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Abstract

Energy storage equipment BMS was one of the most important equipments in the system of UPS
system of the tethered aerostat. Because of its applicant environment and high reliability design-
ing requirements, there were many technical difficulties. According to the requirements of the
special power supply equipment technology of the tethered aerostat, the BMS for energy storage
equipment was developed, using NXP master control chip and LAPIS communication chip as the
core hardware architecture. And the control software was developed independently. By fully func-
tional and environmental tests, the high density energy storage equipment which the BMS was
fully independent developed in tethered aerostat has being used on line more than 2 years. The
various functions of the BMS like online charge/discharge, uninterruptible power supply met the
design requirements.
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1. 5|8

BB H#r B R R R, it R 88 KM 10 BMS BOARTH I 45 0k, S B ith i A B2
FE L A SRS T O RRE R, XTI FE RS T R ESR, KR AR Wi R
BRI R I VB, MRS el SR g AR RS LR BARSE, WES
Hyth B 3 R SR ThBE R RE A R PhAR . B REALE FR I A B R A B AR R R T T

AT IR GO PR T R EIF S 2 IR E R 5. MRS REIF A D) [1-[9]H ¥ TAERSES
NERESHLTE 1000~1500 m 25, FH i R AE BIRAS I AL B R G AR HE L T RE IR . i “mRE R
FEV mASER . KHmA . ST EErE. AEBH” PR ER, ‘s REETHREEANER
KA E R 18650 —Judl HIBAE N R AN I & I g RE 3 o5 . FLAIR R4 AU (EIRRRIRIA B
KA P AR B B 25 d e 0 = oA LY, R THIA 180 MUBA R B it 4 A 6 £R 30 0 FRLVBAH s = CRRLAS R,
BBCBAE N 1.5, RO HBTIE 120 As AREAL R ETE, ERERE & A4 T 28 V UK BRAC
REZE b, 7E 5 s i B R AN 2 ST HL PR A 0 T e N DA AR B v 25 2 AN TR BT 1) L BB R 45 (1 2)).

DL it B 2% 2 H R AR 0 oA B8 B R 4t (Battery Manage System, BMS) Al 7 K LA F AR M &
[10][11][12] [13]:

1) %Ak AESE % 10 SE RS F PR BEZENE IR 1000~4000 m 22 8], & 2K EAGIR IR EE 5K 1 BMS HLER O
5 Al o O AR R AR T RS R B 2405 2) SR = e A A B BE O AE R R RE S A R
&, (HETEOMENGIRE S, TERThE IS O m iR A I 5 K AR g, 5180 K. BRI
i A B 22 4y 3) R 2 A RN FEANE ) 18650 FELI AT LAZE — & FE R s /b s K s, (2%
AN HR I B 2 R P FL T LA 22 IR IE R 78 A8 FL S S RO — B IR T AR 22, BRI L 2 PACK. T2 A3,
T R R RO A R B AR, R F A Ay, ERPROR T A RS AR, 4) HEmAH
Gy RiE RS = R0 W S/ 0 IS S A 1 S RSS2 1 A NPT E Y 50 NI o s P73
JEMT B, SRR, FE R H it kg A AR B R S (R R & . FIBCR . RS E5)1 8
ST e, DL BB R R IF S A AR 4 BMS Wit T DU N HORME SR 1) BER
GUINIEIE N, BMS HLES R o R 7 AT s RS IR vk, kL4 B AT ISR AARIR BUR TR 2)
PRH AR B, SIS & PACK 3B A7 (R B R AR RS B, A RO WS O o B (1R B
RAS,  Hem s ARERAS I B BRI RS, OB IR U AT RE AT 3) 5l N HUS BRI AT,
DA /MR B (1 07 20, P22 4 TARRI RT3 T, @ 0se vk ot ARS8 i 14 s 4) SR A SR 00T 34,
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Figure 1. Dongguan Yunduan mooring aerostat
I. RERIHhSHREF=H

MRS LB BORER, 0 i I0 2 B 2 i BE e 7% BMS #EAT 100, SR NXP/Freescale =420t v #ll
LAPIS S R O O BEIF 280 . 2278 0 DI REANIA BTG, BMS B WA I v P A e 3 & A2 P I
FEE G LREM AR 2 4, ELFRHG AN E B R AR R T D RE T 2 WK .

2. fikgER& BMS Wit

HURE R BFE A AR RGN 2 PR, IZHRER %10 BMS, dism AR M19g i i > 4R 7E
BEFBETHIT I, 0 PR R E A S R R R, FEBER, B O TR (KRR TR RE BMS
BOFi . D) ARIBARESAET T, BMS IBGAE DS BRI BT X AEOR, REMEL T, BMS A
HUARCR AR, BMS WBTER S M BLR LR EE, DI oA L 25 e a 2 it R, #h
LR T Y B i R A s 2) RIS Jo s R R r AR RE A RO, UL 7R 8 G R A S N 4%
I AR o

2.1. £8E BMS 3BE %t

BMS 5& 8K T DC/DC 7 B | B S A fl o B AR R, FH A 35 i B 26 48 10 R | U 78 i R
SR N 7R s d] . (AR A ER 260 V HG R L, A EGARELMH, SR E
W, RAOREREGE. TR ERM S EBERA, B EERAN BRI S R iR
W, SRR TS RS, DRI B B AN b R 2R [R] 58 BRR oA, B SR ERA 2 M A ZH
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Figure 2. Energy storage equipment system of low and middle altitude tethered aerostat

E 2. pR=EFRBFEHMEERERS

FupA] DC/DC B 78 AR ELHEHERERAE 26 V HIRLBEZL |, 40 DC500W (25.2 V/19.8 A), 16~32V
EHEHIN, 25.2 V/19.8 A PRSI, ATARYE B I RS B TS R . Y. DC/DC 7 N
PR LI, 2 i v 4 o L R T 25 V IR 19.8 A KR 7S L, A AL R & T 25 V I, SKRATER
FoHL, EE 19.8 A BRI/ E] 0, (A AL OSSN E] 25.2 Vo FE R AR S B ERR EAN, 5
B ERAN B2 7 H 5 ER BEZR b2 1], P F4aihil st 5 BEZR (V) SB AN OCWT, & H 5 M IRFB3077 T
MOSFET FFERZH R, A MOSFET i@k i K HIAA 210 A, A EROK 75 VI HL R 3EAT A 2T,
FiHMFE S AL 0.005 mQ HELFH IS B NG HRSLER, e ) R v BEL g s F R SR LR R AR

2.2. £k BMS §58i%it

FHHE A BMS (R GER Sy, SR A A E, bt W 3 FoR, BMS 555
B4y H I A A R S R . RS485/RS422 H LIS M, b A A B DL R A B e 2%
HE, AT REMEMARE. B, iR, Soi R mib i TIERES I b B %5
FEEIREARI)) 2 A TE TR SR, BMS 55 B/ B0 6~16 R (1) 18650 Ha it ik 478 H 7 3

55 FEL 4 AL L B L 2% DC/DC H R G455 - T1 TPS54360, ¥4 WL A EIR BIE, Sidfaki
B LA R4 5V AR FL R 25 A 55 R ASEHR A o LA PR AR 9 Y LY R SN (4.5 V~60 V),
B ) BRI AT E FEl (100 kHz~2.5 MHz) F AP i HE O 0% . By ks b i v o s S 80e 5%, 9F
H IS AR FE IR/, A b, RIUbX 6~16 H (0 r ity R ECH A 3 8 Bl AT o8 gt
o

F8 R NXP MC9S08DZ60 5 1, 2 55 HLHE 73 BIAZ L FR TG 2 — o FE 2L DI RE A2 HOHs Ab BEF0 ) 1
SOC 15, [ FAkEshTE 4 m bR EEdE, DL A8 b 3 iR B AT R AR . v 1 2 g 4k )
AR, BMS 595050 A B 7 PR P 2% o DRI 1) R R ASE0L Pl Y052 R4 9B 0.1 wF P&
55 FLY L) i AT 7 O 7E BMS 55 7 22 B 4 MU0 HHEREAR/R AT, SRR M i (ks RS0 B %,
EE S LB RAS
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Figure 3. BMS hardware of energy storage equipment

& 3. fi5gest& BMS @RS

VI O B AR F (1) 2 LAPIS ML5238 RAIEF, 2S00 — %0 HIot. EEIIREZ
M RO SRR, o s, ORI DU B30 T @G, AT FiETE4S . mIhEEES AW
B NMOS W5, 7etisfldm kSR8 4)E, B #E4 S5 N FET REGISTER 77 {7 4
e M T S BT A E b 7S T E A

H R AR B Ry A 8 B, S TR N E A R CRSE A/D R, AR A TR DG H i e
S 1 P P o B R R S LB RAE 3 F ) Vimon Register ZF 7288, SRANEE 45 mV. HJE A
Hed it s 2, R A Ja sk WA rE v ) TAEIRAS, 456 BMS B30 43 AT DASIZ I X481 A v B 4 H s g ik
JEAIR RS AT R

FUR AR ) TAE BB . A st i HUE R N B A/D FHitsisl, 7EH R EAE 5 MOIFRE
(] 2512R0005 M5 F TR B3, AR AL BELAS I FHAE 9 0.005 Q, FHFBEJE HUBHAE A Ry = 0.001 Q. LIV
FEPH AR, JE R W PH A u g, e S & HmAE A N

I, — Yo 100067, (M

st
st

o L R, Vi NRAEHE, G NNE A/D Hithas, nI7E[1, 100]p9 R G HUE L7 (81 & .

TR th NTC IREZHR L, S8 BRI/ 4B NTC i R, A& FEFH R, OF25 FLFH)
RN R R LR, WSS B R Ve S0 43 Hw] LA B — A B R B Bl AR IR A AR A 1T
AACHIEE, I AR N E R ADC BEHCRAE Ry ArAEas b, XS R ORI SO NTC HBE
FIRAN, BUAHRLIR AR o SRAEBIH HLEAB Ve F1 NTC HLFEAA Bk RFIE XN

R
Vadc = I/'ref Xm (2)

R FE G IR ZNR G T S EREE Ve ZEBXRRR, WA 4 Frox, RERHHE

AL T LA SE 2 AT IR RS .
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Figure 4. The relationship between measured voltage and temperature
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Figure 5. Temperature sensor position

5. mEfRRSEME

PRS0 73 SR F R B s S TR N O 1 24, FRBR AT BR, RRUAS UK. 7 H e BRI — il
S3i BRI 5¢ MOS 45 4 3 i e s I B R BR300 th 48 s, R S AT . 4
SRAE BN B S LRV ax FHERAK L i Y A2 <

V..~V >100mV 3)

P FEL T B P e P S P I B IR MOS M S, FRRZ T S R, AR S A
o YT A B, M7 R AN RCR A B, AT KN RS RERBFE R, S B
RORAR . BeAb Bt 2 HIR T N 50~100 mA; Wit HLM R = L Vi 9 4.3V, BAKHLE Vi 9 2.8V,
TEFC HIN IIHGIT IR, 0 R BE Ren B BN FELTB AR 55 B8 978, BRI AT
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snt

g3 4)
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AT G FERE R, W aRiE SRR P TIEE), BERIRE B3O REA I, A R30S =L R E
=, BEGE RIR 2, T & R R T

3. &HE BMS #Higit

MRS 2 B I A i R A AR BT 5 T, BT I 7 IRIR S IR PR 5T 2 g BMS [ AR 4K
PRI : 1) 58 7RI AR 5 W IR W MG IR AR R R 2 0, RS S T e 4L
BEATIBIE: 2) AERAF bR A BRSBTS AR P RE SR IO G4 1L T B R e L R R 1T
7R R R AL PR o

3.1. B

K 6 Fron sy BMS BAHZ I, BMS BAFRI B H B2 e B M RE S & i R 4E, SEBliib )k
R MR, b RS ST, B 4, Wi /e, 5 EAHLEEDIRE. BMS 3K
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Figure 6. Software logic diagram
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BMS B AF e AT RGWIIAG: AR5 FE A E R, BN DIRERL DRI a6 4 DAL B AR P 1Y)
PIUEA . WA R SR e I 38 SMEEDEAE B SPT WIgafk. fE6E%F. A/D B, & HIEfE SCIL
SEe AR INIE VI Rl e 8e R VAR S b 2Tk KL RSP S R =R ) e ISR SN S s
FIHI BT IR L s s R AR P O AP R BRTBEAE A 55 b R4 B REBRME. it
TN RS TR AR W] DA BMS Hf S BEAT AR LB, DA R SR s iRz g . 35 — RS Hlia1E
AT HHREIRESFIE, I E NS A8 o X5 AR E A CREEE3E, WA T RE Rt A
tr, A, FAE S PR 77 R 2 RS D, BT IR . R BT Se R IR [P
PREEI . BRI ANk SR PRI, SERR R G TS5

3.2. iR

A N R TR SEEILAG, R R BR TR R B A S I WA R A T R A . X
TR R G 5 MC9S08DZ60 [ Wik e 2 i 1 Fiim.

Table 1. Interruption priority

= 1. PELER

ol ALt R EUEE)
DOG/BDM/4ME I 1
TPM 2
SPI 3
SCI 4
S 1 5
ADC 6

EREFP R M B2 E I T W A BTk, R R W R, SE RN RIS . TR IBT R BL S, R
FEORAEHE . IR, HUUE, BEMCIRAFE, EH] FET X s it s8I T oG i), 4 i i A e T
Mt istl, Rkl R AR SOC MIfHE . RIUA LAHLREER MK Db WnEs, EAHLEL
MODBUS O8RS, 87 AU IR I LU, BRI A7 a8 (0 2 IR, IR [0l & A7 AL,
FEHE N A SEE LIRS o SR B SO P SCRFER GRS A8 P IR, AR SO RHME I A A2 s Th A0 a1k
BOE IS TR, 8 TARIE A R A A AR R AZ 2l B R BRAE

3.3. ##%l5 soc HE

e A AE I BEER b, R BT AT, e i IR L. 3R 2 PR N HIb AR
M2, e A . A R R G DA S H vt AR A A T A ], o AR A e PR e R
ATHEm, ARl AR 0 52 21 B 8 1E N I AR R s

Forb e ARl 7 e R o) E R A R R R s R FR I A IR R D G REZR I L R Y R
I R4 T B s e R I 42 1) A AR A1 i 2 46 1) S B A8 FH PR B3 0 72 F—10°C~50°C I GRA M FLith
o167 2 fift ke P R P K A TR AT B

F AT IR AS[13] [14] [15] [16] (State of Charge, SOC) i 542 24 wij B WA 7T FUME i 2 — o ASZ AN
SEMIPERI A RS, fRESE A SOC THECR AL 3 Bl 5. X Mt AT 22 X 78 JEOHRAS 21 H b 70 735 P R
Bk, ARG FCTCR AR 2, 45 & F vth i vl HKE R LR 0 3 B, 0 b AT A F PR Y R 22 i R 4y
% SOC %, <3, ¥ 7 FiR.
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Table 2. Battery control table
7= 2. BIhARITHIR

LMUEERE RS

i A e PR el i B
A 425V 70 HL IR
T e 295V GPN ]
7o T R 40A 7o HL R
)} GERVAEER 200 A LR
G -10C 7o LR
iR -20°C Fo B G
[ 50°C 7o HLR M
e 60°C FEIBCHE R
I35 100 mV 7o HARA T
Table 3. Estimation of 3-stage SOC
# 3.3 B soC hE
3 B3 SOC fhis
SOC/% 7 LU LR/ V JRCHL 3 L/ V it 575
100 (+00, 25.2] (+o0, 24.8] bR
(100, 85] (25.2,23.4] (24.8,23.0] kg
(85, 15] (23.4,20.8] (23.0,20.4] 2R
(15, 0) (20.8, 18.4] (20.4, 18.0] Ak R
0 (18.4,0] (18.0, 0] ok
26) @ @ L@, ) 26) @ @ L ® )
@ BubHEZE @ #EBEZ
T T T V @ RERNZE H \‘\ @ REFAS®
Hzﬂ 22 — E 22 \\
# 20 & 2
i // ® \
18 18
16 1 1 N N TR N | 16 1 1 T [
0 20 40 60 80 100 100 80 60 40 20 0
SOC/% SOC/%

(a) FoHL SOC {5

Figure 7. 3-stage SOC estimation curve for charging and discharging

& 7.3 ERINFEHEE SOC fhE sk

(b) JHHL SOC 1%

Hrh7Jgtd SOC 1 0%~15%, 85%~100%M BX X [A] A, T HU R R H AR 2 AR, SR #
1RG5 SOC 18 15%~85% B IX IR A, Tl BRI, 260K, SRR FMEAGH
SOC {H ; 78 FURFS AR LE o R 08 FOIR A BBk LB FUR AR TH29 0.4V, BORE 78 TS0 F P PR A HEAT B A B
FyHMBE AR F T A IR AR ) SOC 1R 2%, PRI 7ELR e M A SRR T B AR, TN 1) TR B
R 318 SOC Al e F Y [

HIBZH 7 R R 2 8 2) AEZR/ MBS BBt 4 22 i)

4. 3 B LR A
4.1. fiEgERZ TR

¥ BMS RUBRBURN Z AR IGA 48 h BT B 2S5 i RS AT 43 5 34T I,
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IS5 g A 85K 5 A0 Ty BRI P 3 4
AR At BE R A SR A, 45 B BORESRGEAT BB M. WK (E 4):

Table 4. Test conditions for energy storage equipment

4. tEREREMIAKM

W A
W/ C -10~55
S /kPa 61.5~101.3
PR3h A BEHL

Hrp iR -10~55"C, 2 A BUR AR 5 o i AR L REAT TN, 55 CIASRHR L N il e &% AR 12 4R N
JECHL L3878 L SR AGR P I 20, il BB A T ANFT e IR s AURIUEVE D 0 W34 31 4000
m AR AU s IRBNIN BRI AT 5 2R 46 S B A8 T AR AL I ik

5 PR AR AL R . R 5 TR AR R AR IR RARIR . R i W R AR
WS RN 4 FMRPEENUIRENIAEE T, S RIRSAT S IFEH, BRI IER, RS IR
A

Table 5. Environmental test results of energy storage equipment

5. REEEREMENRNER

FAEE Al R
WA AMFC BMFC ALFC BLFC
PR [h] 8h 8h 8h 8h
FHURAS AT A7 CIE e A7
R B B B G: AR
B 1EH EH 1B EH
WERE EH EH EH EH

T R T O REAE AT, BT BCRAE RN 1.5, (BB R R st A Ay, 4 BT B
AT SR (80 A)F I H . (it AE2E 45 1 RS422 3015 e LI BHTHUE R4, IFHcRETFHENL L. W
Vel 8 Fr 7~ A fidh R 2 46 1) S 200 0 578 P B

HHE 8 I 1) it BMS ios% 2 B8O -5 B G C R BB i 80 A, Hh BMS il
SRR IR A 0.5 A BI/NEBR SN 2) MR EZ 68 438h, RiFMUEZREN 90.6 AH, ##Eil T 80 AH
PIBTHE, X2 T H A B R i kB D, YRR TR, Bl A (S P B TR A 7 R B g, &R
THR 2 R kN s 3) F it 2 vty P P B TSP (DB BRI, PP 24.8 V BRI E] 18 V, BMS #;
1EK W, R BRSSP BTG, B MmHE SR MR 4) it SOC IR TiliE
g, R RS ARG 1) SOC HIE NS BER T, ) MR F i 7 A s e AR 1K SOC R 22,
A A 2 5 B RSO AT B A s S) R TT AR, B U S SR R ZE (B AR D, T R v A
o HL T R I H S 2 EB T I 2E 200 mV A2 AT, X — ZE (RS A FEth 7E LN AT FRL I A 1T

FANER i Re e % 70 I AR REAT B IR R A, RN 20 A, SEREASMEONT SR, A
R

4.2. SEBRR A
flBESE 44 BMS &k TAEE G, RN ATARSE “mis” « B “mins” TRT REET 85
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WESHEATA) 14, BmTANAMRAEATRE . TS AR MR I I B ) B R A PR, 2
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Figure 8. Typical discharge curve of energy storage equipment

8. fifRER R B Lk
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Figure 9. Voltage and current waveforms of DC power supply and energy storage equipment

9. EREIRSHERERHMEE. BN

FE O AL, fiE BASHUS R AEAE 10S, FRTE 1800 S A AT VKR AZ At v s 1] Bk W JRONT BEZR 1 %
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