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(57) Abstract: Provided in the present application is a battery module, comprising n batteries, wherein n > 3, the n batteries being
stacked sequentially in the direction of thickness of the battery; m is defined as an integer of n/2, and the first battery and the m-th
battery satisfy at least one of the following conditions: al: the capacity of the m-th battery is greater than the capacity of the first battery;
b1: in the same state of charge, the open circuit voltage of the m-th battery is less than the open circuit voltage of the first battery; and
cl: in the same state of charge, the AC impedance of the m-th battery is less than the AC impedance of the first battery. Also provided in
the present application are an electrical apparatus using the battery module, and a method for assembling the battery module. By means
of the gradient arrangement, in the middle of the stacked battery module, the battery capacity is larger and the voltage and alternating
current impedance are lower such that, when the battery module is charged and discharged, the discharge rate, heat production, and

[ L& 5]



WO 2023/272519 AT {000 0000 2 O

ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, WS, ZA, ZM, ZW.

(84) IBEE (RN FIEY, ZRkEG—Fr {4t HhXx
f£3) : ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), EXIF (AM,
AZ, BY, KG, KZ, RU, TJ, TM), Ek¥ll (AL, AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU,
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SI SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

AEFRA T

— IS E b RIS (FAH2143)) .

charging voltage of the batteries in the middle are lower, thereby significantly improving the problem of the accelerated performance
degradation of the entire battery module caused by the internal battery temperature rise and overcharging and overdischarging.
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. FHTHRIEF ZIEF LTI,

TP, Wl 7, BIAHEPHGEANEE 12 9EE
Z_ 18 69 3 K % AEi# 2 (Crnax-Conin)/ Cinax<6%, 15 ZABAREG AN 12 2
] 69 282 K K ZAE 7 2 (Cinax-Crnin)/ Conax <6%0 ® M 12 89K E 5 VLA
BT 1] A — M E P IZ AR, MERERET 1 4G
F—MRHIE KR, WA EAER 12 ZRHEETRTUAAELET
. FHTHRIEF ZIEF LTI,
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F—%PF, 48 8 AT, ZHIEAANEIE 12 8B ZZ M6
B K ZAE % 2 (Conax-Conin)/ Conan 6%, A= FABAR G FAS 0 12 2 18] 89 28
B % K E AL R (Coax-Conin) Conae < 6% #3812 #9558 T WA &
BN M E G —MBHIE K, ARG SN 12 ZANEET
WA AAE LT, FRTARIEFLZIEF LT,

F—5%#p b, kel 8 AT, ARG R 12 9B EZ R K
£ A # 2 (Crnax-Conin)/ Cnax<6%, 12 IR 2 HHEF) TR A, 48AR 89 % A
Wl 12 Z RS TTUAF ZT, FHTRRIEF £S5
T A

TP P, B 12 RO AKET AR TR —HERET,
% KB AY TR R L],

TF—%B P, kel 6 T, #HIH5FIRNAANRE 12 9TF5%
W EZ )R K ZAEH A Vinae- Viin <10 MV, AEZARAR GG 5 N4 08 12
Z A G R R K 2B A Vi Vinin <I0mV. #3212 6977 5% &
ETTAA R LT 1] —MEFIRZHE K, MESHEEET ]I
49 P3RS 5 — MR ETAR ], ARAREY BN 12 Z R 6T R T AL
TUAAFET R, FHRTARIEFLZIESF LT,

T—%RAEM T, B 7R, FIAHFPIFARAEIL 12 6977 %
W EZ )R K ZAEH A Vinae- Viin <10 MV, AEZARAR GG 5 N4 08 12
Z A G R R K 2B A Vi Vinin <I0mV. #3212 6977 5% &
JEIT AR E R E T 1] 84— E R B E R, ERERET 1]
B & G — MR BTG K, HARE S AR 12 Z R AR R T AL
TUAAFET R, FHRTARIEFLZIESF LT,

F—%PF, 4eld 8 TR, ZHIEAANEI 12 89T BB /EZ
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] 69 R K ZAL %2 Vinax-Vimin <10 mV, £ EAARG AR 12 Z 18]
T BB ER K EEHL Vie-Vinin <10mV.e £ 12 69 5% & &
AAEEEET 1] 69— M E S —MBHIE R, MRS AR 122
AegF R ETRTANEZ T, FILTARIEF ZAEFLTR,

T—%P P, el 8 A, MARGIE I 12 49756 % EZ 18] 4y
KK EALH A V- Vinin <10 mV, A2 RFRE LHEP TR, A8AREY
ZAEE 12 Z M FREETRTUAAFZT, FRELRIES
ZAEF LT,

FT—5%R0F, €k 12 NEAPRERAKRLT AR TR —FERETF,
%W K BAY SR AR

T—%RAEMF, w6 R, FHIAHFPIFARAEIL 12 69 R
M4 Z 18] 69 3 K £ AE 3 2 (Rnax-Runin)/ R <25%, S A4 89 5 A&,
M 12 Z A 6 AR TR K Z AR R (Rmac-Rinin) /Ry <25%.0 ®.34 12
BRI T AAGREET 11 89— MEFHBHEL, MEHD
AT 11 G R G M Z HT ), ARATEY S AN E e 12 Z 18] &Y SR
MATETUAAEFZ T, FILTRARIEFZESF LT,

FT—5%apF, B 7R, HIAGHPIRGANEE 12 9R
FEL A Z 18] 89 3% K £ 48 7% 2 (Rmax-Rumnin) Rmax <25%, £ & ARAR 69 7 /A~
M 12 Z A 6 AR TR K Z AR R (Rmac-Rinin) /Ry <25%.0 ®.34 12
IR T AR G T 11 69— E PR AR, MEE®E
AT 11 6P G A — MR HTIE K, ABAREY B AN 12 Z 18] 6 SR
MATETUAAEFZ T, FILTRARIEFZESF LT,

T—%AE0 T, wE 8 AR, HIAWANEE 12 3R
18] 48 5% K E AL % 2 (Ruax-Ronin) Riax <25%, &£ ZABARE AL 12 2
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] & 2 AR AT R K 2 AR (Rinax-Romin )/ Rinax <25%. .7 12 69 3R TH
P AR E LT 11 —ME G —MFHIE K, ARG SRR
12 Z AR T TUAAFZ T, FTARIFF LS
T,

T—%#P P, el 9 Frae, MARGY R 12 69 AR 18 4y
K Z AL A (Rnax-Rinin)/Rinax < 25%, 12 R FR 2 FHE 7] T AR, A8 AR
B EAER 12 ZBEABRERTUAFZ TR, F TR
FEAEF LT,

B A 10 B4R, xS Ek 12 #ATH R AT,
Jst B AN 12 AT AR R, AR 12 6958 AT B R K
TR E ) —ANKE LA B (&R AEL) 8954 ()
4 SAN) B 12 A A ET 11, #mRAeksia 10 b5
ANl 11 eyl 12 69— Htk,

ERFE P AT (TP AR emn X $ Y Faib
BAY, X ATH X ANCRETERAE—ALET, YERTHEY
ANARRE) 6 S T AT B . IR, X AR T
fER—AEE, W B E T T A —F o# ey ).

st Ee4p] 1

HIRE— R, ER—HERET, WXL FEREE, I
P JESEE A 350 V-3.65 V., Bt bR 36 A6 F 1 ey ik
¥, ERNGRE T A, FNERE T T IR
FTEE G KAE, SRR ey TR R A TE ) a9 A

st re4p] 2

W F] — R ey, MXLEE, ZELEA 194 Ah~20.95
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Ah, P EBERERI6N6F 1 FH OB EET, EVELERE TG
&, HARIE AP IR EEATCEGMME, B3y
BE A TEE R KA

xFEe A7) 3

BBl —ogaG R, ER—HEREST, MALZAMER, K
AILFTEE A 17.0 mohm~22.0 mohm. Heit ¥ bia3 Ak 36 N~ 6 & 1
Fg T, SENERE T EEE, HFACEETE AL
AR B AR KAE, 3530w 6 R T A S A AR EL,

K 1:

BHEE] — Pk dy i, ER—FERET, MALFBELE, F
P JESEE A 350 V-3.65 V., Bt bR 36 A6 F 1 ey ik

2!
3

¥, Bk T B, AN AL LAY P A A TR W R
AR A ME, 3RE R Y TR R A e B a9 M K AR,
52 AP 2

PR — RGN, AR —HERET, MXLFRELE, F
U JETEEA 3.50 V~3.65 V. #t—F R LA B IEBAREETLE
%%2%,Bmﬁﬂm(Mﬂ&%hﬁ%%%&%ﬁmﬁﬂmwm@
IR MM R 3646 B 1 FHagweE T, Pkl 75 1) e
Ao HANEE TP AR AT IR A E QT E A ME, 383
WAy TR R A & 8 T 69 RAE
2 3645 3

PR — RGN, AR —HERET, MXLFRELE, F
W JETEEA 3.50 V~-3.58 V. #t—F R S AN MR AR EETLE
54 348, [3.50,3.55], (3.55,3.58]. &FF ¥ JEN[3.50,3.55]49 %

ﬁ-l
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PR E MM ER—E36AN6F 1 Rt T, SEEILREE T
M AR, AN RE TP RGFREENE §EEGOMIME,
S Ay TTEE R A & B T AR K AR

K315 4:

HIRE— R, ER—HERET, WXL FEREE, I
e ETLE A 3.50 V-3.65 Ve #t—F A B AR B IETCH
52 48, [3.50,3.60], (3.60,3.58]. T % ¥R H[3.50,3.60]4 & ik
PR AL R 36 A6 B 1 e r, WL R E T
Bo HARMETE P I HGTTREEAZ §TLEGHIME, 3530
WL A T K R A & B SO A9 AR RAE, AR 3R B 3R T 3 R AR R R
Ve
R 5

BRE —dokage e, MRAXLEE, ZEELEA 194 Ah~20.95
Ah, Btk 36 AEMAER 36 N6 # 1 FIEEET, ZEEELEF
Br@add, BN NI TP E T AEEGRKE, %3
W, g K A T 69 AR ME

KA 6:

BRE —dokage e, MRAXLEE, ZEELEA 194 Ah~20.95
Ah, #—FR S AR RZEREZSA 2 4[194, 2056], (20.56,
20.95], EEAEELEHN[19.4, 20.56]89 28 F Beik 36 L0810 m

%

36 /6 % 1 FHWE T KAk T A, HFAEEE T
g AR g K AT B AR KR, SRR Y B A T a9 R ME,
52 AP T

R —#k g, MEXEEE, ZECEA 194 Ah~20.95
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Ah, #—FR S AR RZEREZS A 2 4[194, 20.56), [20.56,

20.95], £ 8 T8 E #[20.56, 20.95]49 28 % Peik 36 L9 L H AR
36 N6 % 1 FFegmibtr, SHELREE TS, HENEEET
BRI BB AT R R KL, R e 5 T E AR ME,

)

% A7) 8:

ﬁ-}

BB — kbR, MXARE, ZETLAAN 194 Ah~20.95
Ah, #t—FFEZARLERBEZSH 2 A, [194, 20.18], (20.18,
21.34] £EBEEA[19.4, 20.18]8 &P dkik 36 A A K 6
Bl ERET, EELRERETEHEE, BANARELETHFIE
Mo K2 T E R KRR, SR3Rey BE T B A9 MES

K345 9:

BRE —dokage e, MRAXLEE, ZEELEA 194 Ah~20.95
Ah, #—F WS AN R BB EESA 2 A[194, 2056], (20.56,
20.95], EEEEFEEA[19.4, 20.56]4 8 Pk 36 L% b m K
36 A6 B 1 FHEEET, KWl e, HNREET
B AR B E A TR R KA, R 5 E A TEE g IME,
MK 33T B P BRR RIE Ko
£ 347 10:

HIRE — ke, AR —FHERET, MEAL AR, &
AMATEE A 17.0 mohm~22.0 mohm. #tit 36 09 #u20 F m% 36 /™ 6
Bl ERET, EELREREETEHELE, BARELETHFIE
A SR A T8 B A9 AR ME, 3530 W i 8 3R LA 7 T8 B 89 A KA.
E et 11:

BEE] —dR A, AR —HEIRET, MK AMR,

ﬁ-}

ﬁ-}
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FLPLATEE A 17.0 mohm~22.0 mohmo #— F ¥ 035 B8 37 L4 K /)
SR 2 4, [17.0, 21.25], (21.25, 22.0]. AR AMAREE H[17.0,
2125189 d b Peitt 36 B EILMER 36 N6 F 1 e LT, &
WIS R T . AN LAY SR A A AR A T Y
RME, 2R30 8 A AT A TR A9 R KA

k1P 12
WRE—Hok Rk, AR—FERET, MRLAMRK, X

AFIEE A 17.0 mohm~22.0 mohm. #t— & ¥ 5 B8 37 T4 K )

¥

S 24, [17.0, 204], (204, 22.0]. £ AT E H[17.0, 20.4]
B9 WP Peik 36 LA A FE R 36 A6 F 1 F a9 R et T, &bl
JB BTG B AN ML TG P R L SR TR A TR R A9 B M,
30, B AL A T8 A9 AR KB

k) 13
BBl —ogaG R, ER—HEREST, MALZAMER, K

AFIEE A 17.0 mohm~22.0 mohm. #t— & ¥ 5 B8 37 T4 K )

¥

SR 2 4, [17.0, 19.55], (19.55, 22.0]. £ & ikMATiEE H[17.0,
19.55149 . Beit 36 AR AL FE R 36 4~ 6 # 1 JFagd e, &
WIS R T . AN LAY SR A A AR A T Y
RME, 2R30 8 A AT A TR A9 R KA

£ 5] 14
BBl —doR e, AR —HERET, MXA A, L

AFIEE A 17.0 mohm~22.0 mohm. #t— & ¥ 5 B8 37 T4 K )

¥

S 24, [17.0, 19.55), [19.55, 22.0]. A AMIER H[19.55,
220189 P kit 36 AL LAFE R 366 F | FHRLE T, X b
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330 W, Y SR LA A T8 B A9 R KA.

MR HE A, R

o, ML 5 B8 3R ML K )

ARSI E A[17.0,

36 A MEERIOCA6H 1 gLk &

ﬁi{iﬁo -25:/\% /@Efimélj ‘:F"’LEEE/@Q}J )&/nuFﬂ-’bLj] MU E] )

FUARK BN o

WREZEEL TP E MG TFREERE, B

TIE,

Tk B E=" 5 R RAE-E 5 R IME.

EEMER= (B

TRAME-FERDME) /K

“L]g ‘?E /@Q/J )&mu Fﬂ«fm 7’7 MR @ él? #& kfé_ /(}\%JF é'] ‘:F ’L]g )&/nu Fﬂ

LR EAR LM

=R M.

AR MM 2 F= (R L MR KAE- R R /ME) /SR M

= ME.

R MK s B LR s ) e 3R A 15) 64 @ e 3 T4

A AT 40 A

o, 160 A X BLAEIRM K, TR EE ML TAT 5 ANVE IR o 3
IHBEWMRKEGLR, ARES® I TP i iEirmg % 600 B o
WA BRERFRE (R REE5AE R0 b{E),
EAR E AR BT e AR ST de T & 1 BT
1
FEE | REM | AR | PAHBEIREL | 600 B IR
WE/mMV | EFE/% Z£ &% ZAE3E/°C PR E/%
3¢ Eb A7) 1 15 / / 8~10 70~83
3¢ Eb 4] 2 / 8 / 8~11 71~83
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xF e Ap] 3 / / 29.5 8~10 70~82
FHp 1 15 / / 5~7 75~85
) 2 10 / / 5~6 80~85
4 3 5 / / 4.5~5 83~85
) 4 10 / / 5~5.5 83~85
S / 8 / 7~9 75~83
FHP) 6 / 6 / 6~7.5 80~85
g2 345 7 / 1.9 / 4.5~5 85
45 8 / 4 / 5~6 82~84
FHP 9 / 6 / 6~7 82~84
5 #47] 10 / / 29.5 6~9 75~83
g 11 / / 25 6~7 78~84
545 12 / / 20 5.5~6.5 80~84
S5 13 / / 15 5.5~5 83~85
515 14 / / 12.5 5.5~6 82~84
549 15 / / 25 5.5~6.5 82~84

AR < R ARER LA,

st bl 52 AP 1~4 Fastrb i) 1 ST 4m, EIBRE TR R,
T 250, R AN GG WA W LAY SR, TR R R KA
W AR, T AR Py aA, REBAKSE, &
IR A9 IR B e B IRRH RRANTLR, RS T —H M,

ST SEHA] 1~4 The, S E LA F B L EREIEH AL 10mV
AT, Tl — - KB, RSB RFE, w12
REXRREF,

SEECSE AR 2 Ao 4 T e, L TP A T A R A R 3R F)
FEROR RS, SR E T —HMRSHERERE,

S pb S AF] 5~9 Aaxt b ds) 2 T £n, RILRE T @Ak,
BE KGR LA IR, R A e T A
3R, ST UAMEAR R P 0B, RSMBIARFFFE, B E eI
REFERRIFRENTEE, ROV ELE T — M,

I
R
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St AP 5~9 TTom, LEEE T B EREREHAE 6% AT
B, TS — KR, RSBTRER, € ET—BHORSG
HRLEH.

St b SR AP 6 2 O T 4, L b ML T P LY I AR R E] 3R
ORI Ry, RET—HRORSERLEFE,

STEE R 3615) 10~15 Fasd b 3 T 4n, AILE K7 6 & B,
B3R ALK A A S TR 3, SR AR ) G A

W LAY RS, T ATEIR R P 3R IR, RSB RFE, K
Wl SRR B AR R AU E, e T — M,

S E ] 10~15 e, L wib¥ e R TR E R e H A
25% VAT B, ST — P IEKES, REBIFRFFE, €ET—K
HHRSHZELEE,

SHEL R M) 11 A= 15 7T 4n, S & 0038 70 @, 2 69 3R P 35 30
Bl BARR BN, RRETL BB KR L EE,

St EE 52 A4 13 Fo 4040 14 T 4, % @ 35T b 69 W 8 SR
FAZH A 20 mohm AT B, ©E T —HMEORGERLEE,

ST R AP 1~15 T 4n, 56 @002 70 69 & oy Fr 35 & R i
— R EME, LR —HHORSARERE,

EXH, BRRHERET AT FEAREET Ko 122, K4
P EBRARRBER, ERBH AT IFOLRGKALT, LT
AST Ko i 69 BAR 36 7 KAE S AL LA, X T £ fodf AR %
RS IEPTIR AT E N,
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oA B K P

1. —Frd e, a3 n ANk, n>3, ATk n MG HTAE
Mty BT R RRE, RAFEAET,

I m A2 HRERK, 1 Bikfed m waiH LT &4 P
HES A

al: TAF m LN BEEXRTHASE | LT,

bl: R —FHERET, TEFEF m G FELEDTHAE 1
W, 8 TR R

cl: AR—RMERET, A S m €y AR TIES 1
LRI R L

2. de AR | TR ay i, R AET, AR —FERE
T, TR E m ©TFEELENTHAS | ©EGTFREE,

3. de A H K 2 ik ey ki, HBEAET, MEF m Bl
MERERTHES | RO EE,

4, e A EK 1 ARG, KRS EET, 2L p A m?2 8
BES, n=>5, BT E 1wk, % pebfidf mwi@m U T R
ey E S —A

a2: TARH p LN EERTHAS | R ETLNTFHAS
m ey K=

b2: ER—HERET, k% p bty FREENTFHES
Wy IT SR E B KT AR m ey T E/E;

c2: ER—HERET, LS p R A D TAES 1
L) SR KT AR % m £y 3R M.

5. e A RK 1 Prikeg it HAEET, EF | £k
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A SE M EEBHELUATEHFPHE S —A:

ad: FHUAMAEF M BT ALENERERTEZENALAS m B
b B4 BT 3 W, b 6Y 75 s

b3: AR —FERET, FLEHMES m €L HT LR T E
FENTZBAS m G ITAL LG TR EE;

C3: AR —HERAET, THAAEFE m B eh ik & bey 3 am
Foo T B AT S m a9 BT R M8 SR AR

6. B A EK 1 TR LA, ARIEAET, EFEF 1 &
MENTA S swEP, RERKMEA Chax, 22 AEH Coin, (Cnax-

Cmin)/CmaX\ 6 A),
L =2 B, n>3; K
L =3 B, n>7; K

% s=4 B, n>9,

7. de A E R TRyt AREET, AR —HERE
F, EAE I RRBTAEE s wF, FREERKEN Vi, 7
R ERAMEA Viin, Vinax-Vinin <10 mV,

L =2 B, n>3; K
L =3 B, n>7; K

% s=4 B, n>9,

8. de A BK 1 ARG E A, AREAET, AR —HERE
F, ARSI BB RS s P, AR EKRAN Ruee, X
AR AMEA Ruin, (Rmax-Rumin)/Rimax <25%,

L =2 B, n>3; K
L =3 B, n>7; K
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Y s=4 B, n>9,

9. deR A EK 1 ATk ay R iim, LA T, IRFTEREA
25% % 80%.

10, 4 AL Al K 1 Pk by jtidn, HMIEAE T, ATAERR
AT & EF T 20 mohms,

11, deil A 2K 1 Frf ey Em, AREAET, MRV REE
ek, T R R AR O FE R,

12, —METEE, GFEAER] £ 11 FE—TENE
AL

13 do Al R K 12 Ry TRE, AT, TACTRE
QG2 THEL R EE T T HTREN S ANTAE L
A, AT S ANd AR 2 JA) 9 ER S IF R

14, —A A B AR Tk, HAFEET, EUT ¥ %

B S1: 3 n ANREEITAN, n>3, FITFE n ANATEE LA
TFEALBFHE S —A: ARG RS, AR —H LIRS T
KM TFE R, AR — 7 EARET 6P E €69 SR AT s

TR S AT YR E T E Lk, n AN RT3 B IR
H, MIRTAEEEAEL, 2 mAn2 WIREY, FloebiFFmb
MHEE AT HEFE S —A

al: T F m WA AT K THAEF | £y 5 &,

bl: AR —FERET, FTH m R TFHEELENTHES 1
LAY TE R R

cl: AR —FERET, LS m €A D THAES 1
8 SR AT
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