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Executive Summary 
  

Mechatronics Engineering students at the University of Queensland need to complete a team project as part 

of their second-year studies. The task is to design and build a working model of a satellite defence system. 

This report describes the proposed design for Group 18's solution. 
  

The satellite will ultimately need to locate an IR (InfraRed) target, reorient itself in that direction and mark 

the target with a laser-beam.  

The main design difficulties in achieving this goal are: 

• getting all the components to fit inside the casing 

• detecting the IR targets while ignoring ambient light sources 

• utilising components that aren't too expensive (e.g. $20 sensors) 
  

Full technical drawings have been produced and an assembly section shows that the proposed mechanical 

layout is suitable. The mechanical design has been compared too, and shown to meet, the required 

specifications. The system will operate in a straightforward manner and a User Guide has been written. 
  

The proposed solution was designed as an integrated product, as opposed to a 'coming together' of separate 

parts. The design has been thoroughly analysed with the result being the optimal design contained in this 

report. 
  

In conclusion, the design proposed by Group 18 will meet the required performance criteria and be delivered 

before the due date. Furthermore, the Group is on-track to deliver a result that exceeds specification. 
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1   Introduction 

As part of their second-year studies, Engineering students at the University of Queensland (herein referred to 

as the Client) undertake a team project. There are 18 teams, pre-selected groups of 4 students, whom are 

studying Mechatronics as their primary undergraduate degree. 

The teams are competing to design and build a functional model of a satellite defence system that can 

identify targets about a single-axis and mark them with a laser beam. A solution is required by the end of a 3 

month semester, on Monday 30 May 2011. Each team has a budget of $100 for electronics and fasteners 

(fabricated items are excluded) and the winner is the team that scores the most 'bullseye' targets in 5 minutes. 

This project offers the first chance for students to gain some practical experience with engineering but the 

main goal of the exercise is to improve students' ability to work in teams. A separate “Report on the Project 

Plan” has also been submitted, covering management and planning issues for this project, and this “Report 

on the Paper Design” explains the technical details of the solution this group is building. 

2   Problem Description 

2.1  Outline 

The problem appears quite broad, but possible solutions are limited by the following constraints: 

• External housing (aluminium tube & plastic end caps) is supplied by client, see Appendix F.

• Steering is performed via an internal, rotational system, with a motor and gearbox (see Appendix D)

being supplied by the client. This implies using a reaction wheel.

• The laser module, also supplied, must be permanently attached to the device.

• The device must hang from suspension cable at specific height (see Appendix B).

• Targets are an array of IR (InfraRed) LEDs (Light Emitting Diodes) with specific characteristics (see

Appendix C) thus limiting the possible choices for sensors.

• Use an Atmel ATmega microprocessor because of supplied programming hardware.

• Manufactured parts must be easy to machine (low cost of labour to program or operate equipment)

or small enough for production via rapid prototype printing.

Additional requirements: 

• Acquire IR target, positioned at the 4 compass points (N, S, E, W) at distances of 0.5 – 3.0m

• Mark the target “bullseye” with laser for 2 seconds.

• Acquire a minimum of 20 successive targets as they are randomly activated, for a period of 5

minutes (1 target every 15 seconds)
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2.2   Problem Analysis and Design Difficulties 

Based on the constraints, the problem was analysed and distilled to a set of core requirements that are listed 

below. Each requirement is described with consideration to the difficulties of designing that component.  

2.2.1   Mechanical Design 

The reaction wheel Sized to provide a mass such that ratio of wheel mass to other components creates 

a balance between acceleration (responsiveness) and stability (low jitter). 

The motor bracket Position the motor & flywheel with room for other components, simple to 

manufacture, strong while being not too heavy.

Other components PCB (Printed Circuit Board) and batteries must be securely mounted but easy to 

remove during testing and for maintenance.  

2.2.2   Electronic Design 

Power supply Internal battery the client can easily replace, provide a stable 5V supply for control 

electronics & higher voltage for motor, sufficient current capacity. 

Microcontroller A cheap ATmega chip with enough IO lines & program memory for the task. 

Motor Control Circuitry to provide direction and speed control for a high-current draw motor. 

Sensing Detect IR light amongst interference and noise from other light sources. 

Switching & display Switch outputs like laser, or an LED or buzzer for user feedback. 

Development Extra ports for debugging and programming the device. 

2.2.3   Software Design 

Sensor sampling and 

noise filtering 

Sample sensors at high-enough rate for accurate target detection and filter out 

noise from ambient light sources. 

Control algorithms Implement feedback-control algorithm beyond simply running motor for 2 secs. 

Speed Fast enough to quickly acquire a rough target location and then switch to a slower, 

more accurate speed to achieve an accurate target “lock”.

Flexibility Easily allow changing the number and sensitivity of sensors during testing, to 

self-calibrate against ambient light sources during boot-up.
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3   Proposed Solution 

  

3.1  Mechanical Layout 
  

The proposed mechanical layout is shown in Figure 1.  Detailed technical drawings of each component and a 

pictorial exploded view are included in the Appendices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Proposed mechanical layout of the device (front section view) 
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3.1.1   Comparison of Mechanical Layout to Specifications 
  

The mechanical layout has been compared against requirements to prove it meets specification (Table 2). 

MECHANICAL SPECIFICATION ANALYSIS 

System must fit inside supplied 

aluminium casing 

Figure 1 shows that all components will fit inside the body, with sufficient 

clearance for operation and to allow some adjustment. 

Product to operate suspended from 

cable at correction height 

See height dimensions in Figure 1. 

IR Sensors at correct height Components are positioned correctly, as shown in Figure 1. 

Laser module permanently attached, 

at correct height 

Laser emitter is mounted in a fixed housing, at fixed height shown in Figure 1, 

with horizontal alignment via a grub screw. 

Internal, rotational system of steering Rotational movement is induced by the motor and heavy reaction wheel that 

hangs down, around the motor and gearbox. 

Mass ratio Reaction Wheel to other 

components 

The reaction wheel is a heavy, cylindrical piece of steel. Other components 

are plastic. See mass calculations in the Appendices. 

Secure attachment and easy access 

to other components 

PCB easily accessible from top of device; simply un-plugs from base. Battery 

holders mounted in special housing that slides out the bottom. 

  

Table 2.  Comparing the proposed mechanical layout to required specifications 

  

3.1.2   How the System will operate 
  

The design of this device makes it easy to use by an untrained user.  Based on the mechanical layout in 

Figure 1, a brief outline of how the system will operate is shown in Table 3.   

A complete Walkthrough of the device's operation is given in the Operation Manual, see the Appendices.  

Installation The clip on the provided support cable is attached to the tripod-cables at top of device. 

Power supply AA Batteries are inserted in the battery module which is then installed in the bottom of the device. 

The bottom cap is screwed on and the laser fitted back on the end of its stalk. 

Activation A power switch on the laser stalk engages power to the circuitry. To activate the device, an IR light 

or signal (from consumer remote control) is shone at the primary IR sensor, causing the device to 

calibrate and begin operation. 

Sensing The device will remain stationary until one of its 4 secondary IR sensors detects a target. The 

device will servo, via the shortest arc, to the quadrant with the highest light reading. The 2 primary 

targeting sensors will finely position the satellite to point at the target, using differential 

measurement. 

Motion The satellite will rotate using a reaction wheel. The significant mass of the wheel means that when 

power is applied to the motor, the lighter mass of the satellite will rotate in an opposite direction 

around the wheel. 

Targeting The satellite will lase the target by switching it on for a timed period of 2 seconds. 

Continuous  Detect next target, using 4 secondary IR sensors. 

  

Table 3.  Overview of how the system will operate 
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3.2   Design Description and Justification 
  

 Every aspect of the design has been considered and this section briefly describes the design decisions that 

were made with justification against other alternative ideas. 

   

3.2.1   Mechanical Design Decisions 
  

Refer to the mechanical layout shown in Figure 1 and the technical drawings in Appendix F. 

  

Motor, Gearbox and Reaction Wheel orientation 

Positioned in middle of device, motor shaft pointing upwards, flywheel hanging around the motor. 

• Motor has D-profile shaft, flywheel must be attached with grub screw. 

• The flywheel orientated horizontally, must hang over the end of the vertical shaft like a cap 

• Middle position means other components have weight vertically distributed as they rotate. 

• Wheel is hollow cylinder rotating round motor, the most efficient use of that space. 

 

Motor bracket shape and material 

• Bolt holes on motor are near output shaft, bracket is shaped to use these & allow for reaction wheel. 

• Supports allow max reaction wheel size with space below for height of AA battery. 

• Four supports are used (not 3 to match tripod cables) so lower PCBs are positioned 180º opposed.  

• Made of plastic (machined or printed) so it is lightweight. 

 

Plastic End Caps 

To be primarily cosmetic, not used as mechanical support. 

• Improved aesthetic appearance, unobstructed view of the control electronics.  

• While testing, end caps are not installed, allowing easy access to the PCB and batteries. 

 

PCB Support 

A two-part bracket design. 

• PCB not hung from the lid, separate bracket required. Located up the top so heavier batteries below. 

• Four supports conceal wires to sensors (which are located in 4 places) by running them underneath. 

• Comprises 2 separate parts because they need to be manufactured at different times. Main circular 

bracket provides the mechanical support required during testing. Inner disc fits into the bracket with 

holes to suit PCB plugs, therefore must be designed after PCB.  

 

Modular battery holder 

• Based on shape/quantity of batteries (see electronic design section), the most space-efficient way to 

distribute their weight is in a circular arrangement around the inside of the Satellite. 
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• Discs support batteries, cut-outs in middle allow Module to rotate and lock over matching bracket.  

• Mechanism makes batteries easy to replace, but final product would have additional safety screw. 

 

Laser mounting stalk 

Shape and size of the case and stalk. 

• Laser module enclosed in a plastic case to protect PCB.  

• Laser stalk designed with fixed vertical height but allowing horizontal adjustment via grub screw. 

• Two-part design means laser can be unplugged to fit bottom cap. 

• Provides best location for power switch, not hindering removal of other components from device. 

 

Tripod Support Rods 

Three wire rods to hang the Satellite. 

• Fishing-type swivel allows rotational motion, with low friction. Machining a bearing unnecessary. 

• Stiff wire rods hang the Satellite on a level plane; can be un-hooked for better access into device. 

• Rods better than wire at resisting compressive forces if Satellite makes sharp direction change. Metal 

arms unnecessary, only add extra weight, harder to get into top of device. 

  

 

3.2.2  Electronic Design Decisions 
  

Refer to the block diagram and electrical schematics in the Appendices. 

  

Microcontroller 

Atmel ATmega32  

• ATmega16/32 chosen because it has 2 spare analogue inputs 

• ATmega32 has double the memory, at little more cost. 

• Through-hole DIP (Dual Inline Package) chip mounted in an IC socket because permanently-

soldered surface-mount variant too risky, if damaged it would be costly to replace the PCB and chip. 

• Final product would obviously use surface mount chip with minimum I/O lines and memory. 

 

IR Sensors 

Osram SFH3160F 

• Have a sharply-defined spectral response to match the 880nm output of targets. 

• Phototransistor with voltage divider is easy to connect to microcontroller, unlike a photodiode that 

requires a more complicated current amplifier. 
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PCB position and quantity 

Having 3 separate PCBs: mainboard, power regulation, and motor control. 

• Main PCB with large microcontroller is above flywheel, for mechanical reasons mentioned earlier.  

Round shape is purely for aesthetic reasons. 

• Other PCBs are positioned near batteries to keep high-current power wires short, reduce interference, 

and lower the size of the circular PCB.  

• Attaching secondary PCBs to motor bracket acts as an integrated heatsink. 

 

Ports for ISP (In-System Programming) and RS-232 (Recommended Standard 232) Serial 

Programming and debugging capability via an adapter-board rather than on main PCB. 

• Moving them off the circular PCB saves money there and moves it to the development budget. 

• Improved aesthetic appearance during operation as these ports are only required during testing. 

 

H-Bridge Motor Control Chip 

STMicro L298 Dual 2A H-Bridge 

• Easiest way to implement speed and direction control of high-current motor. 

• Chip is above requirements (Motor current: 0.4A to 2.5A stall) with extra H-Bridge, but this popular 

cheap is the least expensive in its class. Position of PCB means space is not a concern. 

 

Battery type and voltage 

12  x  AA batteries with taps at 18V and 9V  (14.4V and 7.2V for rechargeable batteries) 

• Batteries not included in budget if consumable items that can be replaced by the client, thereby 

discounting soldered-in batteries and newer technologies like LiPo (Lithium-ion Polymer) packs. 

• AA size is the most common and allows use of high-current rechargeable batteries for testing. 

• Dual voltage taps provide filtering between the different voltage supplies. 7V supply is to suit power 

regulator, 13V supply for motor (after drops in diodes) will safely allow running at faster speed.  

 

Power regulation 

7805 variant linear 5V LDO (Low-DropOut) power regulator IC 

• The motor (high-current inductive load) is directly connected to unregulated battery supply. 

• Linear regulator is cheapest way to provide 5V supply, with lower min. voltage than non-LDO. 

 

Other inputs and outputs 

Laser switching transistor, status LEDs, piezo speaker, input switches. 

• Laser module draws 32ma, ATmega max output current is 25mA, so switching transistor is used. 

• Status LEDs & piezo indicate correct operation to user. Low current-draw allows direct connection. 

• Input switches allow configuration, reset and calibration possibilities. 
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3.2.3   Embedded-software Design Decisions 
  

Refer to the software block diagram in Appendix L.  

  

Initial “Standby” State 

Software will power-up into a standby state and wait until activated by Testing Remote (an IR light). 

• Allows Satellite to settle on suspension cable, prevents user being startled by sudden movement. 

  

“Self-Calibration” State 

Satellite will automatically calibrate to ambient light conditions 

• Operating conditions (ambient light) vary so device will adjust each time it is used. 

• Take light reading from 4 secondary sensors, rotate slightly and take another reading. Having 

recorded a baseline reading, any IR target will have a distinctly higher light reading. 

• Difference between ambient and IR light is stored in software, based on the min. target distance. 

  

“Looking for Target” State 

Software will sample the 4 secondary IR sensors to locate the approximate position of the target 

• Take analogue reading from 4 sensors around Satellite. Repeatedly poll until 1 sensor shows a 

voltage reading preset-value higher than ambient light.  

• Satellite will then rotate to that quadrant, which obviously will not line up with that target yet. 

  

“Targeting” State 

Satellite uses 2 primary targeting sensors, which are more directional (in-set) than the other sensors, to locate 

exact position of target. 

• These 2 sensors are closely-spaced but respond to IR light at a smaller angle. 

• Voltage difference between sensors is used to move device proportionally towards the lower reading. 

  

Sensor Sampling 

Software will take multiple readings and calculate average value. 

• Sensors are quickly sampled, with 3 successive readings from each sensor. The 3 values are averaged 

which provides a more accurate result, with lower noise, than simply acting on a single reading. 

  

Motor Control 

Variable speed and direction control 

• A “direction” flag is used to flip the status of 2 output lines that control the direction of the motor.  

• To enable motor & control speed, a PWM signal is generated on a 3rd output line from an 8-bit timer. 

  

Heartbeat Timer 

A timer generates millisecond interrupts 

• A 2nd timer on the ATmega32 acts as a general timer, to coordinate sampling & time the laser. 
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4   Verification of Solution 
  

This product is small enough that it was designed as one cohesive unit with the design process involving a 

continuous feedback loop. For example, if two parts did not integrate then both were reconsidered until the 

optimal solution was found. Each modification was designed with consideration to the affect it would have 

on other components.  

  

The required specifications (included in Appendix B) are mainly mechanical and Section 3.1 showed that 

these have been met by the proposed design. The other specifications relating to motion and sensing have 

been shown by the electronics design description in Section 3.2. Further details and calculations relating to 

the mass and moment of the mechanical components are included in Appendix M. 

  

5   Conclusion 
  

The proposed Satellite design is an integrated system that meets, and exceeds, the required specifications. 

This report has highlighted the fundamental problems and related difficulties that must be overcome, and this 

Group's design is an innovative and optimal solution to those problems. The combination of good planning 

and a well-engineered design mean the required performance will be achieved before the deadline, under 

budget. 
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Appendix  A 

Operation Manual 

 

 

1 Unpack Satellite from box 

   

 2 Check you have received all required parts: 

The satellite device 

2 x plastic end caps 

6 x screws 

Screwdriver 

Battery Module 

12 x AA Batteries 

Laser  

Stand 

Testing remote (a consumer TV remote control) 

   

 

3 Insert batteries 

Install AA batteries into Battery Module with positive (+) 

end poin ting up. 

See markings above each battery slot. 

   

 

 

 

 

4 Carefully place Satellite upside down on testing base. 

Position Battery Module so the slots are near the locking 

tabs inside the end of the satellite. 

Take the loose wire inside the Satellite (marked “Battery”) 

and plug it into the connector on the Battery Module. 

   

 5 Insert Battery Module into Satellite 

Slide the Battery Module into the Satellite by lining up the 

slots with the locking tabs. 

Apply gentle downward pressure and rotate the Battery 

Module anti-clockwise (using the two finger holes) until 

resistance is felt. 
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 6 Install bottom cap 

Carefully slide the plastic end cap over the laser stalk and 

into the end of the satellite. 

Align the holes in the cap and body 

Install 3 screws. 

 

   

 7 Attach the Laser Module 

Plug-in the Laser to the Stalk. 

Slide the Laser housing into the end of the Stalk. 

Gently tighten the plastic grub-screw. 

Note: no manual alignment of the laser is required. You 

will notice a small notch in the laser housing which aligns 

with the grub screw. 

   

 8 Place Satellite right-way-up 

Place device on testing base so the Laser/Stalk hangs 

between the legs on the testing base. 

 

   

 9 Set the battery type (skip this step for included 

batteries) 

The device comes pre-configured for use with the supplied 

non-rechargeable 1.5 volt batteries. The device can also 

be used with high-current 1.2 volt NiMH (Nickel Metal 

Hydride) batteries but you must change the jumper setting 

on the main circuit board. 

Looking in the top of the Satellite, locate the jumper (JP1). 

Reposition the jumper so it is between pins 2 and 3. 

Failure to do this step will result in lower performance from 

the Satellite. 
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10 Install top cap 

Slide plastic cap into the top end of satellite. 

Align the holes in the cap and body. 

Install 3 screws. 

   

 11 Position the Satellite 

Take the cable provided in the testing environment and 

hook it onto the tripod cable swivel on the top of the 

Satellite. 

Gently hang the Satellite making sure it is secure. 

   

 12 Turn on power 

Slide the switch on the rear-end of the laser. 

The LED on the switch will glow red. 

The “PWR” LED on the main circuit board will be glowing 

orange. 

   

 13 Activate the device 

The device is in a standby mode and will remain stationary 

until activated. 

Point an IR light source at the main IR sensor (either use 

the supply Testing Remote or flash one of the IR targets 

briefly) 

The Satellite will give a single “beep”. 

   

 14 Satellite will self calibrate 

Once activated, the device will wait 2 seconds then self-

calibrate. 

It will make some small rotation movements and sample the 

ambient light. 

Once calibration is complete, the Satellite will give two “beeps”. 

Note: you should now stand clear of the device, although it will 

not move unless it detects an IR light source. Position yourself 

so the laser beam will not aim into your eyes, although it is an 

eye-safe laser. 
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 15 Satellite will locate a target 

When an IR target is lit, the satellite will give a quick 

audible “blip” to acknowledge and rotate to point its 

primary sensors and laser towards the target. 

   

 16 Satellite will lock-on to target 

When an accurate target 'lock' is achieved, the Satellite 

will sound a low tone and lase the target for 2 seconds.  

 

   

 17 Further targets... 

As each successive target is illuminated, the Satellite will 

rotate in to position, acquire a target 'lock' and fire its laser. 

   

 18 On completing the test... 

When you are satisfied with the Satellite's operation, you 

can turn it off. 

Note: do not use the Testing Remote or IR light source to 

do this. The Satellite is still in targeting mode but is still 

safe to touch. 

Ensure the target system is switched off first. 

Approach the Satellite and hold it with one hand while 

sliding the power switch with the other hand. 

   

 19 Maintenance and Care 

The Satellite requires no further adjustment and should be 

returned to the designer if it acts unexpectedly. 

The batteries can be replaced by following the earlier 

procedure in reverse. 

You can wipe the Satellite with a dry cloth but do not use 

any chemicals. 

Ensure that dust or small particles do not enter the sensor 

holes around the outside of the device. 
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Appendix  C 

 

Target Specifications 
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Appendix  D 

 

Specifications of supplied motor and gearbox 
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Appendix  E 

 

Exploded view of the proposed design 
  

 



SATELLITE DEFENSE SYSTEM PROTOTYPE:  THE PAPER DESIGN 

22 
GROUP 18  METR2800-G18-110411

Appendix  F 

Technical drawings of proposed design 

(19 pages) 
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4  x  M5x12 CSK

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:  FINE OR MEDIUM  (CONFIRM??)

 OR AS SHOWN.
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THIRD ANGLE PROJECTION
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DRILL THRU INTO MOTOR BRACKET (dwg no. 02)
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4  x  M3x10 PAN
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NOTES:
ALL DIMENSIONS IN MILLIMETRES
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MATERIAL:   48mm STEEL PLATE
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SURFACE FINISH:   AS PROCESSED,

CONDITION:   AS SUPPLIED.

FASTENERS USED FOR ASSEMBLY:
1  x  M3x30 PAN (GRUBSCREW)

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:  +/-0.1 dd-mm-yy

THIRD ANGLE PROJECTION
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 AVG LOC FIT
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M3  TAP FULL LNG INTO CENTRE BORE
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NOTES:
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QTY:  1

MATERIAL:  PLASTIC
 MAX DIM.   6  x  132.76  x  132.76

SURFACE FINISH:   AS PROCESSED,

CONDITION:   AS SUPPLIED.

FASTENERS USED FOR ASSEMBLY:
4  x  M3x6 CSK

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:  +/-  0.1 dd-mm-yy

THIRD ANGLE PROJECTION

12

20

60,5

4 x SLOTS UNDERNEATH 
FOR WIRES FROM P.C.B.

O
132.7
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O
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A A

SECTION A-A B

DETAIL B
2

6 2

4  x  M3  sO6mm HEAD
6 MIN LNG FULL THREAD (DOESN"T MATTER IF BREAKS INTO SLOT AREA)
DRILL & CSK THRU FROM SATELLITE BODY (dwg no. G18-03)
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P.C.B. SUPPORT
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QTY:  1
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 MAX DIM.   20  x  58  x  58

SURFACE FINISH:   AS PROCESSED,
CONDITION:   AS SUPPLIED.

FASTENERS USED FOR ASSEMBLY:
2  x  M2x12 PAN

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:   +/- 0.1 dd-mm-yy

THIRD ANGLE PROJECTION

A

A

SECTION A-A
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°

5°
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LOCKING TABS FOR BATTERY MODULE
(dwgs. no. 11 thru 13))
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OUTER FLANGE TO SUIT 
LASER STALK (dwg no. G18-14)
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21°

2  x  OPPOSING O3 SLOTS 
THRU, AT ANGLE SHOWN

2  x  2.5 THRU   cO5  `2
ON O20 P.C.D.

GROOVE  6 WIDE, 7 DEEP
AT 45v TO MATCH O3 SLOTS

SLOTS/CHANNEL TO FEED 
MOTOR & LASER WIRING

SCREWS THRU HERE 
INTO BOTTOM OF MOTOR

SCALE  1.5:1
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MATERIAL:   PLASTIC PROTOTYPE
 MAX DIM.   4  x  127  x  127

SURFACE FINISH:   AS PROCESSED

CONDITION:   AS SUPPLIED.

FASTENERS USED FOR ASSEMBLY:
4  x  M5x10 PAN

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:  +/- 0.1 dd-mm-yy

THIRD ANGLE PROJECTION

4
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16,82

4  x  6mm THRU FULL THICKNESS
cO10    `1 +0.018    FROM EACH FACE

 -0.000
ON O80 P.C.D.
SEE DETAIL 'A'

A
DETAIL A
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12  x  SLOTS EQUI-SPACED AROUND DIAMETER

O4  (SINGLE HOLE ONLY)
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(MAKING AN R1.5 SEMI-CIRCLE)
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NOTCHES FOR WIRING 
(BATTERY INTERCONNECTS)
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QTY:  1

MATERIAL:   PLASTIC PROTOTYPE
     MAX DIM.   4  x  127  x  127

SURFACE FINISH:   AS PROCESSED

CONDITION:   AS SUPPLIED.

FASTENERS USED FOR ASSEMBLY:
4  x  M5x10 PAN

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:   +/- 0.1 dd-mm-yy

THIRD ANGLE PROJECTION
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FINGER HOLES TO ROTATE BATTERY
MODULE INTO PLACE
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FASTENERS USED FOR ASSEMBLY:
4  x  M5x10 PAN

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:  +/- 0.1 dd-mm-yy

THIRD ANGLE PROJECTION
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TO BE MANUFACTURED BY RAPID PROTOTYPE
PRINTER.

QTY:  1

MATERIAL:   PLASTIC PROTOTYPE
 MAX DIM.   31.6  x  36  x  36

SURFACE FINISH:   AS PROCESSED,
 UNLESS OTHERWISE SHOWN.

CONDITION:   AS SUPPLIED.

FASTENERS USED FOR ASSEMBLY:
1  x  M3x6 NYLON CHEESE (GRUB SCREW)
ADHESIVE

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:  +/-  0.1 dd-mm-yy

THIRD ANGLE PROJECTION
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NOTES:
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TOLERANCES :
GENERAL TOLERANCE:  FINE OR MEDIUM  (CONFIRM??)

 OR AS SHOWN.
dd-mm-yy

THIRD ANGLE PROJECTION

ONLY BASIC DIMS. SHOWN.
TO BE MANUFACTURED BY RAPID PROTOTYPE
PRINTER.

QTY:  1

MATERIAL:   PLASTIC PROTOTYPE
 MAX DIM.   45  x   20  x  20

SURFACE FINISH:   AS PROCESSED,
 UNLESS OTHERWISE SHOWN.

CONDITION:   AS SUPPLIED.

FASTENERS USED FOR ASSEMBLY:
ADHESIVE

COLLMINATING HOLE 
FOR LASER BEAM

RECT. SLOT FOR 
POWER SWITCH
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MACHINE ONLY
DO NOT FABRICATE
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NOTES:
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SURFACE FINISH:   AS PROCESSED,
     UNLESS OTHERWISE SHOWN.

CONDITION:   AS SUPPLIED.

FASTENERS USED FOR ASSEMBLY:

NOTES:
ALL DIMENSIONS IN MILLIMETRES

TOLERANCES :
GENERAL TOLERANCE:  FINE OR MEDIUM  (CONFIRM??)

 OR AS SHOWN.
dd-mm-yy

THIRD ANGLE PROJECTION

140

14
0

10

60

40

40

THIS IS A TESTING BASE TO SIT THE
SATELLITE ON.

CAN USE 40-60 MM SQUARE BLOCK,
DEPENDING ON AVAILABILITY.

TIMBER BASE CAN BE   8, 10, or 12mm THICK.

ATTACH BLOCKS WITH SCREW OR NAILS.
GROUP 18 CAN ASSEMBLE IF REQ'D.
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Appendix  G 

Block diagram of electronic modules 

MCU 

ISP     RS232 

MOTOR 

BATTERIES 

SWITCH 

5V VOLTAGE 
REGULATOR 

MOTOR 
CONTROLLER 

LASER 

OUTPUTS 

INPUTS 

LEDs 

PIEZO 

SWITCHES 

IR SENSORS 
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Appendix  H 

 

Exerts from ATmega32 datasheet 
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Appendix  I 

 

Datasheet for IR sensors 
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Appendix  K 

Electrical schematics for proposed design 
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Appendix  L 

Block diagram of software 
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Appendix  M 

 

Mass and moment calculations 

 

Info: 

� Basics: flywheels are a common device used to store rotational energy in the form of kinetic energy, 

utilising momentum.  

� Density of steel is about 7.833g/cm
3
 

� Density of aluminium 6061-T6 is 2.712g/cm
3
 

 

Useful Formulae: 

 
E is the kinetic energy stored in the flywheel 

 
I is the moment of inertia for a hollow cylinder 

 

Calculations: 

Aluminium case: 

 

 

 

 

 

 
 

Perspex cap (*2): 

 

 

 

 

 

 
 

Motor: (will consider gearbox as part of non-moving since internal movement is hard to calculate) 

 (From datasheet) 

 (Using SolidEdge) 
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Gearbox: 

 (From datasheet) 

 (Using SolidEdge) 

 

Laser mount and laser: 

Considering the value of I of the motor, the I for these two components is most likely negligible due to its 

light mass and small radius. 

 

Using metals: 

Motor Bracket (Aluminium): 

 (Using SolidEdge) 

 (Using SolidEdge) 

 

Battery Bracket (Aluminium): Note: is from old ver. so actual values will be lower 

 

 
 

Battery Module (Aluminium)*2 with 12 alkaline batteries attached: 

 

 
 (Using SolidEdge) 

 

PCB Support (Al.), base and board: 

 

 

(Using SolidEdge) 

 

Total I of turning parts: 

 

 
 

The minimum height of the flywheel: 

 

 

 

 

 

 
This is assuming the flywheel is a simple cylinder with an outer radius of 62mm and an inner radius of 

23mm 

 

Using plastics: 

Motor Bracket (ABS Plastic): 

 (Using SolidEdge) 

 (Using SolidEdge) 

 

Battery Bracket (ABS Plastic): Note: is from old ver. so actual values will be lower 
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Battery Module (ABS Plastic)*2 with 12 alkaline batteries attached: 

 

 
 (Using SolidEdge) 

 

PCB Support (ABS Pl.), base and board: 

 

 

(Using SolidEdge) 

 

Total I of turning parts: 

 

 
 
The minimum height of the flywheel: 

 

 

 

 

 

 
This is assuming the flywheel is a simple cylinder with an outer radius of 62mm and an inner radius of 

23mm 
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Appendix  N 

 

Materials analysis 

  

A part of this project is to choose the right material, which means a material that is adequate for the job 
and within our budget consideration. This rules out extreme materials such as Gold, Carbon Fibre and 
Titanium. This appendix will analyse which material is most suitable for the internal frame work, 
flywheel, mounts and fasteners. The primary materials that will be evaluated are common metals and 
plastic. 
 
Flywheel 
 
The fly wheel needs to be fairly heavy so that the effective rotational inertia is greater at lower speeds.  
To achieve this, plastics have to be ruled out as their density is not high enough.  
It is most suitable to use a metal as it is easy to machine and easy to obtain. The options for metal are 
Lead, due its high density, and relatively low cost, but an important consideration is its toxicity . Another 
option is Cast Iron, this metal has a relatively high density, however it is hard to cast as the 
administrative process of receiving clearance and casting the fly wheel would take too long, resulting in 
little or no testing time. The most suitable material was found to be steel, it also has a relatively high 
density and it is cheaper to manufacture and obtain. We also have the administration clearance to work 
on steel in the workshop. 
 
Internal framework 
 
The internal frame work for this project has to be able to be machined easily as well as be light and 
inexpensive.  
The most suitable materials are plastic and metals. Plastics are quite cheap and relatively easy to 
manufacture a complex shape with the use of a plastic prototype printer. From the metals we can rule 
out Iron, Steel and lead as they are too heavy. We can also rule out Nickel, Copper and Gold as they 
are too expensive. The most suitable metal is Aluminium, a relatively inexpensive material with good 
machining properties and strength. It can easily be machined into complex structures that may be 
required. 
 
Mounts and Fasteners 
 
Mounts and Fasteners encompass a whole range of structures, including PCB mounts, Laser mounts, 
Battery fasteners, connection fasteners. Metal is easy to work with, however the best option is plastic 
printing; it’s relatively cheap and allows room for creative design and easy design-to-product translation. 
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