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1. Project Objectives and Requirements 
Author: Kimberly Kroh 

1.1 Background 

As stated in the Project Definition Document (PDD
(1)

), Sierra Nevada Corporation 

(SNC) is currently developing a tactical unmanned aerial system (UAS) nicknamed Spartan.  

The UAS consists of the Spartan air vehicle, a ground control station, and a variety of sensor 

payloads.  These payloads are represented by the models provided by SNC in Figure 1 and 

Figure 2.  Sensor payloads are nearing completion and are awaiting successful flight tests 

from the Spartan vehicle; however, Spartan is still in development and will require a large 

logistical footprint for flight testing.  The objective of this payload demonstrator project was 

to provide a low cost, easy to operate, and reliable unmanned aerial vehicle (UAV) to test the 

Spartan related sensor payloads prior to their integration with the Spartan vehicle. 

There currently is not a UAV on the market compatible with SNCôs payload module, so 

this project provided a team of undergraduate engineering students with the opportunity to 

create a unique design solution to a specific customer need.  Having an industry customer 

provided the team with an opportunity to work in an academic setting while being held 

accountable to industry standards. 

 

 

 

 

 

Figure 1: SNC Payload 

Schematic (Top View) [Inches]
(2)

 
 

Figure 2: SNC Payload Schematic (Isometric View) [Inches]
 (2)
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1.2 Goal 

As stated in the background, SNC desired a stable aerial platform with a low logistical 

footprint on which several experimental payloads can be integrated for initial flight testing.  

Due to the unique nature of the customerôs payloads, a specific aircraft design was required 

in order to meet mission operation requirements.  Therefore, the overall goal of this payload 

demonstrator project was to design, build, test, and verify an unmanned aircraft that 

mechanically and electronically interfaced with the 15 pound payload module provided by 

SNC.  In addition, the team has built a test payload, identical in size and weight to that of the 

customerôs, to verify flight characteristics and models to meet the University of Colorado 

Senior Design (ASEN 4018/4028) course requirements.  The aircraft is called the Stable 

Handling Aerial Radio-controlled Cargo-testbed, SHARC. 

1.3 Objectives 

The objective of this project was to design, build, test, and verify a UAS.  To meet top 

level project requirements, the UAS was designed to have a low logistical footprint, be built 

within the budget provided by SNC, and be capable of serving as a sensor payload testbed for 

successful flight testing.  The UAS consisted of the SHARC aircraft as well as sufficient 

ground support hardware.  This hardware included equipment to charge batteries, start the 

engine, control, and fuel the aircraft for successful flight testing.  Due to variation in payload 

configurations, equipment was needed to check the center of gravity of the aircraft and add 

ballast to adjust the c.g.  In addition, the support equipment was compact and able to be 

transported in any mid-size sedan along with the aircraft itself. 

The aircraft was designed to be flown under radio control and takeoff, fly, and land 

under its own power and be recoverable.  Furthermore, the aircraft was able to support the 

customer provided payload and designed to remain in flight for a sufficient amount of time to 

acquire, log, and store data.  Also, in order to meet the course requirements and verify the 

design of the aircraft, a verification payload was built and successfully tested to gather 

airspeed, altitude, and stability data.  The structure for this verification payload was provided 

by SNC and has the same shape and weight as the expected customer payloads. 

This project was accomplished through the integration of several subsystems on the 

aircraft including aerodynamics, flight dynamics, structures, electronics and controls, 

propulsion, and manufacturing.  In order to meet the top level systems requirements, the 

remotely piloted fixed wing aircraft was designed to be easily transported, setup, and 

operated by no more than two personnel at an RC field.  Therefore, successful completion of 

this project resulted in a transportable, easy to operate, low cost vehicle that the customer can 

rely on to test payloads before integration with the Spartan UAS. Table 1, Table 2, and Table 

3 summarize the project and upper level system requirements as discussed.  Appendix 18.1 

contains all requirements pertaining to the SHARC project. These requirements flowed down 

from the customer requirements as given in the Request for Proposal (RFP) 
(3)

.
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Table 1: Upper Level Project Requirements and Descriptions 

 
 

Table 2: Lower Level Project Requirements and Descriptions 

 
 

Table 3: Upper Level System Requirements and Descriptions 
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2. Systems Architecture 
Author: Brian Taylor 

In order to meet project objectives and requirements, the SHARC UAS was comprised 

of three primary systems: a ground station, a verification payload, and a flight vehicle.  The 

ground station system contained all elements needed to support the flight vehicle.  This 

system included engine starting equipment, battery supporting equipment to include chargers, 

transmitters, receivers, and real-time data analysis tools and software as well as all equipment 

necessary to complete the pre-flight checks on the flight vehicle. 

The verification payload was designed to mimic the SNC customer payloads both 

mechanically and electrically.  This design entailed the utilization of the same structure, 

mechanical interfaces, and electrical interfaces as the customer payload.  SHARC utilized 

accelerometers and gyroscopes to measure and record linear and angular acceleration in all 

three axes to verify that the stability of the flight vehicle matched the design models.  The 

verification payload consisted of a pitot-static, a Global Positioning System (GPS), and an 

outside temperature probe that measured, recorded, and transmitted the aircraft airspeed, 

groundspeed, altitude, and density altitude.  This system was used to verify that the flight 

vehicle met the customerôs airspeed and altitude requirements.  Following the flight test 

phase of the vehicle, the verification payload was designed to be removed and replaced with 

the customerôs payload without any necessary modifications to the vehicle. 

The flight vehicle was the primary focus of the SHARC UAS and contained all of the 

equipment necessary to meet the performance objectives of the customer.  It contained the 

fuselage, wing, electronics and control equipment, engine, and all supporting hardware to 

command and control the aircraft.  It was capable of mechanical integration with Spartan 

Block II payloads and was designed to supply regulated 12 VDC at currents up to 10 Amps 

through the electrical interface. 

2.1 Concept of Operations 

Figure 3 contains a concept of operations for the SHARC UAS. 

 

 
Figure 3: SHARC Concept of Operations 
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The flight vehicle starts in storage and is transported to the flying field before assembly 

and mating with the payload.  Then the aircraft and payload undergo flight operations under 

remote control (RC) conducted from the ground station.  Following landing, the flight 

vehicle and payload are de-mated, and the flight vehicle is disassembled and transported back 

into storage.  During this time, the payload is returned to the customer for data acquisition. 

2.2 Flight Profile  

A flight profile of the SHARC UAS is in Figure 4. 

 

 
Figure 4: SHARC UAS Flight Profile 

 

Startup involves starting the engine and performing pre-flight checks.  This step also 

includes turning on the aircraft and payload power with external switches.  Following taxi 

and takeoff, the aircraft climbs to the customer specific altitude and loiters for a maximum 

period of twenty minutes.  Notice that SHARC was designed to operate at density altitudes of 

at least 6,000 ft.  The aircraft descends and lands following the loiter period. 

2.3 Functional Block Diagram 

The functional block diagram for the SHARC UAS is in Figure 5. 

 

 
Figure 5: SHARC UAS Concept of Operations 
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Notice that commands are sent directly from the pilotôs transmitter to the aircraft 

receiver.  The commands and power are routed through the aircraft receiver to the servos, 

which control the engine throttle, ailerons, flaps, elevators, rudders, and brake.  On a separate 

circuit, power is supplied to the payload through a regulator.  The aircraft control and 

payload power circuits were separated to reduce risk by ensuring that a fault in the payload 

circuit would not interrupt aircraft control. 

For the verification payload, power supplied by the aircraft was designed to power an 

Inertial Measurement Unit (IMU) and Gumstix computer 
(4)

.  The IMU was designed to 

measure linear and rotational acceleration in all three axes which are sampled and recorded 

onto a removable data card by the Gumstix computer.  The Eagle Tree system 
(5)

 is a 

commercial product that uses a pitot-static tube to measure airspeed and altitude.  In addition, 

a GPS module with Wide Area Augmentation System (WAAS) was used to gather ground 

speed and altitude data while an outside temperature probe was used to convert altitudes to 

density altitudes.  These data was recorded on a provided data logger and transmitted in real-

time to a receiver produced by the same company.  It was powered by an independent battery 

located in the payload structure which is identical to the battery used by the aircraft receiver.  

Data transmitted in real time was designed to aid the pilot during flight and allow for faster 

verification of vehicle performance since multiple test points could be met during a single 

sortie. 

2.4 Solid Model 

Two of the three major systems of the SHARC UAV are shown in Figure 6. 

 

 
Figure 6: Flight Vehicle and Verification Payload Systems 

 

Within the verification payload are the components to verify flight stability, airspeeds, 

and altitudes as seen in Figure 7.  Notice that the GPS antenna and pitot-tube are mounted on 

the external structure of the payload while the rest of the components are mounted inside and 

on the bottom of the payload. 

Payload 

Flight Vehicle 


