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1. Design Concept

Fig 1. SPUTNIX - 3U CubeSat structure Fig 1. CubeCMGCluster
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Fig 1. CubeCMGof Unit
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2. CubeCMG System Design

Target Requirements Data Unit

Class Small ɇ

Budget 1 U

Mass 125 ËÇ

Moment of Inertia(ὐ) 2.4 ËÇɇÍ

Slew rate 3 ÄÅÇȾÓÅÃ

Angular Acceleration 0.011 ÒÁÄȾÓÅÃ

Desired Specification Data Unit

Required torque 26 Í.Í

Spin wheel minimum angular 
momentum

0.013 .ÍɇÓ

Spin Wheel Momentum of Inertia ςȢπφωɇρπ ËÇɇÍ
Fig 1. CubeCMG- Target Satellite Specification

(a)

Fig 1. (a) : Inner Structure of CubeCMG

(b) : detailed view

(b)

Fig 1. CubeCMGof Unit



2. CubeCMG System Design

Fig 1. Inner Structure of CubeCMG

Fig 1. CubeCMGElectronic System Configuration



3. Mechanical Part

Fig 1. Inner Structure of CubeCMGFig 1. Inner Structure of CubeCMG

Fig 1. Gear Trains Design

Fig 1. Inner Structure of CubeCMG

Gimbal MotorSpin Axis Support Cover
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3. Mechanical Part

Fig 1. Inner Structure of CubeCMG

Fig 1. Flat Brushless DC motor

Fig 1. Speed-Torque Curve of Flat BLDC Motor

: Operating Range

Parameter Data

Nominal Voltage φȟρς6

Mass ςπȢρÇ

Number of pole pairs ς

Friction torque (dynamic) ψȢψυɇρπ
Í.Í

ÍÉÎ

Stall torque χȢτυσάὔά

Current constant πȢπυχ
ὃ

άὔά

Shaft axial load max σȢυὔ

Angular acceleration ωɇρπ
ὶὥὨ

ί

Operating Temperature ςπͯψπЈὅ

Table 1. Spin Motor Specification



3. Mechanical Part

Fig 1. Brushless DC-Servomotor B-Series

Fig 1. Inner Structure of CubeCMG

: Operating Range

Fig 1. Speed-Torque Curve of B-series BLDC Motor

12 000

Parameter Data

Nominal Voltage φȟρς6

Mass υȢςÇ

Number of pole pairs ρ

Friction torque (dynamic) ρȢψωɇρπ
Í.Í

ÍÉÎ

Stall torque σȢστάὔά

Current constant πȢσσσ
ὃ

άὔά

Shaft axial load max πȢτὔ

Angular acceleration ρυωςɇρπ
ὶὥὨ

ί

Operating Temperature ςπͯρππЈὅ

Table 1. Gimbal Motor Specification



4. Electronics Design

Fig 1. Inner Structure of CubeCMG

(a) (b)
Fig 1. Spin Motor Control System Board ς

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

(a) (b)

Exterior Parameter Data

Weight < 2.4 [Ç]

Resolution 12 [bit]

Max. speed 30,000 [RPM]

Accuracy πȢσЈ

Operating Temperature -40 ~ 85°C

Communication Interface SSI

Table 1. Absolute Encoder
Specification

Components
Gimbal Motor 

Control System

Spin Motor 

Control System

Main Processor ɨ ɨ

Inertial Sensor ɨ ɯ

Absolute Encoder ɨ ɯ

BLDC Motor Controller ɨ ɨ

Communication Module (RS232) ɨ ɨ

Table 1. Gimbal & Spin Motor Control System BoardSpecification



CubeCMG - Prototype

(a) (b) (c)

Fig 1. CubeCMGOverview (a):side view, (b):front view, (c):back view Fig 1. CubeCMGInner 
Structure
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5. Performance Test
- Calibration Process

TFF400 ςTorque 

Measure Sensor
Specification Value

Rate Output(RO) ςÍ6Ⱦ6

Bridge Resistance συπɱ

Weight ςυπÇ

Safe Overload σππϷ ÏÆ2/

Operating Temperature υπͯωσЈ#

IDA 100 - DAC Specification Value

Rate Output(RO) ςÍ6Ⱦ6

Bridge Resistance συπɱ

Weight ςυπÇ

Safe Overload σππϷ ÏÆ2/

Operating Temperature υπͯωσЈ#

Fig 1. CubeCMGTorque Test Configuration

Couple of Weights

Optical Surface Plate

Safety Cover



5. Performance Test
- Calibration Process

Fig 1. Torque Calibration Result
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† πȢπππωχωὠ πȢπππρσρ

† ḊÃÁÌÃÕÌÁÔÅÄÂÙÔÈÅ×ÅÉÇÈÔÓ.ɇÍ

ὠ Ḋ ÍÅÁÓÕÒÅÍÅÎÔÏÆÔÈÅÓÅÎÓÏÒ6

ὫḊὥὧὧὩὰὩὶὥὸὭέὲέὪὫὶὥὺὭὸώάȾί

Fig 1. CubeCMGTorque Test Configuration ςupper side view



5. Performance Test
- Spin Wheel & Gimbal Motor CMG Mode Test

Gimbaling Axis & Slip-ringSpin Wheel 
Bundle

Power & 
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


