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®8 JAXA’'s Small Satellites and their Batteries
® Using Commercially Available Lithium-lon Cells
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Batteries for Small Satellites " TEEETERELS

- Commercially Available Cells

@ easiness of manufacturing
@ inexpensive
etc...

‘ We need to...

@ select the model cell fulfilled with requirements
of power supply system in the satellite
@ select the cell with even performances




Purpose of this study " ¢ TERETERERS

—> Lithium-ion battery (with higher energy density)

To use commercially available lithium-ion cells on
small satellites;

model cell selection
basic characteristics of various cells
- database
uniform cell selection
which parameter causes cells’ variations
most?

were determined.
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* Japan ﬂ.em_spa:e Exploration Agency

® Model Cell Selection of Commercially
Avallable Lithium-lon Cells

® Electric Properties

® Tolerant Environmental Conditions
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Model Cell Selection Database "/ ZEaims

INn series

in parallel
cells batteries small satellite

need basic designed to
characteristics make missions
performable

We studied the basic characteristics of 7 kinds
of the commercially available lithium-ion cells,
and made them to the database.
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Samples

Samples

(3)

(4)

(5)

©

(7)

Rated
Capacity

2500 mAh

1100 mAh

1880 mAh

1300 mAh

2700 mAh

Shape

id

Size / mm

6.5*148*215

21*130*80

P18*65

P18*65

10.5*34*49

4*52*69

6*44*96

Weight

530 g

490 ¢

47.5 g

41.5 g

38.5¢

28.5¢

57.5 g

Average
Voltage

3.6V

KA

CHAY

CAY

3.7V

3.7V

3.7V

Electrolyte

Liquid

Liquid

Liquid

Liquid

Liquid

Gel

Gel

Container

rectangular,
stainless

rectangular,
S EINESS

cylindrical,
stainless

cylindrical,
stainless

rectangular,
aluminium

Laminated,
aluminium

Laminated,
aluminium

No. of cells to
make 11 Ah -
28 V- system

8
(8slp)

16
(8s2p)

48
(8s6p)

80
(8s10p)

48
(8s6p)

80
(8s10p)

32
(8s4p)

AC impedance
(1 kHz)
measured

1.9 mQ

1.2 mQ

45 mQ)

27 mQ)

65 mQ

34 mQ

24 mQ)




Electric Properties - 1 TEREFZRERE

5, 15, 25°C

Capacity test
Pacity 0.2C. 0.5C discharge

LEO cycling test DOD25%, 40%

1.35C (1 min),

High-rate discharge
) ) 0.75C (5 min)

Self-discharge /2 hour

(3 cells each)

10
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Capacity test (15°C, 0.2C) . "/ ZERERZRERD

Keep high

DOD vs rated capacity (%)
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Capacity test (25°C, 0.2C) " ;' ZEmZHzmsas

—)

DOD vs rated capacity (%)
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Capacity test (5°C, 0.2C) = - ; FEH=HZRZRE
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DOD vs rated capacity (%)
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Capacity test (15°C, 0.5C) . -/  TERZWZRzRR
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DOD vs rated capacity (%)
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Capacity test (25°C, 0.5C) . - ;| TERZWZRzRR
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DOD vs rated capacity (%)
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Capacity test (5°C, 0.5C) = - ; FER=RERZRE
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DOD vs rated capacity (%)




Summary of Capacity Test. ' TERZHAEEEE

15°C 25°C
I
dlscharge dlscharge dlscharge dlscharge dlscharge dlscharge
(1
120

115

(7) 106 105 107 106 105 104

Actual Capacity (%)
Rated Capacity




25%D0OD
15 cycles

40%DOD
15 cycles

AR T

LEO Cycling test (15°C) = - ;' ZERZFzHzAE

(2)

Keeping high EOD
(6) voltage after cyclin

(4)(1)
(5)
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High-rate Discharge = - i ZERZHZRERE

3rd; high-rate
discharge with
0.75C, 5 minutes

1st; After usual

BHDOD [ vend) | avend) | ver) | avied)
0.147 3810 [ENRFE

s_nd:hhigh-ra_tti (5) | 3.687 0.440 3.814 0.279

ISCharge wi

1.35C, 1gminute ©) | 3854 3.897

3.781 0.330 3.856 0.219




Self-Discharge g o Lot

Samples

Capacity
remained
after 72 h
(%)

Self-
discharge
rate
(%/day)
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Ultra High
Vacuum

Environment
around small
satellites

Strong Vibration




Vibration test R

sine wave vibration test
random vibration test

} each x, y, z-axes of cells

Checkout...

e appearance

» electric properties (capacity test, self-discharge)
before and after the vibration tests.

All the 7 kind of cells;
No significant differences

Z-axis sine
wave
vibration test




samples

(1)

Ethyl alcohol

4.37

Melthyl alcohol

3.66

Isopropyl alcohol

n-Butyl alcohol
n-

Benzene

To uene

C11 aromatic hydrocarbon

cil - - 517 0.961 0.959 * *
Electrolyte elements- : :
Ethyl methyl carbonate 19.7 _ * * * * 13.6
Diethyl carbonate * * 291 6.79 1.36 4.66
Dimethyl carbonate _ 212 13.3 * * *
2-BEan@meE oXieE mam mam . EEEN S B | B . . - - - . - - . N N | . . S (. - .-
2- - - - - o
Decamethylcyclopentasiloxane * 0.709 0.649 0.953 0.889 0.789 0.602
Dodecamethylcyclohexasiloxane * 0.382 0.375 * - 0.431 0.390
Dodecamethylpentasiloxane * * * * * 0.350
Octamethycyclotetrasiloxane * * 0.498 1.08 * -
Trimethylsilanol _ _ - * - -
Hexamethylcyclotrisiloxane * _ - * - -

elements a little Il a little | a little

0 0 O UITere o> DE C Delore arld alle c UeCO DI E 9
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Cell Model Selection = i ZEREMERERES

Uniform Electric Properties
(Voltage, Capacity, Self-Discharge)

Tolerant Environmental Conditions
(Vibration, Ultra High Vacuum)

Characteristics
(Weight, impedance, specifications) Select Model Cell

fulfilled with satellite’s
requirements

**k%* **k%k *kk*%k

k)% ** *kkkk

* **

For next small satellite, SDS-3,

we selected cell (7).
24




3. Selection Parameters and Life Cycling Test - TEMZHAsHRERE
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® Uniform Cell Selection

® Life Cycling test
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Uniform Cell Selection - :  FERERZRER

INn series

in parallel
cells batteries

To maintain high performances of batteries long enough,
we have to select cells with even performances

Parameter Comparison




Parameter Comparison of Cell (7) ' ZEnzmzmsasn

Decompression test: All passed
Electric Properties: Capacity test, Self-Discharge, etc.
Characteristics: Weight, Impedance, etc.

Ex) Capacity test; discharging curve




Parameter Comparison of Cell (7) ' ZEnzmzmsasn

=
o

1. Capacity
2. Impedance
3. Self-Discharge rate

o B N W b~ O O N 0 ©

3.700 3.705 3.710 3.715 3.720 3.725 3.730

Which parameter is most important?
28
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Priority of Parameters . FEIRZEI R R
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Parameters
Capacity ... iraditionzlly emofizsized

Impedance } o
_ unzwle to ignore
Self-Discharge rate

Which parameter causes cells’ variations most?

Verify with Life Cycling test

Group A Group B Group C
2 cells with 2 cells with 2 cells with

resemblant to resemblant to resemblant to

1. Capacity 2. Impedance 1. Capacity

2. Impedance 3. Self-Discharge rate 3. Self-Discharge rate
different different different

3. Self-Discharge rate 1. Capacity 2. Impedance

%{—J

40%DOD life cycling test connected in 2s3p
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40%DOD Life Cycling Test. - ;  TERZFAEEREE




40%DOD Life Cycling Test. - ;  TERZFAEEEE

. different Impedance

. different Self-Discharge rate
. different Capacity

. different Capacity

. different Self-Discharge rate
. different Impedance
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40%DOD Life Cycling Test. - ;  TERZFAEEREE
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40%DOD Life Cycling Test. - ;  TERZFAEEREE

Voltage Variation at 50%DOD increased (2 mV - 10 mV)
Capacity Fade (2.79 Ah > 2.70 Ah)




4. Conclusions 3 ﬁ”%“i’;.“’j”?%ff*ﬁf

To use commercially available lithium-ion cells on small
satellites;

We studied the basic characteristic of 7 kinds of the
commercially available lithium-ion cells, and made
them to the database for model cell selection.

We tested lithium-ion polymer cells, and compared
parameters. We analyzed which parameter makes
cells’ variations most by life cycling test. We'll
continue the test and identify it.




