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Linear Infrastructure Inspection UAS 

Abstract 

This Request for Proposal (RFP) is for the design of a complete Unmanned Aerial System 
(UAS) for power transmission line inspection. The system is intended to have lower cost 
and better safety than a manned fixed-wing aircraft or helicopter traditionally used for this 
role. The entry into service (EIS) is 2020 for a system capable of inspecting 100 linear miles 
or power lines in one working day. 

Background 

Recent advances in low power propulsion systems, low-cost airframe manufacturing 
techniques, and capable low-cost autopilots has made commercial small Unmanned Aerial 
System (UAS) a reality. UAS design solutions are taking on many forms to satisfy similar 
missions. For example, small electric fixed wing aircraft and Vertical Takeoff and Landing 
(VTOL) systems often compete for similar markets and roles. 

There are numerous potential commercial UAS missions that have great economic 
potential, but are not yet common. A major mission set is linear infrastructure inspection, 
which may include electrical power transmission, pipelines, roads, and railways. This RFP 
focuses on the power transmission mission. 

Much of the electrical power transmission infrastructure is above ground and is therefore 
susceptible to damage due to vegetation interference. Power companies clear the corridors 
for vegetation periodically, but growth persistently continues. Power outages are often 
caused by trees or branches falling on power lines. This frequently occurs in storms with 
high winds. In addition to the loss of power, vegetation interference can cause safety 
hazards such as fires and electrocution. 

Knowledge of the vegetation conditions can make maintenance more economical. The 
heights, density, and types of trees can affect when the vegetation will interfere with the 
power lines. This can help with scheduling of trimming the undergrowth and sides of the 
right of way. The maintenance can be performed based on the need rather than by a 
periodic schedule, which will reduce costs and better prevent outages. Better knowledge of 
vegetation conditions can improve asset utilization. 

• The power line surveys must include vegetation clearances, trees, vegetation 
encroachments, span lengths, sag distances, and structure heights. The output is typically a 
Digital Elevation Model (DEM) or Digital Surface Model (DSM). 

• Infrared imagers can help determine the temperature of the power lines. 
o The power lines will sag as electrical current passes through due to thermal 

expansion. The heat is caused by the electrical resistance losses. The line sag is also 
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sensitive to ambient temperature; hotter days will produce more line sag due to 
thermal expansion. The sagging lines are lowered closer to the vegetation below. 

• A high resolution still camera will be sued to map the vegetation below and provide 
information on the condition of the transmission towers. 

o This imagery will be used to help identify specific tree species and identify 
transmission tower components that require repairs. 

Concept of Operations 

Aircraft must operate from a small unimproved site. One launch and recovery option is a 
dirt road (like a fire road or access road). Alternatively, the system may launch and recover 
from a clearing in the woods. Specialized launch and recovery equipment may be added to 
the pickup truck. 

The mission is to perform power transmission line inspection in rural areas. A survey crew 
will utilize standard seize 2018 F-150 pickup trucks as the base vehicle. The ground station 
will be limited to the front passenger seat. Antennas for communications to the aircraft will 
be mounted to the truck. All UAS must be carried within the vehicle. 

Mission: Cover 100 linear miles of power transmission lines in one day. The truck will 
position itself at the center of this linear extent at the beginning of the mission such that the 
aircraft must fly 50 miles in either direction before returning to the midpoint. 

Communications: A distributed communications network will be set up along the route so 
that the aircraft may fly at low altitude without loss of communications. However, the 
minimum altitude above the ground is set to 150 feet to avoid ground obstructions. Per 
regulations, the maximum altitude is 400 feet. The design teams may select the optimal 
cruise altitude to enable best data collection. 

The number of survey vehicles, vehicle performance, launch and recovery methods, and 
vehicle types may be selected by the team. The objective is to perform the mission on a 
recurring basis at the lowest life cycle cost, which is defined here as the acquisition plus the 
operations cost. 

The teams should consider how the system will be maintained. Modularity is one approach. 
Consider which parts will be modular based on reliability and durability. 

Compliant with FAA Part 107 regulations with the exception of BVLOS restrictions. The 
aircraft must weigh less than 55 lbs.  

Requirements (M) = Mandatory Requirement (T) = Tradable requirement 

• General Requirements 

o (M) Capable of taking off and landing from unimproved dirt roads or clearings 
(dirt, grass) 

o (M) System shall be able to survey 100 linear miles of power transmission lines 
in one day. 
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o (M) Capable of autonomous flight with an autopilot under lost link conditions. 

o (T) Capable of flight in 20 knot sustained winds and 35 knot gusting winds. 

o (M) Meets applicable certification rules in FAA 14 CFR Part 107 

 Beyond Visual Line of Sight (BVLOS) exception 

o (M) Propulsion system assumptions documented 

 Use of propulsion systems that will be in service by 2020. 

- Assumptions on at least specific fuel consumption/efficiency, 
thrust/power and weight should be specified. 

- Ensure that the power used by alternators, generators or other 
devices are accounted for. 

 Use of electric motor(s) that will be in service by 2020 and document 
battery energy and power density assumptions based on reasonable 
technology trends. 

- Document system efficiency including at least the efficiency of the 
batteries, wires, controllers, thermal management system, 
connectors, motors and propellers to calculate a total propulsive 
efficiency. 

- Document electric propulsion system weight 

o (T) Provide systems and avionics architecture that could enable autonomous 
flight 

o (M) Flight through zero-visibility weather at safe altitude. No payload 
operations will occur in these conditions. 

o (M) Landing operations may occur in visibility of 100 feet. 

• Payload Systems Requirements 

o (M) The baseline payload will be a RIEGL miniVUX-1UAV weighing 1.55 kg. The 
LiDAR point clouds should have a density of 25 points per square meter. 

o (T) An optional payload is a high-resolution still camera. The camera selection 
is open. 

o (T) An optional payload is a Long Wave Infrared fixed camera for detecting 
transmission line temperature. The camera selection is open. 

o (M) The aircraft will use a GPS-based autopilot capable of autonomous 
operations. 

o (M) Transponders: the aircraft will have an ADS-B with broadcast capability. 
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o (T) The aircraft will avoid terrain based on mission planning. 

• Field Performance 

o (M) The aircraft must be able to launch and recover from an unimproved dirt 
road with a linear distance of 500 feet. The road is 10 feet wide. Tall gras is on a 
10-foot-wide shoulder on either side. Trees 50 feet tall are situated at either 
end of the 500-foot length and 15 feet from either side of the road. 

o (T) Alternatively, the aircraft may launch and recovery from an open area with 
a diameter of 150 fee. 50-foot tall trees are located at the edge of the circle. A 
15-foot diameter region at the center can be used for launch and recovery 
operations, which is covered by slightly uneven ground with scattered 2” 
diameter rocks and 5” tall grass. 

o (T) The pickup truck may support launch and recovery operations with 
specialized launch and recovery equipment. 

• Ground Station and Support Requirements 

o (M) System will operate from a 2018 Ford F-150 SuperCrew cab pickup truck. 

o (M) Ground station will use the right front seat and 12 Volt truck power. 

o (T) The communications antennas will be mounted to the truck. 

o (M) The entire system must be contained within the truck. 

o (M) The system must be capable of attaining flight fifteen minutes after 
reaching the site. 

• VTOL Requirements 

o (M) Thrust to weight ratio at maximum takeoff weight and at maximum 
altitude shall be no less than 1.3. 

o (M) If multiple vertical lift devices are used, the aircraft must be operable in a 
degraded state. 

o (T) People on the ground must be protected from spinning blades. 

• Fixed-Wing Requirements 

o (M) The aircraft must have the ability to perform an emergency recovery in the 
event of a propulsion failure. 

o (M) The aircraft should be designed to minimize risk of injury for people on the 
ground. 

. 
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Design Objectives 
• Minimize production cost by choosing materials and manufacturing methods appropriate 

for the annual production rate that is supported by the team’s assessment of the potential 
market size. 

• Make the aircraft visually appealing so it will be marketable and identify what features are 
important to the operators for different missions. 

• Make the aircraft reliability equal or better than that of comparable aircraft. The flight 
reliability may be reduced based on probability of injury for those on the ground. 

• The time to swap out a failed component should be 10 minutes or less. 
 

Other features and considerations 

• The air vehicle should be compatible with FAA Part 107 with the exception of Beyond Visual 
Lines of Sight (BVLOS) restrictions. 

• The aircraft must weigh less than 55 lbs. 
• The aircraft must operate below 400 feet above ground level (AGL). 
• Consider what features will be basic and which will be optional to a customer. 

Notes and assumptions: 

• Assume an EIS of 2020 when making technology decisions. 

 

Proposal and Design Data Requirements 

The technical proposal shall present the design of this aircraft clearly and concisely; it shall 
cover all relevant aspects, features, and disciplines. Pertinent analyses and studies 
supporting design choices shall be documented. 

Full descriptions of the aircraft are expected along with performance capabilities and 
operational limits. 

These include, at a minimum: 

1. A description of the design missions defined for the proposed concepts for use in 
calculations of mission performance as per design objectives. This includes the selection of 
cruise altitude(s) and cruise speeds supported by pertinent trade analyses and discussion. 

2. Aircraft performance summaries shall be documented, and the aircraft flight envelope shall 
be shown graphically. 

3. Payload range chart(s) 
4. A V-n diagram for the aircraft (if a fixed-wing design is used) with identification of 

necessary aircraft velocities and design load factors. 
a. Required gust loads are specified in 14 Code of Federal Regulations (CFR) Part 23. 

5. Materials selection for main structural groups and general structural design, including 
layout of primary airframe structure as well as the strength capability of the structure and 
how that compares to what is required at the ultimate load limits of the aircraft. The 
maximum dive speed of the aircraft shall be specified. 
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6. Complete geometric description, including dimensioned drawings, control surfaces sizes 
and hinge locations, and internal arrangement of the aircraft illustrating sufficient volume 
for ll necessary components and systems. 

a. Scaled three-views (dimensioned) and 3-D model imagery of appropriate quality are 
expected. The three-view must include at least: 

i. Fully dimensioned front, left, and top views 
ii. Location of aircraft aerodynamic center (from nose) – fixed wing only 

iii. Location of average CG location (relative to nose) 
iv. Tail moment arms – fixed wing only 

b. Diagrams and/or estimates showing that internal volume requirements are met, 
including as a minimum the internal arrangements of the payloads and subsystems. 

c. Diagrams showing the location and functions for all aircraft systems. 
7. Important aerodynamic characteristics and aerodynamic performance for key mission 

segments and requirements 
8. Aircraft weight statement, aircraft center-of-gravity envelope reflecting payloads and fuel 

allocation. Establish a forward and aft center of gravity (CG) limits for safe flight. 
a. Weight assessment summary shall be shown at least at the following level of detail: 

i. Propulsion (engine/motor, batteries, controller, wiring, heat sink, cowl, 
strut, propeller, spinner etc. as applicable) 

ii. Airframe Structure 
1. Wing 
2. Empennage 
3. Landing Gear (including wheels tires and brakes) 
4. Fuselage 

iii. Control system (flight controls linkages, wires, actuators, propulsion 
controls etc.) 

iv. Payloads 
v. Systems 

1. Avionics 
2. Fuel, batteries, or other energy sources 
3. Mission systems, including payloads, communication systems, and 

onboard payload data processing. 
9. Propulsion system description and characterization including performance, dimensions, 

and weights. The selection of the propulsion system(s), sizing, and airframe integration 
must be supported by analysis, trade studies, and discussion 

10. Summary of basic stability and control characteristics; this should include, but is not limited 
to static margin, pitch, roll and yaw derivatives. 

11. Summary of cost estimate and a business case analysis. This assessment should identify the 
cost groups and drives, assumptions, and design choices aimed at the minimization of 
production costs. 

a. Estimate the non-recurring development costs of the airplane including engineering, 
regulatory compliance, production tooling, facilities and labor 

b. Estimate the system total cost and aircraft unit fly away cost (including payload) 
c. Estimate the price that would have to be sold for to generate at least a 15% profit 
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i. Show how the system could be produced profitably at production rates 
ranging from 10-20 systems per month or a rate that is supported by a brief 
market analysis 

d. Estimate of direct operating cost per airplane flight hour 
i. Fuel, battery cost and other consumable quantities 

ii. Estimate of maintenance cost per flight hour 
iii. Flight and cabin crew costs per hour 

The proposal response will include trade documentation on the two major aspects of the 
design development, a) the concept selection trades, and b), the concept development trade 
studies. The student(s) is (are) to develop and present the alternative concepts considered 
leading to the down-select of their preferred concept. The methods and rationale used for 
the down-select shall be presented. At a minimum a qualitative assessment of strengths 
and weaknesses of the alternatives shall be given, discussing merits, leading to a 
justification as to why the selected proposal is the best at meeting the proposal measures of 
merit(s) will strengthen the proposal. 

In addition, the submittal shall include the major trade studies conducted justifying the 
optimization, sizing, architectural arrangement and integration of the specifically selected 
proposal concept. Quantitative data shall be presented showing why their concept ‘works’ 
and is the preferred design compromise that best achieves the RFP. 

Specific analysis and trade studies of interest sought in proposals include: 

Mission performance and sizing for the definition of a mission profiles. 

Overall aircraft concept selection (airframe and propulsion system) vs. design 
requirements objectives 

All concept and technology assumptions must be reasonable and justified for the EIS year. 

Procured Data 

No data is procured as part of this RFP 

Additional Contacts 

All technical questions pertaining to this RFP should be directed to Jay Gundlach via email 
at: jay.gundlach@fhengineering.com  

Any updates to this RFP will be posted on the AIAA Design Competitions web site 
http://www.aiaa.org/DesignCompetitions/  

Reference Material 
• FAA Part 107  

• RIEGL Mini Vux LiDAR Payload: http://products.rieglusa.com/item/all-categories-
unmanned-scanners/minivux-1uav--airborne-laser-scanners/riegl-minivux-1uav  

mailto:jay.gundlach@fhengineering.com
http://www.aiaa.org/DesignCompetitions/
http://products.rieglusa.com/item/all-categories-unmanned-scanners/minivux-1uav--airborne-laser-scanners/riegl-minivux-1uav
http://products.rieglusa.com/item/all-categories-unmanned-scanners/minivux-1uav--airborne-laser-scanners/riegl-minivux-1uav
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Representative Aircraft Designs 

• Microdrones 
• Riegl RiCopter 
• AeroVironment Puma 
• Insitu ScanEagle 
• Textron Aerosonde 

 

Design Competition Rules 
 

Eligibility Requirements 
• All AIAA Student members are eligible and encouraged to participate. Membership with 

AIAA must be current to submit a report and to receive prizes. 
• Students must submit their letter of intent and final report via the online submission to be 

eligible to participate. No extensions will be granted. 
• More than one design may be submitted from students at any one school. 
• If a design group withdraws their final report from the competition, the team leader must 

notify AIAA Headquarters immediately. 
• Design projects that are used as part of an organized classroom requirement are eligible 

and encouraged for competition. 

Schedule 
• Letter of Intent — 10 February 2019 (11:59 pm Eastern Time) 
• Proposal delivered to AIAA Headquarters — 10 May 2019 (11:59 pm Eastern Time) 
• Announcement of Winners — 31 August 2019 (11:59 pm Eastern Time) 

o Engine Design Competition dates 
 Letter of Intent – 14 February 2019 (11:59 pm Eastern Time) 
 Proposal submitted, via online submission site to AIAA Headquarters – 16 

May 2019 (11:59 pm Eastern Time) 
 Round 1 evaluations completed – 30 June 2019 (11:59 pm Eastern Time) 
 Round 2 presentations at AIAA Propulsion and Energy Forum 2019 

Categories/Submissions 
• Team Submissions 

o Team competitions will be groups of not more than ten AIAA Student Members per 
entry. 

• Individual Submissions 
o Individual competitions will consist of only one AIAA Student member per entry.  

• Graduate 
o Graduate students may participate in the graduate categories only. 
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• Undergraduate 
o Undergraduate students may participate in the undergraduate categories only. 

• Letter of Intent (LOI) 
o A Letter of Intent indicating interest in participating in the design competitions is 

required before submitting a final report. 
o All Letters of Intent must be submitted through the online submission system. 
o Letter of Intent must include student’s names, emails, AIAA membership numbers, 

faculty advisor(s) names, emails, and project advisor(s) names and emails. 
Incomplete LOI’s will result in the Team or Individual being ineligible to compete in 
the competition. 

• Submission of Final Design Report 
Each team or individual must provide an electronic copy their design report as outlined 
below to the online Submission site 

o An electronic copy of the report in Adobe PDF format must be submitted to AIAA 
using the online submission site. Total size of the file cannot exceed 25 MB. 

o Electronic report files must be named: “2019_[university]_DESIGN_REPORT.pdf” 
o A “Signature” page must be included in the report and indicate all participants, 

including faculty and project advisors, along with students’ AIAA member numbers 
and signatures. 

 
o Electronic report should be no more than 100 pages, double-spaced (including 

graphs, drawings, photographs, and appendices) if it were to be printed on 
8.5”x11.0” paper, and the font should be no smaller than 10 pt. Times New Roman.  

 

Copyright 
All submissions to the competition shall be the original work of the team members.  
 
Authors retain copyright ownership of all written works submitted to the competition. By virtue of 
participating in the competition, team members and report authors grant AIAA non-exclusive license to 
reproduce submissions, in whole or in part, for all of AIAA’s current and future print and electronic uses. 
Appropriate acknowledgment will accompany any reuse of materials. 

 

Conflict of Interest 

It should be noted that it shall be considered a conflict of interest for a design professor to 
write or assist in writing RFPs and/or judging proposals submitted if (s)he will have 
students participating in, or that can be expected to participate in those competitions.  A 
design professor with such a conflict must refrain from participating in the development of 
such competition RFPs and/or judging any proposals submitted in such competitions.  

 

Awards 
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The prize money provided for the competitions is funded through the AIAA Foundation. 
The monetary awards may differ for each competition, with a maximum award of $1,000. 
The award amounts are listed below.  
 
The top three design teams will be awarded certificates. One representative from the first 
place team may be invited by the Technical Committee responsible for the RFP to make a 
presentation of their design at an AIAA forum. A travel stipend may be available for some 
competitions, with a maximum travel stipend of $1,000 which may be used to help with 
costs for flight, hotel, or conference registration to attend an AIAA forum. 

  

Aircraft Design Competitions 
• Graduate Team Aircraft – Electric Vertical Takeoff and Landing (E-VTOL) Aircraft 
• Undergraduate Team Aircraft – Thin Haul Transport and Air Taxi 

o 1st Place: $500; 2nd Place: $300; 3rd Place: $250 
• Undergraduate Individual Aircraft – Power Line Survey Unmanned Aircraft Systems 

o 1st Place: $1,000; 2nd Place: $500; 3rd Place: $300 

 

Engine Design Competition 
• Undergraduate Team Engine –Candidate Engines for Hybrid Electric Medium Altitude Long 

Endurance Search and Rescue UAV 
o 1st Place: $500; 2nd Place: $300; 3rd Place: $250 

 

Space Design Competition 
• Undergraduate Team Space Design – Reusable Lunar Surface Access Vehicle 

o 1st Place: $500; 2nd Place: $300; 3rd Place: $250 

 

Structures Design Competition 
• Graduate Team Structures – Design of the Structure for a VTOL Taxi 
• Undergraduate Team Structures – Design of Deployable Solar Array Structure 

o 1st Place: $500; 2nd Place: $300; 3rd Place: $250 

Missile Systems Design Competition 
• Undergraduate Team Missile Systems - Design of a Long Range Strategic Missile 

o 1st Place: $500; 2nd Place: $300; 3rd Place: $250 

 

Proposal Requirements 
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The technical proposal is the most important factor in the award of a contract. It should be 
specific and complete. While it is realized that all of the technical factors cannot be included 
in advance, the following should be included:  

• Demonstrate a thorough understanding of the Request for Proposal (RFP) requirements.  
• Describe the proposed technical approaches to comply with each of the requirements 

specified in the RFP, including phasing of tasks. Legibility, clarity, and completeness of the 
technical approach are primary factors in evaluation of the proposals.  

• Particular emphasis should be directed at identification of critical, technical problem areas. 
Descriptions, sketches, drawings, systems analysis, method of attack, and discussions of new 
techniques should be presented in sufficient detail to permit engineering evaluation of the 
proposal. Exceptions to proposed technical requirements should be identified and explained.  

• Include tradeoff studies performed to arrive at the final design.  
• Provide a description of automated design tools used to develop the design.  

 

Basis for Judging 
The AIAA Technical Committee that developed the RFP will serve as the judges of the final reports. They 
will evaluate the reports using the categories and scoring listed below. The judges reserve the right to not 
award all three places. Judges’ decisions are final. 
1. Technical Content (35 points)  

This concerns the correctness of theory, validity of reasoning used, apparent understanding 
and grasp of the subject, etc. Are all major factors considered and a reasonably accurate 
evaluation of these factors presented?  

2. Organization and Presentation (20 points)  

The description of the design as an instrument of communication is a strong factor on 
judging. Organization of written design, clarity, and inclusion of pertinent information are 
major factors.  

3. Originality (20 points)  

The design proposal should avoid standard textbook information, and should show the 
independence of thinking or a fresh approach to the project. Does the method and treatment 
of the problem show imagination? Does the method show an adaptation or creation of 
automated design tools?  

4. Practical Application and Feasibility (25 points)  

The proposal should present conclusions or recommendations that are feasible and 
practical, and not merely lead the evaluators into further difficult or insolvable problems.  
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