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1. Design Concept
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Fig 1. SPUTNBGU CubeSat structure Fig 1.CubeCNMG Cluster Fig 1.CubeCNG of Unit




«° 2. CubeCMG System Design

Target Requirements Data Unit
Class Small ¢
Budget 1 U
Mass 125 EC
Moment of Inertia() 2.4 E @i
Slew rate 3 AATOA A
Angular Acceleration 0.011 OArd A A
Desired Specification Data Unit
Required torque 26 P
0 LCabeCH U Spin wheel minmum anguar | o5 | i go
Spin Whe.gl I\{Io’[nclent’lim’gf_'_lnerti_an G8L o m_]_T ) E @l
FlIy L.CUDECLNVIOG Talycel odlelliie speCliCatior

(b)

Fig 1. (a) tnner Structure ofCubeCMG

b) : detailed view



oot 2. CubeCMG System Design
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CubeCMG
Gimbal Motor Control System
Temperature Sensor
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o Main System 12C .
E — Inertial Sensor Sllite,
& Motor
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S — DAC »  BLDC Motor Controller >
% Le A
c
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g I LIN
v Spin Motor Control System
o
_ % Temperature Sensor
Fig 1. Inner Structure acCubeCNG £ ADC
w < A\ Current Sensor -
Main System SPI hip’lcn
+«—— | DAC » BLDC Motor Controller [ otor
*

Fig 1.CubeCM&Electronic System Configuration




" 3. Mechanical Part
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Fig 1. Inner Structure dEubeCNG Fig 1. Inner Structure cubeCNG
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Fig 1. Inner Structure aCubeCNG
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Parameter Data
Nominal Voltage op ¢6
Mass ¢ C
Fig 1. Flat Brushless DC motor Number of pole pairs ¢
- . i
Friction torque (dynamic] (& wp m ——
n [min] = Plastic flange | E|
Watt [] Metal flange T
12 000 - [ Z Intermittent operation Stall torque X8 LA LA
04 08 12 16 O Operating point
at nominal value fo)
10 000 s tomdn e e A e, MRS e . — — — = Current constant T8t L _
. : 38 0 a
8000 I : Operating Range
Shaft axial load max o® 0
6 000 s .
Angular acceleration | @8
Fig 1. Inner Structure c€ubeCNG 4000 g wgp T ——
2000 Operating Temperature ¢y o
- ———————
0 t T T

T T T - M [mNm]

f f Table 1. Spin Moto6pecification
0o 05 1 15 2 25 3 35 4 45 5
Fig 1.SpeedTorque Curve of Flat BLDC Motor
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Parameter Data
Nominal Voltage op ¢6
] ] Mass vg C
Fig 1.Brushless D&ervomotor BSeries
Number of pole pairs p

Friction torque (dynamic) PR wp T I—

n [min'] [ 0824K0068 I El
Watt [Z] 0824KO006B (Rex: -50%)
[Z Intermittent operation Stall torque o® TAa L Q
100 000 O Operating point
at nominal value
0 % SSS. e o)
80000 1 [l : Operating Range Current constant ™ 0 G——;
= auva
60 000 . "
Shaft axial load max @ 0
40 000 .
. I 0wQ
000 Angular acceleration P UL UEQ TT —
Fig 1. Inner Structure ad€ubeCNG 12 000
0 pespese—-—=M [mNm] Operating Temperature ¢rpmndoO
0 0,2 0,4 0,6 0,8 1 1,2 1,4
Recommended operation areas (example: nominal voltage 6V) Table 1. Gimbal MotoSpecifi cation

Fig 1.SpeedTorque Curve of Beries BLDC Motor



et 4. Electronics Design

i 40 [mm] >

(b)
Fig 1. Gimbal Motor Control System Board
(a):PCBArtwork, (b):manufactured board

(b)
Fig 1. Spin Motor Control System Boagd

(a) :PCBArtwork, (b) : manufactured board i
Fig 1. Inner Structure d€ubeCNG

Components Gimbal Motor Spin Motor Exterior Parameter Data
Control System Control System
Main Processor i i = Weight <240
Absolute Encod . Ocm 1 Max. speed 30,000 [RPM]
solute Encoder i w
B3 [mm] £ 0.1 Accuracy S J
BLDC Motor Controller i i AR ,
:————:——f;u Leon Operating Temperature -40 ~ 85C
Communication Module (RS232) i i SR Communication Interface S|

Table 1. Gimbal & Spin Motor Control System Bo&gecification Table 1. Ab.slolut.e Encoder
Specification



" = CubeCMG - Prototype

APIS AT

=013

Gimbal Motor Power & Control Wire

(a) (b)
Fig 1.CubeCM®verview (a):side view, (b):front view, (c):back view

Gear Box

THNAS

' Spin Wheel Shaft
" Support & Cover

Spin Wheel

Fig 1.CubeCMGnner
Structure




5. Performance Test
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Rate Output(RO)
Bridge Resistance oL m
Weight quIC
Safe Overload omnfe]l Z/
Operating Temperature VR wd#
IDA 100- DAC Specification Value
Rate Output(RO) ¢ | er6
Bridge Resistance 0 U )
Fig 1.CubeCMQorque Test Configuration Weight V%
Safe Overload omnfie]l Z&/
Operating Temperature VR waH




.. 5.Performance Test
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Torque Calibration Resul

0.08 T
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Fig 1.CubeCMQorque Test Configuratiog upper side view &l " 1
: . - . : -0.08 : .
03 0.2 01 0 01 02 6 -4 -2 0 2 4 6
Mass [kg| Volt [V]

Fig 1. Torque Calibration Result
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Spin Wheel Gimbaling Axis & Shpng Power &
Bundle Communication Wire

Power &

Communication Wire
\ Spin Motor Control System
Power & Communication
port
Fig 1. Spin Wheel Rate Test Fig 1. CMG Mode Torque Test

Table 1. Spin Wheel Rate Test Case Table 1. CMG Mode Torque Test Case
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