg A= g2z o o)A (intercalation) ¥ °k°l Eas 2

_}J\_—a‘]-tq, O]—‘:‘_‘_— }J_.‘il_ﬂ HHE%E]E }\]._Q_ /\] E]'EF"] ]}I—_ \;Yl 1__ J+ | | - Pam‘alchﬂrgedcapacityl
o] W&ol ofzlaty] wjiol wiEEe] &&o] WolHE owE

N
-

j=a=1 =20

o} e wjE RSty Ay g jE ABe 2oz o % \\\__
=19
FolA7] wgdl AzE At BvdE dedor uwrt Ha -

sk Az AG Birgel AW wEe FHel a7

17 -
&atun 3dn el 9ele] vk o]HE o] f-= iH
g Yy Ao AN ANFE AEIIET AxAd AEE * 50 100 150 200
AAR 271 AxE 19 3¢ dehldon, o 4= g —a
G Y A4S A4 AEE debarh oee o) s ®
0.16
of met 7k el Ao A Axvh v ghE A e
o, wiE ] @ gy wsle) FEr) vgEe ondith e
a3 49 (b wige] 9 fF g Ao o d4S <l | ”'““'*...._,,
-] -qssw El
3 4 ok 24709 e A Z 11¥ Aol 131¥A cyclei-E -4 T et
£
OCVe 3Ezko] 71t whidboA whe] A Ao stz =042
01V oA} Aol7} &S Eelstrt wieg] oM k-9
A BHES TUE o] shsdh A ko, o) BXE 93 010 = = i 2
AAZMAE ALE 75 Aoz FoHET Cycle
(c)

@ Correlation Matrix mcu:rz}an’nn Matrix e
vl P Lol [ Te e Tw 2l =
e oo I T P B oy ey S Ry A i %

(3.3-3.4V) 55 3 P - st £ D = =y 7

Partial  ° [ 0. X ¥ 046 0. *

Capacity [ -~ -d [y, . ™ e

(3.4—3:5\1) B 2 | g g;e o 4 g_*

ey, R ey - e B L

(3.5-3.6V) ~ |- - Ao o

Partial  *[oss |03 92 0T e 091 o s ost X L

o Ny T ) U e e e L. i

Partial 19| 092 Ye: L e 071 & 091 g 091 “toss 054 gy i AE—— = " 1 L g :

(r},:;pzcx) :5 } "'?\\\7- "- ,? . M Illlh_ f‘ 1 # = u:;‘w‘;m ) e = 213 01 81t oas 015

o "l NN [P | | [ [ s

Partial 15 (077 g fa e 067 “Jors g Aoss - o.aa e 043

e Fll e N ML A -||||h E a2 3 MEE AMM X|EQ} AR BAM AD} (g) WM 2

el e WL S WI" S i e S g Ilt 2 (b) 0|22, (c) 00V 312, (d) AREA

e e G2 & & 7 % & St o e e Fig. 3 Health indicator and correlation analySls, (a)
Py o G Ciw i Caw Ciaw Gl caun Discharged capacity, (b) Partial capacity, (c)

(33-34Y) (34-35V) (35-36V) (36-37V) (37-38V) (38-39V) [(35-4.0V) (4.0~4.1V) 0CV recovery ( d) Correlation analysis

a7 2 MY 5 s 8%

Fig. 2 Partial capacity by voltage range

3. Hotelling 7?2 = g3t o| A+ EtX|

Capacity (Ah)

3.1 ™A X & 7|6k o| AHEtX| S I8 Hotelling T

Hotelling T°& this %7 Wby 5 shU=A, g 5
| 718 FEehe MsEe] AR B AR A1 3
S 79 Aol ML sl AN ZAHE T
WSFES FA0 ngate] o3 %S wdsle Wolrh

X

J8 4 Hief2|™ of M7Fold 8% 2 00V SIS
Fig. 4 Partial capacity and OCV recovery among cells
in battery pack.

-77 -



025 - -
----- Signal
2=0.01
oz} a=0.05 [
£ 015
A
E
]
& 01} F
i i
i .i.i i
0.05 i | 3 il
FL P | ’%" ;'
Piee N, b 8
0 TP A b il
1} 50 100 150 200
Cycle
() ©9] 4 59
03
————— Signal
a=0.01
025 . a=0.05|
]
g 02 i
2
g
& 015
o
L
01
005
-
0 i
0
Cycle
A
9 A 119 (o] E)
025 .
————— Signal
a=0.01
o2t a=0.05 [
8 i
2 15t !i
s q
2 L
a HI |
S o1 HE P
i
HE 1
i 1ok
005+ ' F
g .:.,",‘;',-_’ ¥y
he :
IR

200

Cycle

(c) &gl 4 199

O 5 HiE{2|T LfE o|Ab hel M HCH (Hotelling T?)
Fig. 5 Determination of abnormal unit cell in the
battery pack (Hotelling T%)

_]___% o] [-]]o]Ei _?}1_9,] _E_)\ oﬂ}\-"l 04[1}1,]- mO}Xﬂ o]&;;(] Z;(é

1‘4-

o] i, %7abﬁ
[e)

control limit; UCL

k. A (D9 T2 BAHE AEste] EYE

(D} 2ol Yepd 4 glom. Wy 7+ A
U}GLE]- =H] 2~ A2](Mahalanobis distance)2}

4 SAZOl *&nﬂﬁ&ﬂlﬁ% %71] e ol

omzity A (2= )3}6‘]» 5&?‘4 1A A (upper

=) 2~
& s Son

N

o AU AAGAMRG 2 A ol 4z B, P F

at feree denr

7% = (2;,—2)"S Y2, —2) (1
. p(m+l)(m—1)
UCL= —m(m ) o pam—p (2)
E\% ‘2_“‘;’—_—01]}\1

£ aoluA e oM A4e 2749 AA
tal Hotelling T2 EAI%S #83lo] 4ot &

-78-

)
2
o

He #@E oA R J&%o} Atk Hotelling T2 &
S A gAML @=005v AT B%, a 001
9%z Hol=Th wiE e LH‘I‘ 9l Aol gk A
o o &AE s, 17 b WEhhodth
59] (a)= 7 delel &S] ddxe] T2 EASE v
, 2k UCLel e} o) Aejs wxsith whe) 4 11

v g3 OCV 3]&2ek9] cycled #a7l 89 9v)s}
-]/\O?J L]—H /HI [HH] T2 Ezﬂako] = ;(}o] H]_O]r/]_ t\:g}_
T2 BA%e Zsa Q= AFS moln, 23 o pe
cycle®] =3} Aol FHPATIH AFFE7E 9% Ho] o
AHEA FaEe Rl Bold Aor dddrh w9
199 2277 %% o Felg w0l A9l
wol ol AV, AF 77 99%eh, AA) Az wd
F Ak olel® olfz MEHe] H4 Wi fo) HEe
%

i e T R R U A )

rlo_EnS‘ioiﬂoS:‘.rst
y HE
—— N
mr*ozd

e n T 0?~ Fl

>

Z2e

A AR A9l s e ) Gel g

Argatel wiElz) @ e opel Uy whs) Ao o
Gt w, A0 ALE ABdte] e Al
FAays 98] S8 Hotelling T 438 485500,
o) B4 W AAE o FE(e)e] Hhe] B
£ moluA wEe B2 gl Aloke

O, oo ox,

sicfla E2johol XA A el of7H|E X8l

[1] Huixing Meng et. Al, “A review on prognostics and
health management (PHM) methods of lithium ion
batteries,” Renewable and Sustainable Energy Review,
Col. 116, 109405, 2019

[2] Seyed Mohammad Rezvanizaniani et Al, "Review and
recent advances in battery health monitoring and
prognostics technologies for electric vehicle (EV) safety
and mobility,” Journal of Power Source, Vol. 256, pp.
110-124, 2014, June.

[3] Seyed Mohammad Rezvanizaniani et Al "Review and
recent advances in battery health monitoring and
prognostics technologies for electric vehicle (EV) safety
and mobility”, Journal of Power Source, Vol. 321, pp.
1-10, 2016, June.

[4] Yongquan Sunet et Al, “Remaining useful life prediction
for lithium-ion batteries based on an integrated health
indicator,” Microelectronics Reliability, pp. 1189-1194,
2018, September.

[5] Dong Zhou et Al, “On-Line Remaining Useful Life
Prediction of Lithium-Ion Batteries Based on the
Optimized Gray Model GM(1,1),” Batteries, 3(3), 2017.



