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KyuTech BIRDS Satellite Project

The Joint Global Multi-Nation is
BIRDS Satellite Project since 2015
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*To design, build, test, launch, and operate the
participation country first satellite and providing Kyustit
confinuity to other who already deploy their nation's :
previous satellite.
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Introduction : Kyutech’s satellites & used battery

BIRDS Satellite KITSUNE
Type: Nickel-Metal Hydride Lithium lon Battery, Sanyo
Battery(eneloop),Panasonic NCR 18650 GA
Configuration 3 series 2 parallel (3S2P) 2series3parallel (2S3P)
Capacity: 3,800 mAh 10,350 mAh
Nominal Voltage: 1.2V *3=3.6V 3.6%2=7.2V
Weight: 279 * 6 =1629g 48 g*6=288¢ ' D e N
Size cell :( Diameter) 14.35(D) x 50.4(H) mm 18.5(d)mmx65.3 (H) w /’_ ‘..
X (Height): SPKITSUNE, 6U

Li-lon Pic: by Kyutedk



L aSEINE
 To construct the space applicable battery
from COTS™ Li 1on /NiIMH or other battery
cells.
« And, It Is subjected to acceptance screening

and cell matching tasks before to the

assemble battery. Characteristics
e Open circuit voltage e DC resistance*

e Capacity e Charge retention
e Dimensions e Mass

Acceptance screening of Cells

@ It consist of a baseline of physical and

*and/or AC impedance

: OBJECTIVE
electrochemical tests that are re-
checked before and after the  Find defects
environmental tests « Assemble the best batteries

*Commercial off -the- shelf



Similar([1]
OCV and mass (<0.1%)
Capacity (<5%)
DC resistance* (<10%)

OBJECTIVE
_ Overcharge /
* Avoid unbalanced voltages _ External short Thermal
iti ' Risk: Internal short runway
 Mitigate the state - of -charge imbalance _ e
Over discharge

High temperatures



How Does i1t work?

Wall adapter (+7V)

/PI controlled DC-DC converter

N\

4 X DPST
( Current \( DbPOT ) Relay
sensing Relay '_-
. ﬁ‘)/?:
e oNO ’_' —
NC J\/ v 4\7/’—;—‘
Zeta - 4A 4A
ocic -] ° P o
converter . s
\. AN J —
h —1 "_
' 1
MOSFET a ¢ e
Driver &
s \ J v
Duty cycle R}
w
o L—
PIC $ - \
Microcontroller 5 Temperature
¥ o = sensor e
7 \ selector /
)
_ cell selection ____
DAQ (one at a time)
L.  start/stop and <«—cell voltage
charge/discharge | LabView
program Y-cell temperature

Four-cell switcher \

Fig: charger discharger system working diagram

Fig: real appearance charger discharge system

State 2:Converter work as a bggst converter
« Relay is set in discharging positigh(NO),the cell
switcher is connected to the input and power resistor is

connected to the output.



Charge/Discharge system with four cell switcher g@

OT a CUSITC
and generates the required date

¥e7:%

* The system Is used to screen and get acceptable batteries after checklng
physical and electrochemical characteristics of each cell after every
(Thermal vacuum and Vibration Test)

* The screening system shall fulfill the safety review requirement for launch
providers.



Cells self discharge BATTERY SCREENING: TESTING FLOW

Cells matching
process

Distribution&

monitoring CHART

Vacuum

\ 2

Perform one cycle
per cell

Measure initial
OCV

¥

Pre-charge cells
§
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for baseline cycles
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Qutliers
+/-
sigmae

§ =N

COTS Caells
acceptance:step1bis

........... N

assembly for
configuration

Vibration

‘ COTS Cells
acceptance:stepla
Perform one cycle
per cell
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Outliers and
repeat test




AXIS

All

Random Vibration Level for Li ion battery

Frequency PSD ,aA:[(i:giler Time
(Hz) (G2/Hz) (Crms) (sec)
20 0.020
80 0.080

8.6 60
350 0.080
2000 0.014

Cell screening steps: | 1 ——

1.Pre discharge

2.Full charge

3.Full discharge

4. Post Charge

Total time for test: 17
hours for 4 batteries Vacuum Temperature

20— 25
< N
1x10"-3 Pa TR




(V),mass(mg) ,Diameter(mm)
All batteries are PASSED based on physical character measurements.

wle: KITSUNE batteries results based Physical measurements: Length (mm) OCV

---------q

Sefore ATter Difference |
N ocV Length [Diameter| Mass Visual Ins. OCV Length [Diameter| Mass Visual *ns. OCV | Length |Diameter| Mass | Staty
[mm] [mm] [q] (vibration) |  [mm] [mm] [a] [<0.1%] | [<1%] | [<1%] | [<0.1%] |
13 3.745 64.95 17.95 47.27|0K 3.747 65.02 18.00 47.29|0K | 0.05%| 0.11%| 0.28%| 0.04%|PASS ,
14 3.746 64.91 17.98 47.25|0K 3.747 65.00 18.09 47.21|0K | 0.03%| 0.14%| 0.61%| 0.08%|PASS
15 3.740 64.94 18.00 47.23|0K 3.742 65.02 18.01 47.22|0K 0.05%| 0.12%| 0.06%| 0.02%|PASS
16 3.741 64.96 18.02 47.29|0K 3.740 65.02 18.20 47.28|0K 0.03%| 0.09%| 1.00%| 0.02%|PASS :
17 3.733 64.95 17.95 47.43|0K 3.736 65.02 17.99 47.42|0K 0.08%| 0.11%| 0.22%| 0.02%|PASS '
18 3.742 64.97 17.98 47.29|0K 3.741 65.03 18.00 47.28|0OK . 0.03%| 0.09%| 0.11%| 0.02%|PASS "
19 3.740 64.95 18.01 47.25|0K 3.739 65.01 18.04 47.24|0K : 0.03%| 0.09%| 0.17%| 0.02%|PASS !
20 3.746 64.97 18.00 47.24|0K 3.744 65.03 18.15 47.23|0K : 0.05%| 0.09%| 0.83%| 0.02%|PASS |
21 3.739 64.96 17.98 47.21|0K 3.740 65.01 18.08 47.24|0K ' 0.03%| 0.08%| 0.56%| 0.06%|PASS |
22 3.742 64.97 17.97 47.35|0K 3.740 65.02 18.06 47.38|0K ° 0.05%| 0.08%| 0.50%| 0.06%|PASS |
24 3.748 64.96 17.99 47.19|0K 3.746 65.03 18.00 47.23lok ! 0.05%| 0.11%| 0.06%| 0.08%|PASS |
26 3.746 64.94 17.90 47.23|0K 3.745 65.03 18.00 47.24|0K ' 0.03%| 0.14%| 0.56%| 0.02%|PASS |
27 3.747 64.99 17.99 47.25|0K 3.745 65.02 18.05 47.27|0K ' 0.05%| 0.05%| 0.33%| 0.04%|PASS |
28 3.745 64.97 18.03 47.23|0K 3.745 65.02 18.00 47.22|0K ' 0.00%| 0.08%| 0.17%| 0.02%|PASS |
29 3.745 64.97 18.03 47.31|0K 3.743 65.03 18.10 47.32|0OK ' 0.05%| 0.09%| 0.39%| 0.02%|PASS
34 3.735 64.96 17.95 47.36|0OK 3.738 65.01 18.07 47.37|0K ' 0.08%| 0.08%| 0.67%]| 0.02%|PASS
35 3.740 64.97 17.96 47.20|0OK 3.739 65.03 18.10 47.22|0k " 0.03%| 0.09%| 0.78%| 0.04%|PASS




Table: KITSUNE batteries results based on charged and discharge
DC resistance [Internal Impedance] (mQ)and Capacity (mAh)

KITSUNE Cell Screening - Environmental Test
Before After Difference
N Charged i Discharged Charged ‘ Discharged Charged Discharged St
DC Res | Capacity DC Res | Capacity DC Res | Capacity
mQ] | mAM) [ mQ] | mAR] | mQ] | mAR] | [mQ] | [mAR] | [<10%] | [<5%)] | [<10%] | [<5%]

13 71.90 | 3017.50 | 90.70 | 3341.00 | 75.00 | 301820 | 93.00 | 3345.00 | 431% | 002% | 254% | 012% | PASS

14 73.40 | 305450 | 95.70 | 3355.00 | 75.30 | 3017.60 | 98.80 | 3341.00 | 259% | 121% | 324% | 042% | PASS

15 73.80 | 3036.90 | 93.40 | 3343.00 | 7230 | 3035.10| 91.50 [ 3352.00 | 203% | 006% | 2.03% | 027% 4 PASS

16 73.40 | 3065.00 | 94.60 | 3371.00 | 75.30 | 3006.60 | 95.30 [ 3351.00 | 259% | 191% | 0.74% | 059% | PASS

17 68.00 | 3117.00 | 9570 | 3373.00 | 70.70 | 3050.30 | 94.60 | 3373.00 | 397% | 214% | 115% | 000% § PASS

18 75.00 | 305570 | 92.60 | 3359.00 | 71.10 | 3035.80 | 93.00 [ 3358.00 | 520% | 065% | 043% | 003% g PASS

19 73.00 | 3084.40 | 91.10 | 3363.00 | 7230 | 3028.40 | 96.50 | 3342.00 | 0.96% | 182% | 593% | 062% | PASS

20 81.90 | 304650 [ 97.60 | 3355.00 | 77.60 | 3002.20 | 97.60 | 3339.00 | 525% | 145% | 000% | 048% ¥ PASS

before and after Screening teStS 21 75.70 | 305450 | 96.10 | 3367.00 | 7260 | 3041.10 | 95.30 | 3363.00 | 410% | 044% | 083% | 012% | PASS
J 22 77.30 | 307550 | 9650 | 3387.00 | 71.10 | 3056.80 | 91.10 | 3383.00 | 8.02% | 061% | 560% | 0.12% | PASS

Changed the ba.tte ry | ntel‘nal 3 80.00 | 3066.40 | 94.20 | 3368.00 | 69.20 | 3045.10 | 90.00 | 3364.00 | 13.50% | 069% | 446% | 0.12% | FALL
24 73.40 | 3084.60 | 89.60 | 3360.00 | 70.00 | 3030.20 | 93.40 | 3342.00 | 463% | 176% | 424% | 054% [ PASS

res | Stan ce and Capacity 25 78.40 | 3029.20 | 99.20 | 3356.00 | 70.70 | 3012.10 | 91.50 | 3359.00 | 9.82% | 056% | 7.76% | 009% | PASS
2 7460 | 3069.80 | 9650 | 3363.00 | 71.10 | 3032.00 | 95.00 | 3344.00 | 469% | 123% | 155% | 056% | PASS

27 73.80 | 3036.90 | 93.40 | 3343.00 | 7230 | 3035.10| 91.50 | 3352.00 | 203% | 006% | 2.03% | 027% | PASS

28 73.00 | 304390 | 93.40 | 3362.00 | 69.20 | 3035.10 | 93.00 | 3354.00 | 521% | 029% | 043% | 024% 4 PASS

29 7230 | 3056.80 | 92.30 | 3352.00 | 68.80 | 3049.50 | 87.60 | 3373.00 | 484% | 024% | 509% | 063% | PASS

30 230 | 3008.80 | 100.00 | 3356.00 | 7150 | 3028.20 | 90.00 | 3365.00 | 13.12% | 0.64% | 10.00% | 027% § FAILL

31 86.10 | 2982.70 | 102.30 | 3334.00 | 74.20 | 3003.30 | 93.40 | 3345.00 | 1382% | 069% | 870% | 033% g FAILL

32 7460 | 3032.70 | 94.20 | 3365.00 | 70.00 | 3024.20 | 91.90 | 3357.00 | 6.17% | 028% | 244% | 024% | PASS

33 94.20 | 2967.80 | 122.60 | 3326.00 | 72.30 | 3014.00 | 96.50 | 3349.00 | 23.25% | 156% | 21.29% | 069% § FAILL

34 86.10 | 3009.30 | 103.80 | 3371.00 | 86.10 | 3009.30 | 103.80 | 3371.00 | 0.00% | 000% | 000% | 0.00% j PASS

35 75.00 | 3066.00 | 9650 | 3371.00 | 71.50 | 3048.60 | 92.60 | 3389.00 | 467% | 057% | 4.04% | 053% | PASS

36 68.40 | 3056.10 | 96.10 | 3349.00 | 76.50 | 3028.10 | 106.10 | 3360.00 | 11.84% | 092% | 1041% | 033% } FALL




Data and Results

Kitsune-Discharge battereis cycle capacity [mAh|_|before and after environmental test|
Kitsune-Discharge cycle internal impedance |before and after environmental test|

B Aft_Disharge[mAh]
B Bef Discharge[mAh]

140 B Bef _Dischrge [DC Res]

) 3500
B Aft_Dischrge [DC Res]

3000
2500
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1500
1000
50

131415161718192021222324252627282930313233343536

Capacity [mAh]

DC Res[m ohm]

o

o

0

131415161718192021222324252627282930313233343536

Battery Nos Battery Nos

Fig: Result of Kitsune batteries discharge cycle DC Res[m ohm]  Fig: Comparison result of Kitstine batteries discharge cycle
_before and after environmental test Capacity [mAh] _before and after environmental test



LaSEINE
Charge characteristics of cell N-15 Discharge characteristics of cell N-15

— 1St CyCle
== 2ndcycle
= == 3rd cycle

—— 1St CycCle
mmmm 2nd cycle
== == 3rd cycle

Voltage [mV]

B
)
o
)
8
C
>

500 1000 1500 2000 2500 3000 3500
500 1000 1500 2000 2500 3000 3500
Capacity [mAh]

Capacity[mAh]
Fig: Kitsune FM battery’s charge (left) and discharge (right) 3-cycles graph resulf/{é@mple battery
no:15]
*Due to charger discharger system board noise shows the spikes during charge cycle




Battery assemble procedure-Kitsune satellite

== STEP 2: Batteries are
then covered by lambda

gel

b STEP 1:
6 batteries are assembled.
: A thermistor 1s placed in-

S hotween.

STEP 4:

The battery pack is placed
into the battery box
covered with shrinkable
tube

STEP 3: Polymide
-~ heater is wrapped
& around the battery

Lambda Gel
Kapton Tape
Battery Cell

Kapton Tape
Shrinkable tube

assembled
battery pack
had an open

circuit voltage e
ey Fig: Battery laye

STEP 5: Battery cables
are connected to the
connectors and the
battery box is closed

Fig:Assemble procedure steps



BATTERY TELEMETRY IN 2022 -
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Conclusion

For battery construction for space application,

« To select the closest characteristics value for Battery(cells) configuration,
priority categories are DC_ resistance, Capacity, OCV and mass in
sequence

« To perform the cells cycles test minimum three times including
environmental test

« Assemble the properly the electrical and thermal insulator inside the
battery box

Cell# OCV(<0.1%) | Mass(<0.5) | Capacity(<5%) DC Resistance(< 10%)
3.742 47.22 3352.00 91.50
s | azr | s sust

3.7435 47.245 3352.00 91.50
0.0021 0.0354 0.0000 0.0000
0.06% 0.07% 0.00% 0.00%




Acknowledgements

 This project was supported in part by JSPS Core to Core program, B. Asia-Africa
Science Platforms.

1.Dr.Rodrigo CORDOVA, 3U satellite project manager

2.Dr.Necmi CIHAN, KITSUNE project manager N Y Y
3.Reynel Josue GALINDO ,D1 ,CURTIS team member RN

4.Dr.Yasir ABBAS, MO-1 satellite member oy *

5.BIRDS satellite projects

References:

1.United Nations, "Recommendations on the Transport of Dangerous Goods: Manual of Tests and Criteria, Part 111, sub-section 38.3.
Sixth revised edition," United Nations Publications, New York and Geneva, 2015

2.NASA Johnson Space Center, JSC 20793. Crewed Space Vehicle Battery Safety

Requirements., Houston, Texas, 2014.

3.NASA Johnson Space Center, JSC 66548. Requirements fro Fligth Certification and Acceptance of Commercial Off the Shelf
Lithium lon Batteries., Houston, Texas, 2013

4.International Organization for Standardization, ISO 17546. Space systems - Lithium ion battery for space vehicles - Design
verification requirements, 2016

5.Kitsune battery verification report/JAXA/Kyutech 2021

/




