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1 Project Function and Scope
1. As of the end of the Requirements Review, on the 17th of October 2002, the Heavy Lift team project scope has been redefined.
The new scope is to:


Deliver a qualifying design for a radio controlled model aircraft following SAE specifications listed in the SAE Aero Design® West Heavy Lift competition rules.  The aircraft itself is not to be a registered entry into the competition. It is to be built only as an extracurricular activity based on the individual interest of team members.  Construction of the aircraft is not subject to any deadlines and is not to interfere with the main goal of the project – the design phase
2. Predict the maximum payload that can be lifted.
3. Use testing methods to predict the performance of individual aircraft components.
2 Preliminary Requirements
·    Knowledge and Expertise
· Simon Bergen

· Dave Horsley

· Doug Hyslip

· Dr. J.A.C Kentfield (University of Calgary)

· Dr. Rudy Pekau (Southern Alberta Institute of Technology)

· Adam Till

· Curtis Zaiss

· Literature 
· “Basics of R/C Model Aircraft Design” by Andy Lennon 
· “Airfoils at Low Speeds” by Michael Selig, John Donovan, David Frasier

· “Model Aircraft Aerodynamics” by Martin Simons
· Hobby Shops 

· PM Hobby Craft (formerly PMS Hobby Craft)
· Action Hobby Canada Ltd. (formerly R/C Hangar)

3 Product Design Specifications (PDS)
The following PDSs were compiled based on various “Design For X”s (DFX) which were deemed significant to the outcome of the project.  They are both addressed simultaneously in the following table.
Table 1:  Product Design Specifications 
	
	DFX
	Targets
	PDS

	1
	Competition Rules
	Aircraft should have a cargo bay complying with regulated volume
	· Cargo bay should have a minimum internal volume of 4800 cm3     (300 in3).

· Cargo holder dimensions:  

15.5 cm x 25.5 cm x 5 cm
· Cargo Bay dimensions:  6.5 in x 12 in x 4 in
· This must have a rectangular cross-section, be fully enclosed and easily measurable.

	2
	Competition Rules
	Wingspan must comply with competition rules.
	· Overall width of aircraft may not exceed 183 cm (72 inches)

	3
	Competition Rules
	Wing type must comply with competition rules
	· Only a fixed wing may be used.

	4
	Maximum Lift
	Airfoil selected for main wing(s) must be of type “high-lift and low-speed”
	· An airfoil of type SELIG 1223 will be used.  This has a 11.93% thickness.

	5
	Ease of manufacturability
	A simple wing planform should be chosen.
	· A rectangular main wing(s) planform will be used.

	6
	Stability
	Horizontal tail should stabilize moments generated by the main wing (s).
	· A symmetrical Eppler (E205A) airfoil will be used for the horizontal stabilizer airfoil.

	7
	Stability
	Center of gravity is chosen to ensure stable aircraft operation
	· The center of gravity will coincide with the mean aerodynamic center (MAC) of the main wing(s).


	8
	Light weight
	Empty Aircraft frame should be as light as possible
	· Dry weight of the frame cannot exceed 10 lbs


	
	DFX
	Targets
	PDS

	9
	Performance
	Aircraft must be able to lift at least as much weight as that of the winning aircraft in last year’s competition.
	· Payload consists of a support assembly (6.1 in x 10.04 in x 1.97 in) and plates used as weights.  The support assembly is designed to retain the weights in a homogeneous mass.

· A payload target weight ranging from 20 lbs to 30 lbs must be lifted.

· This is in addition to the dry weight and 4oz of fuel to complete the flight.  4oz. covers a 1 hour of flight.

· Payload is contained and secured inside cargo bay.

· Payload cannot contribute to the structural integrity of the aircraft

	10
	Competition Rules
	Execution of flight must comply with competition rules.
	· The aircraft has a take-off limit of 61 m (200 ft) to be executed within 5 minutes.  

· At least one 3600 turn must be completed in the air. 

· Landing distance is limited to     122 m (400 ft). 

	11
	Strength
	Landing gear must withstand multiple impacts.
	· Landing gear design is in the form of a tricycle.
· Front landing gear will be designed using a double strut connection for added rigidity.

	12
	Reliability
	Aircraft should withstand various weather conditions.
	· Overall aircraft structure and skin material is selected for operation under rainy or sunny conditions.

	13
	Competition Rules
	Fuel tank must be easily accessible.
	· Fuel tank and its contents must be easily inspected.  A 10% nitro-methane fuel will be used.

· Pressurized tank is optional but will not be used.


	
	DFX
	Targets
	PDS

	14
	Performance
	Engine must be chosen for optimum power.
	· Aircraft is powered by a single, unaltered, unmodified engine.

· No muffler enhancements.
· Tubes that redirect exhaust flow may be mounted onto the muffler exhaust pipe.

· An O.S. .61 FX Engine with an E-4010 Muffler is chosen based on recommendations of previous teams.  

· Engine weighs 23.6 oz with muffler.

· Assuming the engine provides       at least 7 lbs of thrust.

· Use a starter kit to start up the engine.

	15
	Ease of Inspection
	Engine must be easily examined.
	· Engine mount design should make for ease of inspection at any time.

	16
	Rigidity
	Select materials that increase overall aircraft rigidity
	· Materials selected for aircraft skin should enhance rigidity and avoid wing flutter and minimize skin drag.

· Use glass resin on cloth over intermediate aircraft layers for added rigidity.

	17
	Propeller Selection
	Use an appropriate propeller size given the capabilities of the chosen engine type.
	· Use 14x4 APC wide band propeller blades.

	18
	Safety
	Avoid propeller hazards 
	· No metal propellers may be used.

· Paint propeller tips bright red to enhance visual detection.

	19
	Visual Detection Aid
	Aircraft direction should be recognizable at a distance.
	· Paint the front section of the fuselage red to help determine, from a distance, the fore and aft sections of the aircraft.

· Paint the top of the aircraft white and the bottom black to help determine, from a distance, orientation of the aircraft.

	
	DFX
	Targets
	PDS

	20
	Control
	Use radio signals to control all control surfaces.
	· Entire aircraft is to be controlled using radio controls.

· Servos should be capable of operating under various air loads and weather conditions.

· No flaps will be used on main wings.

	21
	Competition Rules
	Use radio transmitters that meet preset competition frequency regulations.
	· Radio transmitters must meet model aircraft frequencies assigned by FCC and Academy of Model Aeronautics 1991 standards.  (look for golden sticker on the box)
· Use narrow band receivers for minimum system conflict.

	22
	Competition Rules
	Use a battery type which confirms with preset competition rules.
	· Use a battery pack of minimum 500 mAh size.

· Batteries can be charged anytime on ground.


4 Evaluation of Conceptual Designs
The concept designs for this project have to focus on meeting the criteria of the SAE competition while abiding by its rules and regulations.  A brief review of the rules and regulations set by SAE for this year’s competition reminds us that the aircraft must:

· take off in a distance no more than 200 ft

· qualify by carrying a minimum of 8 lbs of payload

· have an overall width that does not exceed 6 ft

· have a fixed wing configuration

· land and come to a complete stop in a distance of no more than 400 ft

It has been noted that there are no restrictions for planform area, length or height of the aircraft, which opens possibilities for multiple surface wing designs.  Apart from the limitations set by the competition rules, there were other criteria and certain characteristics that we decided to set and compare between each of the concept designs.  We have decided the lift criteria to be a gross weight of 30 lbs.  For a model aircraft not exceeding 10 lbs of dry weight, this means that the target payload will be at least 20lbs.  The characteristics that were compared are the estimated engine thrust required, the take-off velocity and distance required, and the wing loading for each design.  Preliminary calculations for estimating the performance of each concept design included assumptions which were to set certain variables as constants.  These assumptions are listed below:

· Aircraft operating at a Reynolds’ number of about 300000.

· Main lifting wing(s) have a Selig 1223 airfoil at angle of attack α =10º

· No flaps will be used on the Selig 1223.

· The coefficient of friction for Aluminum wheels rotating against smooth concrete is approximately µ=0.02.

· Horizontal stabilizers have an Eppler 205A airfoil at angles of attack α =5º and 2º.

· Use dorsal fin

· Friction drag from the fuselage and landing gears are so small compared to the overall drag, that it can be ignored. (approx. = 0)

· Assume small altitude changes and, therefore, constant air density and viscosity.

· Assume the engine thrust does not vary due to small changes in altitude or speed.

· aspect ratio for all the wings set to 5

· constant air density and viscosity at sea level at standard pressure and temperature

· angle of attack for free stream velocity with respect to the mean camber line of first wing or main lifting wing is set to 10º

· angle of attack for free stream velocity with respect to the mean camber line of the second and following wings are set to ½ of the preceding wing’s angle of attack

· coefficient of skin drag is approximately 0.008

· an APC 14x4 wide blade propeller is used for each design

4.1 The Phoenix:  Conventional Design

This design follows the conventional configuration of the wings, with one main lifting wing attached to a fuselage and a tail that is comprised of a vertical stabilizer and a set of horizontal stabilizers.  Although this design has already been proven to work, the conditions set for this year’s competition may provide a challenge for the conventional design.  Control surfaces such as ailerons, elevators and a rudder are incorporated into the wings to give the aircraft degrees of controllability.  Our first concept design, which we named the Phoenix, adopts the conventional design which uses the front main wing to generate approximately 90% of the lift while the tail horizontal stabilizers generate the remainder 10%.  The horizontal stabilizers have other purposes other than aiding lift, which are stability, and pitch control.    

Preliminary calculations have resulted in an estimated required engine thrust of 10.68 lbs, a take-off velocity of 29.64 mph, a take-off distance of 174.04 ft, and an average wing loading of 57.58 oz/ft2 as shown in Figure 1 below.  This design meets the limited 200 ft take-off distance and the limited 6 ft overall width of the aircraft. 
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Figure 1:  Conventional Design – HL Phoenix

The Phoenix has several advantages and disadvantages as illustrated in the Table 2 below.
Table 2: Advantages and Disadvantages of the Phoenix
	Pros
	Cons

	Easier stability calculation
	Limited wingspan means higher wing loading.

	Simpler servo setup
	Increased overall stress and strain in wings.

	Well balanced
	Might not provide sufficient lift (qualifying payload)

	Heavily customizable
	Requires most engine thrust out of the three designs considered.

	Previously proven to work
	Requires a higher takeoff velocity out of the three designs considered.


4.2 Nightingale A:  Tandem Wing Design

The tandem wing aircraft is a novel design which generates lift by spreading the load over two lifting wings instead of just one.  Such an exotic design deserves an exotic name, thus for this second concept, we named the model the Nightingale.  The Nightingale has two variations with the scaling of each wing.  We chose to evaluate the model that would generate less drag while carrying the greater half of the load on the front wing.  The fore wing will generate approximately 51% of the required life while the aft wing will generate the remaining 49%.  This model has a smaller scaled front wing with respect to the aft wing, dubbed the Nightingale A.  For this design, control surfaces such as ailerons, elevators, a rudder and perhaps elevons (a multi-function flap that can be used as an aileron and an elevator) are to be included into the wings to give degrees of controllability.  A variation of Nightingale A would be to have both wings of equal size, which does shorten the required take-off distance at a lesser required take-off velocity and giving a lesser wing loading, however at the cost of increasing the required thrust from the engine.  
Preliminary calculations have resulted in an estimated required engine thrust of 9.33 lbs, a take-off velocity of 26.64 mph, a take-off distance of 179.61 ft, and an average wing loading of 48.66 oz/ft2 as shown in Figure 2 below.  This design meets the limited 200 ft take-off distance and the limited 6 ft overall width of the aircraft.
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Figure 2:  Tandem Wing Design – HL Nightingale A

The Nightingale has several advantages and disadvantages as illustrated in the Table 3 below.
Table 3: Advantages and Disadvantages of the Nightingale
	Pros
	Cons

	Extra lifting wing to enhance lift
	Difficult to design

	Reduces overall drag
	Positioning of wings and separation distance complicate the design of the fuselage

	Less engine thrust required than the Phoenix
	Challenging setup of servos

	Take off velocity is less than the Phoenix
	

	Wing loading is less than the Phoenix
	


4.3 Yggdrasil A:  Tri-Surface Wing Design

The tri-surface wing design is another novel idea similar to the tandem wing.  However, the load is spread over three lifting wings instead of just two lifting wings.  With three wings to help lift the aircraft, for this third concept we named the model the Yggdrasil.  The front wing will carry approximately 49% of the weight, the middle wing will carry approximately 47% of the weight and the aft wing will carry approximately 4% of the total weight.  For this design, control surfaces such as ailerons, elevators, a rudder and perhaps elevons (a multi-function flap that can be used as an aileron and an elevator) are also to be included into the wings to give degrees of controllability.  The Yggdrasil also has two variations with the scaling of the main lifting wings.  We chose to evaluate the model that has a smaller scaled front wing with respect to the middle wing, dubbed the Yggdrasil A.  A variation of this would have both the front and middle wings set at equal sizes, which would give an overall performance similar to that discussed for the Nightingale A variations.  
Preliminary calculations have resulted in an estimated required engine thrust of 9.12 lbs, a take-off velocity of 26.12 mph, a take-off distance of 177.73 ft, and an average wing loading of 42.12 oz/ft2 as shown in Figure 3 below.  This design meets the limited 200 ft take-off distance and the limited 6 ft overall width of the aircraft.
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Figure 3:  Tri-Surface Wing Design – HL Yggdrasil A

The Yggdrasil has several advantages and disadvantages as illustrated in the Table 3 below.
Table 3: Advantages and Disadvantages of the Yggdrasil
	Pros
	Cons

	More lifting wings to enhance lift.
	Difficult to design.

	Least engine thrust required compared to other two designs considered.
	Positioning of wings and separation distance complicate the design of the fuselage

	Least takeoff velocity compared to other two designs considered.
	Challenging setup of servos

	Least wing loading compared to other two designs considered.
	

	Overall reduced stresses and strains in wings due to reduced wing loading.
	


An evaluation matrix is constructed to determine the feasibility of each of the three above mentioned designs.  In this matrix, each criterion is weighted based on its importance to the outcome of the evaluation.  Hence, this is a scale of 1 to 5 with 1 being of least significance, and therefore carrying less weight, and 5 being the most significant.  The weighted score for each design is a product of the assigned score and the weight of the criteria itself.  This matrix is given in Table 4 below:
Table 4:  Evaluation Matrix of the Three Conceptual Designs
	
	HL Phoenix Scores
	HL Nightingale A Scores
	HL Yggdrasil A Scores

	Criteria
	Weighting
	Assigned
	Weighted
	Assigned
	Weighted
	Assigned
	Weighted

	Required Engine Thrust
	5
	2
	10
	3
	15
	3
	15

	Take off distance
	4
	5
	20
	3
	12
	3
	12

	Wing Loading
	3
	2
	6
	3
	9
	4
	12

	Take off velocity
	2
	3
	6
	4
	8
	4
	6

	Totals
	42
	
	44
	
	45


From this evaluation matrix, the tri-surface Yggdrasil design appears to have several advantages with respect to the evaluation criteria as compared to the others.  Both of the other two conceptual designs have scored lower than the tri-surface Yggdrasil.  It would seem that this is the most feasible design for our project goal; however, this matrix is not the only deciding factor.  More input and ideas based on personal experience will be gained from this conceptual design review based on which a final design concept will be chosen for further development.
5 Feasibility Analysis

5.1 Violation of Physical Laws
The selected designs are all existing model aircraft configurations proven to operate under normal physical laws.  Aircraft is expected to perform under normal gravitational pull and at atmospheric pressures and temperatures.

5.2 Infringement of intellectual property considerations
Our aircraft design is not meant to be patented or resold.  It makes use of other existing designs which fall under no copyright laws since they are published in handbooks for user reference and use.

5.3 Violation of Project / Resources Constraints

Had we been designing for a fixed wingspan (72in) on all aircraft , then the OHS (Outboard Horizontal Stabilizer) design would have violated this constraint be requiring a larger wing span for the same amount of lift to be generated.  This means, however, that these designs do not violate any project or resource constraints.

5.4 Availability of Technology Infrastructure

Infrastructure needed for the project consists of tools, materials and information sources.  As foreseeable at this point, the tools needed are, for instance, a hot wire cutter for the manufacture of the aircraft wings, glue, ruler, marker, cutting edge, screwdriver and hammer.

Material resources available for the project are basically limited to those sold in local hobby shops.  None of the 3 aircraft designs under consideration requires extra material not found in stores.

5.5 Compatibility with Legal, Environmental Requirements

All three aircraft designs must be operated by a licensed pilot in accordance with FAA standards.  As to environmental considerations such as noise and exhaust pollution, we are going to use a standard OS Engine which has been previously been proven to meet environmental requirements for noise and pollution levels.

6 Manufacturing Constraints

6.1 Development and Test Facilities Available:
Resources

· Machine shop located in the basement of Mechanical Engineering 

Building.

· Computer facilities located on the third floor of Mechanical Engineering building.

6.2 Other Constraints

· Money:  Funds required is dependent on the part of the aircraft to be built for testing purposes.
· Resources:  materials and time

6.3 Labor and Skills Available

Sources of labor and skills available for this project come from the main team members as well as additional input from a second year engineering student and a mechanical engineering graduate.

6.4 Quantity Manufactured

Only one model aircraft is required.

7 Environmental Considerations
7.1 Within Natural Environment

Targeted Environment

Aircraft design is based on standard atmospheric conditions at sea level.  Climatic changes between Alberta and California must be taken into consideration.  Assume altitudes operated at have negligible pressure and temperature changes.
Aircraft Acceleration and Vibration

Assuming a smooth concrete runway, the coefficient of friction between the runway and aluminum wheels (landing gear) is 0.02.
Contaminants

Dust particles and debris expected to exist in the air could potentially contaminate the engine ventilation and, hence, reduce or impair engine performance.  We will use a dust filter to minimize this effect.
7.2 Within Aircraft System Environment

Expected Operators

Pilot must be AMA certified.  The Canadian counterpart for AMA is the MAAC whose certification may be exempted.

8 Hazards of Human Origin
8.1 Common Hazards

The following operator attributes are most likely to result in hazardous situations during all phases of aircraft testing and use.  Consequences of such behavior are likely to have implications on both operator and spectators:  

· Ignorance

· Poor or insufficient judgment

· Indifference and carelessness

· “Horseplay”

8.2 Smoking

Smoking is most dangerous during aircraft fueling procedures.  The fuel substance can potentially ignite and cause an explosion especially in a pressurized tank.

9 Hazards of Non-human Origin

9.1 Weight

By continuously increasing the payload, there is potential that the engine will not be able to handle the excess weight during flight.  This may result in stalling of the aircraft and eventually crashing.

9.2 Speed

High speeds may cause crash in flight, takeoff, and landing.

9.3 Sharp Edges and Shrapnel

Sharp edges are found on the propeller blades which may cause injury to the operator when not properly handled.  Shrapnel (flying objects) may also come off of the propeller when rotating.  

9.4 Sudden Actions

Sudden actions are not expected to occur since flight conditions are restricted to low Reynolds’ numbers (below 106) at relatively low altitudes.  This reduces the possibility of encountering air turbulence.

9.5 Visibility

Aircraft must remain visible to the naked eye at all times during flight or else it is not possible to control it.

9.6 Noise

The engine is likely to produce 80-90dB of noise.  This produces noise pollution harmful to spectators sensitive to these noise levels.

9.7 Heat

The engine temperature is expected to increase making it a hazard for bare skin contact. 

10 Modes of Product Usage

10.1 Intended use

The model aircraft is intended solely for use as a valid entry design for the SAE heavy lift competition 2003.  Use of this aircraft for any other purposes may result in its failure along with the threat of unpredictable hazards to both the operator and the surroundings.

Life Expectancy

The aircraft is expected to remain functional for the duration of the testing phases of the design and further into the SAE competition.  This means an estimated 25 to 30 flights including test runs.
Operating Instructions

An operator’s manual is to be provided for clarification of the basic aircraft flight controls.

10.2 Repair and Maintenance

Improper accessibility to significant components such as engine and servos may pose as an obstacle for aircraft repair and maintenance.
10.3 Setup

The use of propellers as part of the aircraft setup may increase the potential hazards involved.  Specifically, when starting the engine using a start up kit, the propeller rpm will increase significantly making it a dangerous situation for those involved.

Caution Labels

Clear caution labels should be placed on the engine mount to remind operator of propeller hazard during engine startup.  This label reads:
DANGER – ENGINE HOT


HIGH RPM


DO NOT STEP


NO SMOKING

10.4 Storage

Storage of the aircraft while containing fuel is not recommended anywhere because it poses a flammable hazard to anyone who is not aware of its contents.  The engine should also contain no fuel.
11 Assessment of Product Risk

User-related Risks

Product must be easily operated and not too complicated for a user to fly.

12 Future Actions
· Further research into aerodynamics and lift concept.

· Meet with some of the previous years’ team members.
13 Failure Modes and Effect Analysis

Product:  Radio controlled model aircraft







Completed by:  Heavy Lift team

Date Completed:  November 18, 2002








Revision # :  1

	Item / Part

No.
	Part Description
	Part Function
	Failure Mode
	Failure Effects
	Severityα
	Causes
	Probability of Occurrenceβ
	Current Controls
	Effectiveness of Controlγ
	RPNδ
	Recommended Actions

	1
	Nose Cone
	· Streamlines the airflow upon first contact with aircraft
· Holds propeller in place
	a) Cracks
	Decrease both aerodynamic efficiency and propeller stability


	5
	Material failure
	2
	Material selection
	5
	50
	Consult expertise.

	
	
	· 
	b) Dents
	
	4
	Excessive or impact forces
	
	Material selection
	6
	48
	Consult expertise.

	
	
	· 
	c) Misaligned Threads
	
	4
	Cross threading
	
	Assembly
	2
	8
	Proper handling.

	2
	Propeller
	· Provide thrust by rotation
	a) Cracked blades
	Shrapnel and flying objects
	9
	Material failure
	5
	Material selection
	5
	225
	Consult expertise.

	
	
	· 
	b) Twisted blades
	Difficulty generating thrust
	5
	Impact forces
	
	Material selection
	6
	150
	Consult expertise.

Proper landing.

	
	
	· 
	c) Bent blades
	Difficulty generating thrust
	6
	Impact forces
	
	Material selection
	6
	180
	Avoid introduction of objects into propeller while it is in motion.


	Item / Part

No.
	Part Description
	Part Function
	Failure Mode
	Failure Effects
	Severityα
	Causes
	Probability of Occurrenceβ
	Current Controls
	Effectiveness of Controlγ
	RPNδ
	Recommended Actions

	3
	Engine
	· Converts chemical energy to mechanical energy
	a) Overheated
	Hazard of burns
	8
	Improper maintenance
	2
	Instructions
	2
	32
	Do not leave engine constantly running and use it discontinuously.

	
	
	· 
	b) Seize
	No Power
	9
	Improper maintenance
	
	Performance check
	9
	162
	Increase resting periods between flights.

	
	
	· 
	c) Cracks
	Reduced Efficiency
	7
	Ineffective filter
	
	Performance check
	9
	126
	Consult expertise

	4
	Fuselage/ Cargo Bay
	· Provide structural stability

· Hold payload
	Cracks and tears in the hall
	Increased drag and compromised structural integrity
	3
	Material failure and excessive forces
	5
	Inspect before flight and reinforce fuselage hall.
	3
	45
	Minimize fuselage contact with rough objects.  

Consult expertise and handle fuselage with care.

	5
	Wing
	· Generates lift
	a) broken wing
	Decreased lift and increased drag
	9
	Material failure.

Excessive forces
	5
	Wing inspection before takeoff.

Reinforcing the wing structure.
	9
	405
	Consult expertise and handle wing with care.

	
	
	· 
	b) detached wing
	
	9
	
	
	
	8
	360
	

	6
	Servos
	· Connect and control the control surfaces
	a) Broken 
	Reduction of aircraft controllability
	7
	Material failure
	2
	Preflight response testing
	5
	70
	Consult expertise and handle wing with care.

	
	
	· 
	b) Detached
	
	7
	Electric failure
	
	
	5
	70
	


	Item / Part

No.
	Part Description
	Part Function
	Failure Mode
	Failure Effects
	Severityα
	Causes
	Probability of Occurrenceβ
	Current Controls
	Effectiveness of Controlγ
	RPNδ
	Recommended Actions

	7
	Radio Transmitter/ Receiver
	· Relay information from Pilot to controls
	a) Frequency interference
	Loss of control
	8
	Other T/R sets used by other contestants
	2
	Clearly announce takeoff to have others turn their sets off.
	2
	32
	Ensure that an experienced pilot is flying the aircraft.

	
	
	· 
	b) Signal out of range
	Loss of control
	
	Low battery power
	
	Check battery power with a voltmeter.
	2
	32
	

	8
	Landing Gear
	· Supports aircraft on ground

· Absorbs impact during landing
	a) Shearing off
	Crash
	8
	Impact forces and material failure
	5
	Smooth landing.
	4
	160
	Ensure softer landing and no in-flight collisions.

	
	
	· 
	b) Deformation
	
	
	
	
	Material selection and information on exiting deformations in the material.
	3
	120
	

	9
	Control Surfaces
	· Adjusts flight path
	a) Misaligned
	Decrease controllability
	5
	Improper installation
	3
	Conduct preflight response tests.  

User instructions
	1
	15
	Consult expertise and follow user manual.

	
	
	· 
	b) Programmed incorrectly
	Operator confusion
	
	
	
	
	2
	30
	


	Item / Part

No.
	Part Description
	Part Function
	Failure Mode
	Failure Effects
	Severityα
	Causes
	Probability of Occurrenceβ
	Current Controls
	Effectiveness of Controlγ
	RPNδ
	Recommended Actions

	10
	Fuel Tank
	· Stores fuel for engine
	Leaks
	Fire hazard and shortened flights.
	8
	Impact and material failure
	1
	Avoid fuel tank from coming in direct contact with inner fuselage walls.
	4
	32
	None

	11
	Batteries
	· Provide electrical power for radio components
	a) Empty
	No Power
	6
	Life span
	2
	None
	N/A
	12
	Use a fresh battery for each flight.

	
	
	· 
	b) Drain
	Reduced range and loss of control
	
	
	
	
	
	
	

	
	
	· 
	c) Leak
	
	
	
	
	
	
	
	


Severity Ratingsα
	1
	Insignificant 
	Severity of failure is undetected and/or considered insignificant by customers

	2
	Very Minor
	Failure effects noticed by a few customers.

	3
	Minor
	Failure effects noticed by average customers.

	4
	Very Low
	Failure effects recognized by most customers.

	5
	Low
	Reduced performance of comfort or convenience items.  Product is still operable.

	6
	Moderate
	Failure of comfort or convenience items.  Product is still operable.

	7
	High
	Failure leaving product operable at a lower level of performance.  High degree of customer dissatisfaction.

	8
	Very High
	Failure of primary functions leading to intolerable effects on customers.  Lengthy and costly repairs required.

	9
	Hazardous with Warning
	Failure with warning.  Risk of injury or fatality.

	10
	Hazardous without Warning
	Failure without warning.  Risk of injury or fatality.


Probability of Occurrence Ratingsβ

	1
	Unlikely (few failures)
	<0.0001% chance of happening or 1 in a million

	2
	Moderate (occasional failures)
	0.1% chance of happening

	3
	High (repeated failure)
	10% chance of happening

	4
	Very High (relatively consistent failure)
	33% chance of happening or 1 in 3.

	5
	
	More than 50% chance of happening or higher than 1 in 2.


Control Effectiveness Ratingsγ

	1
	Excellent
	Very effective controls.

	2
	Very High
	Effectiveness of control is questionable.

	3
	High
	Failure will go undetected

	4
	Moderately High
	

	5
	Moderate
	Control is only effective under certain conditions.

	6
	Low
	

	7
	Very Low
	

	8
	Poor
	Failures are extremely unlikely to be prevented or detected.

	9
	Very Poor
	

	10
	Ineffective
	Failures almost certainly cannot be prevented or detected.


Risk Priority Number (RPN) δ
The RPN is obtained by multiplying the values of the above three ratings (severity, probability and effectiveness).  A larger RPN indicates a higher priority for corrective actions.

14 Project Timeline
Please refer to the attached Project Plan Gantt chart.
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