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Space Qualification of Small Satellite Li-ion Battery System
for the Secured Reliahility

Kyung-Hwa Park* and Kang-Hyun Yi**

Defense Agency for Technology and Quality(DTaQ)*
School of Electronic and Electric Engineering, Dae-gu University**

ABSTRACT

This paper introduces the lithium ion battery system for LEO(Low Earth Orbit) small
satellites. This study proves the reliability of lithium ion batteries applying to the space
application. The specifications for lithium ion battery unit are proposed to supply power to
the satellite and the overall mechanical design including structural simulation to confirm
the reliability of the lithium ion BMS(Battery Management System) under the space
environment and launching conditions. The results of structural simulation, functional tests,
and space environmental tests show the lithium ion battery system is space qualified.
Space qualification of the small satellite battery system to secure reliability of BMS and
lithium ion batteries lend credibility for using lithium ion batteries in space application.
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Fig. 1. Block diagram of electrical power system

Table 1. Electrical specifications of Li-ion
battery pack

ltem Value
Operating Voltage(Battery) — 24~32.8V
Operating Voltage(Cell) 3.0~4.1V
Capacity(Battery) 888WHTr
Capacity(Cell) 30Ah
Structure 8Series/1Parallel
¢l Ag3FH A (Power Supply Unit : PSU)=

0

g 2] Heke #1489 7 Rl Bag oy A
gl Wesi= AME EEolH ol T A
e AEe 2932 28] A" Eu7](Power
Distribution Unit : PDU)E 53] 92493 2
44 A A (command from Tele-Command
and Telemetry Module : TCTM)®e] &l we}
Ad el 2z Fof & TEdEn

22 2| E0[= HiEZ| A&

AAY 23AFA4e F2 UA S=F W)
Belg AHgdtdod ATode duANES ¥
3 AZY gAge] tom 21 £ He AL
=8 7HAE gFele MEHE AU Agde
2 AHgEE FA0AM. 28 AA= AFAA
o gFele WE &3 thie A1)y
Agsed, ¥ =EAE Table 17} 2& A%
S 7HAE wEEE A4, A%, ARkl A4
< AFdh

rr

PE(:lips X hTSDisc
| X DOD X Fyoq

Ah= + Margin (1)

%

nomina

A71A,
- Preps © BOL power for the eclipse (Watt)
- hrspis. © Eclipse period (Hour)
* Vaominar © Nominal bus voltage (V)
* Fpeg. * Degradation factor of cells (%/100)
- DOD : Depth of discharge (%/100)
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Fig. 2. Configuration of lithium ion battery
system and circuit diagram of the
cell equalization module

o

| %‘—4‘1’3}‘:} o1& AsME HId S48

date] ofe 3o FgHe] AyH o]
Ao AEo] H|SSE FolE JUEME
1o] Fasch Pl <3 Az
A oA EYHoE BYH 3
52, 399 299 EE 1 5
Qo wlag dolsk & F 97] WRelth o]y

=2 M
ol
b S
W _li r_u

2 rir

N
Am&

o T T A

H

==

o
o

n] 43 2ol w W olate] $8& ok
Aol Aols xHsty] WEel 719 FA
SA4S 7HAE A AEe sk Aol B0

L ES wiEE 54 stepn ofuet wiE =

5 #dsr] s, wige Az F e

=93, 1714 ¥ T8 Alxd wEgE
Alggith ol #AHSs HE diEe A
Al ¥ (Battery Screening)©]2} H-2t}. E
98 AHE® 30Ahe] FEF o] HiEYE 8

~

-Hr_éri_lﬁogﬂrﬂrwrsﬂm

(T



354 W33 - o) Z3 AT 22 T B
Stand Test: Max voltage 3.2 I:é |71| E é 6” Aq
3.2.1 HIEE| A|AH”Hl =5
A2FRAFTALES A WM"Y A="HY F2E
o Fig. 49} 2o WD wHel}t 2PHE u)
g 9 FxE, 223 diEe] &8 Al="
S s 389 PCBE& FxEZ 749 g
H, YR TE F53= Damper 9 98
Delrin A& WF Fx2E(¢]3} Push-CoverZ
Aghel wieg ¥ FxEI AZd viEE =
Fig. 49 ftol 2 Jad Fol ANAT
Push-Cover= ®jEHZ] ¥ FZEd 7lF3d #H
oF AAd=< ol Eﬂrﬁ}i HHEiFJ"ﬂH Ay
gt & HAbo] ot ddge iyt wett
3 7 A, ¥ 9} Push-CoverE 53
44 FzEL Bd IR $EaY. WE 9
\/\/\/ W, Push-Covere= EEA A o3t 32
AuBE oFA Taw VHA AddAoz
Fio. 3. Batt . s(SOC. EQCY A So] FASY] Wit HEHAA TAs=
1g. ©. baltlery screening results = = =
° Capacxi/ty, DC ?esistance, Ef’ficiency: HEE Aol A9el 2 ez dqddn
Self discharge)
A WiEH el A¥m ArgHET. oldHom:
el HEes A8z e A9 87 HE
g A& A 545 7HAoF s, LS A
ANA zZrsetA dvh 1Yy AAEE 74 A 54
o] Bfddsty, AEdt=dgo] A4 =7
%oﬂ, HHHE]E‘ %_Q_g},‘:_ Eo]— 71—71—_04 @ ‘:E'_/\éo]
TAsHA] @t o] @de] 43t 2 A9 53 A
o] A e Y E rhsAo] JoeE=, F
A3t SAES zte Aol AEEHES ddsjor &
th. 38y, B2l e ok A A Alge
HiE 2] A Akl osf o]FojAE® Aol A
= A FZFo|(Stage of Charge : SOC), HUl F
A A, wiEe F8&% DC A 54, T84
58, 290 A PARS BHse AAH A e
S FAAT F 25709 A F, Y1488 e Sedundant
£ 9T s02 WESAT oHT A Ny Ag e
< SOC 100%%E 0%7kAe] 1 3=z Age otk 5}
ZR3= Wxlo g AYP3IP DC HE A3 = 3z 2
A 4 Ampere AFE €4 Az F<F viE
2o] ERAA Welehe A @ Shaiel 4E  aAmoe
AT EF 20°C, 05C rate] FHA EE A A
dataE S3fl wiE 2 A e WH 54S &
HET 2lF ol HiEE= A7 WAEo] v
]u]— 27}24 oz /H]O 72}\]7} Eo]- HO]-;‘q :1_ 1:,4

A7t PRES ZHst] A Aol g

ol& g Al dlo|ElE Fig. 3ol Wbl Aot

£
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system for small satellite
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Table 2. Natural frequency of the lithium ion
battery system

Mode I1FASEF
1®mode 1837.9Hz
2"mode 1928.1Hz
3°mode 2260.0Hz
4"mode 2312.9Hz

(a) Von Mses Stress contour under
vertical 10g and 4g (MPa)

(b) Displacement contour under
vertical 10g and 4g (mm)

Fig. 6. Stress and displacement analysis
for lithium ion battery structure
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Fig. 7. Lithium ion battery system vibration
test for small satellite( X, Y, Z axis)
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Table 3. Profile of main vibration test
( X, Y, Z axis)

st Natural frequency (Hz) X Axis Y Axis Z Axis

Low level pre-vibration test 1672 1632 965
Main vibration test 1660 1610 947
Low level post-vibration test 1672 1632 965
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Fig. 9. Lithium ion battery system thermal
vacuum test for small satellite

Table 4. Thermal vacuum test conditions
and tolerance

Test Item Test Condition
High 31T
Temp. Low oC
Number of Cycles 25
Temperature Change Rates | 0.5 deg/min or greater
Pressure 10-5Torr or less
Dwell Time First and !_ast 6 hours or greater
Inter medium 1 hours or greater

» Unless otherwise specified, environmental conditions
shall be controlled within the following tolerances.
- Temperature : High: +2°C / Low: -2°C
- Time : +5%, —0%

AW el 2=Wsrt 7hes AME A
dXE 21ES FHSEAL FHol g
3 e)Fo] AFAuET vl Al
Aot #EE Al2EHd g &=
Ald ZAL Table 49 v}t &
HiElE] Al2=E 2 e 2
} l sl Fig. 99} 7ol BT 47ie] &
e, e AN BUEY
25 A3t HAs W A2 Soak
195 st Fig. 10- (a)A d
L% Profiled] YER 71548 3
]—@Q_ 5,“533]-93\1 AAZA Y ZoF /\lz
A =] Profileg Fig. 10-(b) °ll e
19 b et 75 AEY A
glo] BRAo=E o]Fo Hi AF F
HiE] 2] Al2~El9] Telemetry® E5F g7
5 o

o AR o LE Ok
2 i,

2 9 0 £ ol
é“.: il

r?L‘ ok of

H:T oL R |

[1

i ot -
o

rlo
Lo b
N, i
o[[‘
>~

™2 i 2 T oof @ pf N
)

™ ol X
>,
i)

Z o

5o

U oolel Ang kel Fig
oAl ASAT F AL

=

119 ﬂW@}%{E}.
A3} AFo] 35401 AsktA s 327t 2AE
ﬂAHﬂ>31%®I@E%d:§ﬂQ7M}%
@uﬁ‘%&@mﬂ%%ﬂ3&ﬂ@5ﬂzﬂ
ol4g3s ZEoZ 3684V7A ¢k 0.027V 7}
?ﬁl“ SRS FAsAT

&) EO Fl

6 Hours 6 Hours —— Temperature
L * O Turn-Off
A Functional Test
® Vacuum Pump On
@ Vent Vacuum Chamber

* Temperature Stablization

Temp. Change Rate :

Temperature

0 Min.
[

"6 Hours 1 Hour 6 Hours

T T T T
Time

(a) Thermal vacuum test temperature profile

$3-FM-LIBU TVT RESULT (2010.03.15)
<101> Chamber Bottom
45 —| —— <102> LIBU Side
—— <103> LIBU side
—— <104> LIBU Cover
401 —pressure I I I F 100

~

-
°

n w
(5] o
!
T T
=

ey

al

x |
i W Ve N

T T T T T 1E-6
0 10 20 30 40 5 60 70 80 9 100 110

o
2
(110y) ainssald

Temperature (°C)
T
m
&

Time (hour)

(b) Temperatures and pressure profile

Fig. 10. Temperatures and pressure profile of
thermal vacuum test temperature profile

39 T T T
et
385 e
—cellt !
S 38 ——cenz
) —Cell3
g — Cell4
6 378 ——celis
> cell§
—Cell7 : : ‘ A b
3T ——cels o ] JeCold ‘v:m‘udn“r"" f'ﬁ‘ieﬁ'
Arbient Vacuum 1'C°‘d 1 Hot 2+4Coi 2 HOF ! |
365 \ \ \ |
0 50 100 150 200 250 300
Time [Minute]
Fig. 11. Cell balancing operation during

thermal vacuum test

333 &34 AMH

/ul,] o]—z{/ﬂoﬂ :Ha]. zﬂz;\].,] iE= o 9}1\9}1]
U 25 o] AL AT HETlo| QoA
Il A AZE wiE Y FEES AEske
Her1tage7} STk AFoIF A WA} Ald 94

A ZAo] AA A= %L,Lge 3l gEel
2 Az AGEY] &, &5 gAdl o
A AFE F U= %ma A8 dolHE



358

A2 T B RE

=1
[ZINY

\
[
!
i

Fig. 12. Shock test configuration & shock
response spectrum of the lithium
ion battery pack

SR RHOZ gF o] HiE H 3 F
ANBE 4Bt DS Fig 129 o] 3%
A B SAHAAME 28t 2p ol g 4
Fs 339 =dl nominal 1000gE 7Fste] Hj
B e F4 &% 23 EFH(shock response
spectrum : SRS)S =43 Z¥ Fig. 129 #&
235 2dS F AAqH = AF F

Reconditionings G338t} 3cycle®] HiE2] Z-
WA A g AR Ty A &% s S
9]

tlo
i<
m[m%ii
ﬁ,to}mE
TEEN
== 4 0
o
e
_VEI'ZE
)
O i JE
o, 10

Y
o U 1y
Ach
offt il !
Ho 0 N o TN 1 g8 o O on B HT ox o

B

oft

(0]

v

o

=
1% (o ox Ho o %2 ri o

o g &

N
%0

oo

o flo
o

olX

QL

R

ot I

K S

i)

P K
o, ol

—

>
»

)
=
-
lo,

P
1%
tlo
o

- 0

e

ol

of
oo fo > o O

o
H
Lo
do
o,
op
=
N o o

ol
o
i)
2
o
)
olr
QL
)
rr

N = o ¢

ot ™

v
t
ok
b~ o
o
ot
1o
oX,
o
=
ofo
(o
fu

&, BE9 ZF ol wWiEY HE& WA
gF o2 HiEE A" A= A

References

1) T. Gonai, T. Kiyokawa, H. Yamazaki, and
M. Goto, “Development of the lithium ion
battery system for space: report on the result
of development of the lithium ion battery
system for space,” Telecommunications Energy
Conference, 2003. INTELEC ’'03. The 25th
International, 19-23, Oct.2003, pp. 234~240.

2) R. Bugga, M. Smart, ]J. Whitacre, and W.
West, “Lithium ion aerospace Dbatteries,”
Aerospace Conference, 2007 IEEE, 3-10, March
2007, pp. 1~7.

3)V. L. Teofilo, M. ]. R. L.
Higgins, and E. A. Cuellar, “Advanced lithium
solid
development,” IEEE Aerospace and Electronic
Magazine, Vol. 14, Issue 11, Nov.1999, pp.
43~47.

4) M.J. Isaacson, V.L. Teofilo, “Lithium ion
aerospace batteries,”

Isaacson,

ion polymer  electrolyte  battery

Battery Conference on

Applications and Advances, 2002. The
Seventeenth Annual, 15-18, Jan. 2002, pp.
119~122.

5)A. Jossen, V. path, H Doring, and ]

Garche, “Battery management systems (BMS)
21st 1999
Energy
1999,

for increasing battery life time,”

Telecommunications
(INTELEC99), 6 -9,
Dresden, Germany, pp. 3~1.

6) K. Shimitzu, N. Shirai, and M. Niheij,
“On-board battery management system with
SOC indicator,” Proc. Int. Electric Vehicle
Symp., Vol. 2, 1996, pp. 99~ 104.

7)]. M. Andrews and R. H. Johnes, “A
VRLA battery management
INTELEC, 1996, pp. 507~513.

8)J. A. Asumadu, and M. Haque, H. Vogel,

and C. Willards, “Precision battery management

International

Conference June

system,” Proc.

system,” Instrumentation and Measurement
Technology Conference, Volume 2, 16-19 May
2005, pp. 1317~1320.

9)]. Alzieu, P. Gangol, and H. Smimite,



42 4 B 4 4R 2014, 4.

2949488 HEeol MEHAA LR A FES A FFATAE 359

“Development of an on-board charge and

discharge management system for electric-
vehicle batteries,” J. Power Sources, Vol. 53,
1995, pp. 327~ 333.

10) W. Retzlaff, “On-board battery diagnostic

and charge equalizing system (BADICHEQ),”

Proc. 11th Int. Electric Vehicle Symp., Vol. 2,
Sept 1992, pp. 20.03/1~20.30/12.

11) Z. Noworolski and J.M. Noworolski, A
microcomputer-based UPS battery management
IEEE APEC91, 1991, pp.

system,” Proc.

475~479.



