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Abstract 

Lockheed Martin is in need of a low-cost Hands-On Throttle and Stick (HOTAS) system to support the 

Pilot Training Devices (PTD) product line. The addition of buttons to the throttle and stick is what turns a 

regular throttle and stick into a HOTAS. The product will replicate the throttle control assembly and 

control stick of fighter aircraft. It is desired to have one common design that supports multiple aircraft 

through an interchangeable outer grip. These grips will be aircraft specific to allow pilots of different 

aircraft to train on the same simulator. This project will include the electrical and mechanical aspects of 

the HOTAS devices. The device must output the appropriate signals in response to stick and throttle 

position and pressing of buttons. The stick control shall provide progressive resistance in proportion to 

the speed and angle of maneuver of the aircraft.  
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Notation 

COTS Commercially off the Shelf 

HOTAS Hands-On Throttle and Stick 

 

Chapter One: EML 4551C 

 

1.1 Project Scope 

Project Description  

The objective of this project is to create a low-cost Hand-On Throttle and Stick (HOTAS) 

system to support the Pilot Training Devices (PTD) product line. The product will replicate the 

throttle control assembly and control stick of various fighter aircrafts.  

Motivation 

To get the competition to sell to Lockheed cheaper or to be able to make HOTAS in  

house at a low cost with comparable functionality to their current solutions. 

Key Goals  

1. Create a low fidelity HOTAS with reasonable manufacturing costs, and 

repairability  

2. Be able to function with Prepar3D software (Lockheed Martin simulation 

software)  

3. FAMU-FSU to design circuit board with micro controller to encompass all 

functionality.  
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4. Shall provide the same functionality as current models used (bugeye F35 HOTAS, 

Wraith systems F35 HOTAS)  

5. Shall be able to be used for desktop training  

6. Be able to communicate with computer via standard IO  

 

Markets  

The primary market:  

Lockheed Martin - directly invested financially and looking to apply this 

technology internally in their training programs. For use with multiple vehicle 

designs and desktop simulation software.  

Secondary markets:  

Military Service branches - The military applications of this product if released could 

reduce overall costs for training pilots and their required products in multiple scenarios.  

Industrial applications – where these HOTAS units could be integrated into training and 

cockpits for large Industrial equipment, such as cranes, skid steers, and other specialized 

vehicles.  

Gaming and E-sports – Could potentially see product usage and enter 

a competitive market of other controllers and units in the low-fidelity market, 

while increasing gaining usage in aircraft and spacecraft simulators.  

 Assumptions  

Our assumptions of the project began with interpretation of the project statement, 

followed by meeting with Andrew our Lockheed Martin Contact. From this meeting we were 

able to get a basis on what our intended project goals, needs, and assumptions were. These 
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assumptions are the ones we have made, the HOTAS is being designed for Lockheed Martin use 

only, and it will primarily be for desktop vehicle training simulations. The HOTAS itself will be 

crafted from low cost materials, and potentially be mounted in use. The Power of the HOTAS 

will be provided by connected desktop, with software being purchased or provided by the 

sponsor. The hardware for the HOTAS shall be commercially off the shelf products, and we will 

be designing internal circuitry to encompass functionality. The HOTAS is assumed to use an 

interchangeable outer grip for various vehicles. The design and creation will cover all electrical 

and mechanical aspects of a functional HOTAS.  

Stakeholders   

The stakeholders of our project include our own group members in T512 as we are 

directly affected by the performance of this project, Dr. Shayne McConomy is our current 

technical instructor for senior design, as well as our direct advisement, his investment in both 

time and service implies he is a large stakeholder. The Pilots and end users who use 

products similar to ours will be affected by our project’s success or failure. Lockheed Martin is 

the direct company sponsor of our project and Andrew Filiault, an employee of the company as a 

mechanical engineer, is also an investor in both his time and service similar to Dr. 

McConomy, implying he is also a large stakeholder in this project.  Dr. Patrick Hollis is our 

current faculty advisor on this project and will be invested in time and work effort in completing 

this project.  

  

1.2 Customer Needs 

For our Customer Needs we decided to first create a document involving questions for 

our Lockheed Martin sponsor to answer. We were able to meet with Mr. Andrew 
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Filiault to discuss the questions in greater detail via a zoom teleconference. Based on the 

questions posed we were able to create a list of interpreted needs from the statements given by 

Mr. Filiault. Each interpreted need will be formulated into an unambiguous, verifiable target with 

an associated value given as a measurement. Table 1 below shows the documentation of 

questions, statements, and the interpreted needs.  

Table 1: Customer Needs interactions  

Questions  Customer Statements  Interpreted need  

How many units are expected 

to be produced?  

If all goes well, ~1,000 units 

and possibly more.  

  

Design needs to be easily 

reparable.   

How will the unit be 

implemented into your system?  

 It’ll be mounted on a desktop 

and used in software training 

for a variety of military 

vehicles  

Design needs to fit variety 

of military vehicle handles.  

What is considered Low Cost?  Current models 

are around $8,000   

Final Design needs to be 

under $4,000  

Are we taking an existing 

design to modify or completely 

making a new design?  

Building from the ground up  Create an original design  

Are we making our own grips 

or using grips from existing 

aircraft?  

Creating your own grip  Grip can be any design as long 

as its functional  
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Should we make a base, or will 

it be connected to an existing 

simulator?  

  

You will need to make a base  HOTAS will be used on a 

desktop simulator  

How many buttons and 

switches etc., what kind of 

functionality and accuracy is 

intended?  

Reference current models. 

Design will be used for low 

fidelity training.    

HOTAS needs to have the same 

functionality as most current 

models  

What kind of software will be 

used?  

Prepar3d is software used.   Needs to be able to integrate 

with software.  

What are the expectations for 

the feedback?  

Device should provide 

resistance dependent on relative 

speed.  

HOTAS needs to provide 

resistance proportional to the 

simulated speed of the 

military vehicle   

  

  While keeping the customer statements in mind we were able to determine our most 

important needs. These are Function, Cost, Fit, Lifespan, and Form. These needs were specified 

in order of importance by the client, with interpreted needs being either given or being 

discussed in detail. Each need has an intended overall purpose, Function serving as the main 

need with it being considered successful, if the overall product and components work as 

intended while under daily usage without noticeable failure. The cost of the overall unit being the 

next target of concern, we will attempt to reduce the cost of each sub-system posed to 

appropriately reduce cost. This has been chosen as what to do, as Lockheed’s current commercial 
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solutions are priced at $8,000, and $16,000 respectively with Low and Medium fidelity 

solutions. This also ties into lifespan of the product because if the sub-systems of the HOTAS 

fail but the components are cheap enough to replace, this will extend the overall lifespan of the 

product. Also, since the project is more centered around function, form and fit will be of lesser 

importance, meaning that as long as the HOTAS functions with the software it does 

not necessarily matter if it is the best feeling or looking HOTAS.   
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1.3 Functional Decomposition 

For our functional decomposition, we analyzed our product, and broke it down into its 

fundamental systems and functions. From our design, we narrowed the systems down to three 

main groups, that broke into sub-systems from those groups.  The three main systems of our 

product are Ergonomics, Electronics and Mechanical. We developed a flow chart as well as 

comparison calculation tables to show and numerically rank the importance of each system and 

function within the overall design. Figure 1 below is an overview of our product’s functional 

decomposition in a flow chart form, from System to sub-system, then functions directly tied to 

the needs of our customers. This shows the basis of each function and which system it will be 

categorized under.  

 

Figure 1.  Functional Decomposition Flowchart. 

 

Our Minor Functions were found by breaking down the HOTAS into the simplest tasks, 

and whether or not they could be used to validate a target and metric. Given that, conforming to 

MIL standard 1472 is not necessarily how a HOTAS functions, however it is a function of 

Human Engineering, which falls into the scope, or functions, of the project. The same goes for 

Implementing Various Craft Designs, integrate with Current Lockheed System and Support 

Multiple Modular Grips, although these do not explain how a HOTAS directly functions, they 
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are specifically outlined to be included in our project and can be directly applied to hit a target or 

metric.  

For the subsystem of Sense, Detect Aircraft control Intent and Detect Signal Activation 

are similar but Detecting Aircraft Control Intent deals with the pitch, yaw and roll of the aircraft, 

whereas Signal Activation deals with button activation in a 0 or 1 capacity, and both are direct 

functions needed for a HOTAS to operate. The electronic subsystem contains the various ways 

the HOTAS senses, processes and communicates the information with whatever it is paired with. 

These are the most basic functions of how the movement of the stick is turned into flight control 

surfaces movements, or how button depression corresponds to the function it is intended to 

produce. Under Mechanical, there is Force and Displacement since these two are physical 

aspects of the HOTAS. Force is further broken down into Provide Feedback and is giving some 

sort of resistance or feel to the user. This uses interpreted speed, AOA (Angle of Attack), angle 

of bank etc. to do this, all as inputs from external software. Displacement is further broken down 

into Operate Throttle and Stick and deals with the throttle’s physical ability to slide or rotate, and 

the stick being able to rotate.  

The first of the three tables provided lists each of the three main systems in the first 

column. The next columns house the subsystems then tied to their respective function or 

functions. This table shows a comparison as to which functions can target more than one sub-

system of the overall project. This gives us a general basis as to which functions we should place 

more emphasis on. The numbers indicate either a “1” for a yes it applies and effects that system, 

and a “0” otherwise.   
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Table 2.  Basic Functional Decomposition Calculation. 

 

To further explain, Conform to MIL standard 1472 has a one for Fit, Form and Force 

meaning this Function could be represented under any of these three subsystems. From this table 

we interpreted that Operate Throttle, Stick and Buttons, Provide Feedback and Integrate with 

Current Lockheed System could be fit into the greatest number of subsystems. 

In the second table, each of the individual functions is listed in the first column, and the 

values for the rankings of the functions against each other are listed in the following columns. 

Items were ranked on a 1,3,5,7, and 9 scale and their reciprocals as well across the identity, each 

shows a more significant contribution to success with 9 being total domination of contribution. 

The reciprocals show a lesser importance than the comparison item varying by the 1,3,5,7, and 9 

integers. The sum is then a total of the columns, with a lower total relating to a more important 

function. We use this sum to normalize the data and create table 4, this is our normalized 

comparison matrix. Table 4 is shown below.  
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Table 3.  Pairwise Comparison Matrix Evaluation of Minor Functions 

 

Table 4 shown below is mathematically showing weights of each function based on 

values assigned in the second table. These weighted values show the highest rated functions 

mathematically, and which are most important to the project. The highest rated items are 

highlighted in green under the weighted total percentile column. Next a consistency check was 
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performed, showing that we have not biased our information. The consistency info and important 

values are shown in yellow and explained below the table. 

 

 

Table 4. Normalized Comparison Matrix 

 

Highlighted above are the four most important functions pertaining to our project. 

Detecting Aircraft Control Intent had a weighted percent total of 19.94%, Filter and Process I/O 

Data had a weighted percent total of 16.61%, Detect Signal Activation and Operate Throttle, 

Stick and Buttons had a total of 14.06% and 13.66% respectively. While these four functions 

were determined to be the most important, factors such as bias could be presented in the table 

and therefore all of these functions will still be considered important when going through the 

design process with a slightly greater emphasis being placed on these four functions. The 
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consistency data has an average consistency of 0.9864 shortened to 4 decimal places, with an N 

value of 12. This yields a value of 1.54 for the random index from lookup table. From these a 

consistency index of –1.0012 is determined, with a consistency ratio of –0.6502. Because these 

values are less than 0.10 the comparison is considered consistent. 

 

1.4 Target and Metrics 

Our targets and metrics were determined and described below for each function of our project, as 

well as other needs that were not directly stated as functions but became important targets and 

metrics. There is a brief discussion of every target and metric as to how we have arrived at those 

particular values as well as some examples of testing validation for each target after 

prototype completion. These targets and metrics came from functions such as the MIL standard 

1472 and implementing with various craft design, as well as 

using benchmark comparisons from existing HOTAS units, or directly from our sponsor’s need 

statements. The methods for validation were determined by picking the most practical way to test 

if our finished product will satisfy the criteria we have specified in a physical or digital manner, 

each tool we will use to test will be discussed briefly after the targets and metrics main 

section, where each method of testing is briefly described. A discussion of our 

mission critical targets and metrics is shown below followed by a table with the mission critical 

targets and metrics. Our list and full catalog of targets and metrics is shown in the appendix in 

Table 6.   

 

Our mission critical targets and metrics described below start with Conforming to 

MIL standard 1472, this particular one is based on the creation of a device that will be used in 
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military practice, it also leads into the targets and metrics for many other functions we have 

used with direct values for targets. The second mission critical target and metric is related 

to Integrating with the current Lockheed Martin system, this is a success or failure scenario 

based on if it works or not, making it vital for success. Implementing with various craft designs 

lead to the next mission critical statement, where it is necessary to have the available signals to 

implement a variety of crafts depending on electrical component orientation differences with 

multiple aircrafts. The next target and metric were derived from the filter and processing I/O data 

function, where this is needed to complete the overall goals of the HOTAS unit. Our output 

signals function was responsible for the next set, where it is considered mission critical to be able 

to control the aircraft and connect to any external PC. The next two functions share similar 

Target and Metrics, with the target and metric being related to input latency, however the 

functions being related to component buttons in one case for signal activation, and the other 

being related to the direct use of Throttle, and stick basic functionality (engine speed, pitch, roll, 

and yaw). Our final sets of targets and metrics are related to the mechanical functionality of the 

overall components of the throttle, stick and various button components.  

 

Critical Targets and Metrics  

Function  Target  Metric  

Conform to MIL standard 1472  

Fits 95% of aviators  

  

Length, Diameter, Surface Area 

of throttle & stick  
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Integrate with Current 

Lockheed System  

  

Yes  It works with the system  

Implement with Various Craft 

Design  

  

55 separate signals  

  

Number of available signals  

  

Filter and Process I/O Data  

  

Filter noise, process data into 

appropriate signal type, fast 

0ms  

  

Take in data input and output  

  

Output Signals  

  

Transfer ≤ 5Gbps of data to 

Prepar3d  

Transfer processed data through 

Output device to computer 

software  

≤ 10Gbps @ 250 MHz between 

throttle and stick units  

Data transfer size and rate  

Detect Aircraft Control Intent  

  

< 20 milli seconds  Input latency  

Detect Signal Activation  

  

< 20 milli seconds  Input latency  

Operate Throttle, Stick and 

Buttons  

  

Button can be depressed  

  

Measure force required to 

depress button  

± 35 degrees for stick rotation  Angle of stick  
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Throttle travels 6 " or rotates 

65°  

  

Distance throttle travels or 

angle of throttle  

 

Table 5. Critical Targets and Metrics 

  

Conform to MIL standard 1472  

Metric: Length, Diameter, Surface Area of throttle & stick 

Target: Fits 95% of aviators  

  

The Metric above is needed for our project as it in direct application in military design 

and directly correlates to a very large variety of topics including forces, lengths, general sizes 

and shapes, and all of their dimensions. The Mil-Standard 1472 is a document that pertains 

directly to human factors engineering and was created by the military with testing to determine 

the amount of their users in a 95% range that have specific metrics and ranges for their targets 

based on what these percentages of people can accomplish. Many of the standards discussed in 

the Mil standard document give specific values that can be validated and benchmarked against 

when designing many of our base components.  

Some examples of this include button pressure required to activate, the size and surface area of 

an individual's hands that can be applied to making appropriate grips and handles for 

devices such as our throttle and stick assemblies.   
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When using this metric, to validate our target we will use the given metric standard from the 

document and take a measurement to show that it is within the tolerance target.  

   

Integrate with Current Lockheed System  

Metric: It works with the system 

Target: Yes  

  

This metric and target were chosen as a requirement from our project sponsor, 

the reasoning is that using their in-house software and the ability to connect to it is either going 

to marked as success or failure, in example with the system connecting and working with their 

software prepar3d if we have connection and can operate the software systems appropriately, we 

have success. If the software cannot be used with the hardware we create, then it is a failure. This 

leads to the choice of having our target as a yes for success. We will validate this by attempting 

to use our hardware with the Lockheed martin software prepar3d, and getting a result of success 

or failure, yes or no. If no/failure we must iterate to make it a success.  

 

Implement with Various Craft Design  

Metric: Number of available signals 

Target: 55 separate signals  

  

The base of our throttle and stick will have the capability to carry signals from the 

buttons and components to the computer. The wraith systems F-35 HOTAS unit has a total of 55 

button functionalities which means 55 separate signals. We assume that the F-35 will have the 
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most functionalities out of all of the other models of aircraft that could be implemented with our 

system created. The choice of having at least 55 again is from the number of operable controls 

located on an F-35 HOTAS from either of the two commercial products that Lockheed currently 

purchases to use. In addition, the basic functions of throttle, pitch, roll, and yaw will always be 

available. To validate this, we will first check on other aircraft that may be used in simulation 

by Lockheed Martin and validate their number of buttons and functions. Next, we will be 

able to physically and digitally determine the validity of this target by appropriately specifying 

electronic hardware components with the amount of available signals, as well as confirming 

that we have that number of signals operating through our processing and communications 

through a software program such as Arduino Ide.  

   

Support Multiple Modular Grips  

Metric 1: Length of mounting section for the stick  

Target 1: 1”-2"  

 

Metric 2: Major diameter and threading of mounting section for the stick  

Target 2: Variable per each stick  

 

Metric 3: Pitch of the mounting threads for the stick 

Target 3: ¼-20  

  

These three metrics and targets were created to specify our mounting points target for 

size including length, constraints for basic usage, and constraints for being able to use multiple 
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aircrafts physical grips in a modular manner. The length metric and target are based on an 

assumed form factor, to be small enough to fit under/inside of each stick without changing the 

fidelity of the overall system. We will use the target of 1-2 inches in generating multiple design 

during our concept generation process, this will be validated by checking various sticks inner 

diameter dimensions as well as their clearances for wires/cables. 

 

The second target and metric being major diameter and pitch of mounting section again is 

to constrain us to making a system that is completely modular in fashion. Where we may have 

the ability to mount a new grip/stick with the ability to create a small component like an adapter 

to change to a variety of diameters and pitches. This will be validated by being able to switch 

between at least two different sticks and grips with ease, on both the throttle and the stick side of 

the HOTAS. 

  

The third target and metric are more of a specification on our part to have a standard for 

all the units to be able to attach onto. We chose one of the most common diameters and pitches 

being a ¼"-20. This was an effort to allow the creation of modularity by specifying one side of 

an attachment point for the stick and throttle units if they need an adapter or not is currently not 

designed or chosen. We will validate this by looking at the specific unit and size-pitch chosen for 

the final design.  

 

   

Integrate Buttons Within Specified Tolerances  

Metric: Distance button can be displaced  
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Target: ±0.078-0.25in (2-6mm)  

 

This target and metric are specified from the internal MIL Standard 1472, where the 

minimum and maximum button displacements are specified. These became our target tolerances 

as 2-6mm, we will validate this target by specifying components within that range of motion and 

then physically measuring to assure validity.   

   

Filter and Process I/O Data   

Metric: Take in data input and output  

Target: Filter noise, process data into appropriate signal type, fast 0ms  

 

This metric is based on the ability to import and transfer data to its appropriate location at 

its most basic, assuming that the data does not require processing. However, our target is 

to import the data, filter the noise of the received signal if appropriate, process the data into its 

appropriate type. In example from analog to digital signal, with as close as we can get to 

0ms response as possible. This value was chosen because the lower each basic component’s 

operating time is the faster the whole system can run. We will validate this by coding the micro 

controller appropriately with the correct number of items being passed and processed where 

appropriate. We can further validate the end component of the target by determining the time to 

process any given set of inputs and outputs of data at a digital level using software.  

   

Input Feedback Signals  

Metric:  Receive data through I/O to process from computer software  
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Target:  Receive signal for AOA, and craft speed to send for processing into feedback  

 

This metric and target are in direct response to the feedback system that Lockheed martin 

would like us to create. This portion is the feedback loop to our HOTAS controller system. This 

will be able to receive signal from an I/O on the HOTAS to send for processing into a valid 

feedback response for the user. Our target is to receive the Angle of Attack of the craft as well as 

the velocity to then send to the micro controller for processing. This allows us to alter or 

command a signal for variable or constant force feedback to be applied if they (Lockheed 

Martin Pilots) determine that they would like constant feedback instead of variable, as fly-by-

wire planes have constant force feedback, not variable which would be more likened to an older 

all mechanical aircraft. We will validate this digitally by getting these signals to come from the 

software and being able to read them and process them, as well as measuring the force output by 

our Stick unit with a spring scale.  

    

Output Signals     

Metric 1: Transfer processed data through Output device to computer software   

Target 1: Transfer ≤ 5Gbps of data to Prepar3d   

 

Metric 2: Data transfer size and rate  

Target 2: ≤ 10Gbps @ 250 MHz between throttle and stick units  

 

These two targets and metric have been specified for outputting signals because they deal 

with the amount of data that can be sent to the Lockheed Martin software and the speed at which 
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it can be sent. The target for each of two are based upon likely choices for data transfer 

components, such as USB 3.0 and Cat6 ethernet cables. With the ability to validate these being 

based on amount of data that needs to be transferred once processed and the physical 

components being chosen supporting these rates.    

  

Detect Aircraft Control Intent  

Metric: Input latency  

Target: < 20 milli seconds  

 

Detect Signal Activation  

Metric: Input latency  

Target: < 20 milli seconds  

 

For both of the targets and metrics above relating to detection, they are for similar tasks 

but within different components of the overall system. The metric chosen is input latency for the 

controls, what this refers to is the time between moving the stick and the response of the software 

to said input, and activating a button and the time for the software to respond. Our target of < 

20 ms for both of these two is based on most modern gaming controllers considered low fidelity 

having a response time much less than 20 ms. In example Xbox and PlayStation controllers, 

these values will be determined and validated by using digital measuring devices attached to the 

end of our HOTAS when powered, such that we do not compound latency within the PC system, 

or screen chosen. This testing will be done by moving the stick or pressing a button and timing 



Team 512  29 

2021 

the response of the signal to leave the HOTAS after processed, before it moves into the PC and 

software, which will increase latency significantly.  

  

Provide Feedback  

Metric:  Provide an actuator force  

Target: 1.12 ± 0.450 lbs. (5±2N) of force  

 

According to Mil-standard 1472, an isotonic joystick that has 2 degrees of freedom 

should provide between 3.3N and 8.9 N of resistance to the user. Since this is a low-fidelity 

HOTAS unit, we decided to design towards the lower limit of the standard. In order to validate 

this function, we will use a scale measure the force that the stick outputs. The torque that the 

actuator will impart will be used with the length of the stick in order to estimate the force that the 

user will feel from the actuator.   

   

Operate Throttle, Stick and Buttons  

Metric 1: Measure force required to depress button  

Target 1: 0.629lbs-2.47lbs (2.8N-11N) of force  

 

Metric 2: Angle of stick  

Target 2: ± 35 degrees for stick rotation  

 

Metric 3: Distance throttle travels or angle of throttle  

Target 3: Throttle travels 6 inches (15.24cm) or rotates 65 degrees  
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This function consists of three targets and metrics corresponding to the physical 

movement for the throttle and stick. These targets and metrics are critical to the success of the 

project because if the stick and throttle do not displace, there will be no signals being sent to the 

software which means you wouldn’t be able to control the pitch, roll and yaw of the aircraft or 

the engines power output. The first target is the amount of force required to move the stick from 

the neutral position. In order to validate this, we will use a device such as spring scale to attached 

to the stick to determine the minimum force required to move it. The second target is the degrees 

of rotation the stick can move about the x and y axis, essentially the movement of the 

stick forwards, backwards, and side to side. This can be measured via a protractor to determine 

the positive, negative, and total angle of movement of the stick from neutral, as well as being a 

design specification when modeling. The last target is the throttles displacement 

when moved from idle to full throttle. This distance will be measured via a ruler or a protractor 

depending on how we choose to design the throttle. The way in which we arrived at these targets 

and metrics is by examining a similar low fidelity stick and throttle to get the displacement of the 

throttle and stick. From there we were able to adjust the values of the competitor to fit the needs 

of our scope. As far as the force required to move the stick, we picked the range of values from 

the MIL standard 1472 that pertained to the forces required to move a joystick.   

   

Targets & Metrics not Listed as Functions   

 

Metric: Cost in $$  

Target: < $4000 to manufacture  
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The target was determined from what our sponsor directly told us the cost needed to be 

under for total manufacturing. Given that the project description is a low-cost HOTAS, this 

target will be a high priority. We will validate this target and metric by adding up the total cost to 

manufacture the HOTAS and compare it to the target value to determine if we were under or 

over.  

   

Metric: Weight  

Target: 10-15 lbs.  

 

The weight target for our HOTAS are based off industry benchmarks including a variety 

of thrust master HOTAS unit’s shipping weights. In speaking with our sponsor and 

researching, one of the concerns of most end users for a HOTAS is that it is too lightweight, and 

therefore moves around on the desktop during normal and extreme operations. We believe that 

this metric and target being present can allow for a greater fidelity of the overall system while 

allowing for potential to be more robust in design. We will validate this by physically weighing 

the HOTAS when it is complete, within certain tolerances to account for packaging in the future.  

   

Metric: Durability  

Target: Can be dropped from a height of 29” ± 1” at any orientation without mechanical failure 

more than 50 times.  
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Pilot Trainees will be using the HOTAS on a desktop computer and being that 

the computer system would be placed on a desk, the average desk height is 29 inches. Our 

HOTAS would need to be capable of consistently functioning after falling off the desk 

from sliding, due to over applied force, and or accidental misuse. This target will be validated by 

repeatedly throwing a completed unit prototype off of a desk at least 50 times. This will be 

validated likely last or not at all depending on overall cost to manufacture one unit.  

  

Metric: Component Lifetime  

Target: At least 2 Years  

 

Component lifetime is the lifetime of specific electronic components on the unit. This 

target is important because theoretically we could have a button fail on the unit and replace that 

button rather than Lockheed having to throw away the entire unit and buy another one. Given the 

length of the project, we will not be able to wait two years to see if all of the components would 

break, however we can simulate this by using various components and a certain number of cycles 

to roughly estimate how long the individual component will last. In order to validate this, we will 

look at the off the shelf component life cycles, and compare this to the average number of uses of 

each component during a known testing time limit, from testing the HOTAS and recording how 

many times each component is used per flight to roughly approximate how many times each 

component will be cycled in a year, using a 40 hour per week use model. If the component is 

cycled less than the given life cycle from the manufacturer over the course of two years, then we 

will have successfully validated our target.  
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Metric: Product Lifetime  

Target: At least 5 years  

 

The sponsor specified that the product should last for at least 5 years. This refers to the 

framework of the product. It needs to be able to withstand the average forces imparted by the 

user over this time period. In order to validate this, we would need to select a material that has a 

fatigue strength higher than the average stress from the user after a number of cycles needed to 

last for 5 years. For this target we would validate again using basic testing and mathematical 

calculation.  

  

Testing Tools discussion: 

 

The tools that we will need to measure and validate our targets are things such as a spring 

scale which will help us to determine the amount of force required to move the component we 

are measuring. We will also use this for torque validation with the addition of multiplying the 

force value by the length of the object that has the force being applied to it. A basic ruler, or tape 

measure, and a protractor will be used to measure the distances and degrees of rotation of the 

stick and throttle travel, as well as things such as button displacement, the stick and throttle 

design and the distance the HOTAS will be dropped from. For measuring signal activation, we 

will use a high-speed camera along with a multimeter to capture the time it takes for a signal to 

appear on the multimeter after the button has been depressed. In order to measure the data 

transfer rates, software will be used to measure and ensure the rate of transfer is within the 



Team 512  34 

2021 

specified values for our unit. Any other tools and methods for validation were discussed above in 

each respective target and functions section.  

 

1.5 Concept Generation 

In coming up with 100 concepts for our low-cost Hands-on Throttle and Stick, the first 50 

concepts shown in the table came from a morphological chart. The chart had our various 

subsystems listed along the top, and below each subsystem we filled in an arbitrary number of 

concepts that fit that subsystem. Once this was done, we went across each row and picked one 

idea from each column to combine into one concept. Biomimicry was used to generate a few 

concepts, we used ideas such as beehives to attempt to model our design after. Other than the 

morphological chart, forced analogy and crap shoot/brainstorming were how we got most of our 

concepts. For forced analogy we thought of various controllers to relate our project too, these 

things were tv remotes, gaming controllers, racing wheel simulators etc. We took bits and pieces 

from these preexisting ideas and applied them to our thought process to get more designs. 

Crapshoot/Brainstorming was how we got the rest of the ideas, and for this the group members 

listed anything that came to mind regardless of how good or bad the idea seemed.  

Inside of our morphological chart we have assorted items listed that are viable solutions 

for each sub system function, to briefly discuss each this will show how we interpreted which of 

our designs were considered high low and medium fidelity by using various combinations of 

specifically high fi solutions etc. 

Within our fit category with respect to the physical nature of buttons and operable 

controls we have thumbwheel adjustments, which is similar in respect to a mouse wheel operated 

with your thumb. This component is considered low-med fi as some are used in crafts, but not all 
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crafts. Pushbuttons are the next solution, which are consider high fi in terms of the real crafts, 

they are included in every aircraft HOTAS and vary from craft to craft in terms of placement. 

Toggle switches are also considered a high fi solution as they represent many functions on 

multiple craft designs. Isotonic joysticks are the next solution, which are considered high fi with 

respect to the stick itself, however low fi with respect to buttons and switches, and finally a 

combination of all the above items, this was the most high-fidelity concept in this category 

because it represents a range of solutions on both known HOTAS, and inside of many different 

crafts. 

For the form category, we have chosen to model this function based on the basic physical 

form of the entire unit and its ability for modularity. The first three solutions all represent the 

same traits, in high fidelity fashion with respect to the crafts themselves, however we are 

considering them med fi with respect to the solution of creating a design to fit multiple crafts. 

These three are resembling the F35, F16 and F22 HOTAS units onboard the craft. The next 

solution is the one we considered the highest fidelity with respect to our problem, the threaded 

grips for multiple crafts. The multiple grip covers for the single stick being considered high fi 

with respect to the solution however low fi with respect to having it be representative of multiple 

crafts. 

The assembly category has three basic solutions that we determined. These are a separate 

throttle and stick, a combined throttle and stick, and a combined but modular for separability. 

The highest fidelity with respect to our solution became the combined but modular variant. With 

the combined throttle and stick being low fi, with the separate throttle and stick being considered 

medium fidelity 
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For the processing category, we have various solutions with respect to creating the 

internal components of the HOTAS with respect to what we believe can be accomplished in line 

with our subsystem problem. These four solutions are, the use of Arduino boards, python boards, 

raspberry pi, and custom PCB boards, we believe that the Arduino board will be the highest 

fidelity in this category due to our prior knowledge with those boards, however the other high fi 

solution would be creating a custom PCB, this just starts to creep outside of our scope. The 

python and the raspberry pi solutions are to be considered medium fi. 

For communication, our choices became relevant with respect to communication between 

the throttle and stick, not to the main PC, this was narrowed down as our sponsor has set a 

requirement to have the unit connect to the PC via a USB-A type connection. Therefore, this 

leads to us using this as our highest fidelity solution, because it lowers cost of purchasing as well 

as fulfills the requirements of multiple problems. The others considered high fidelity are DV9, 

and ethernet(cat6), with the medium fi solutions being the USB-B(micro), and the USB C. 

Under our sense category and within our brainstorming session we determined many 

solutions including using strain gages, pressure plates, GPS sensors, along with hall effect 

sensors, potentiometers, dc motors, and digital encoders. Some of the high fi solutions would be 

the strain gages, hall effect sensors, and digital encoders. Some of the medium fi solutions would 

include the potentiometer, the GPS sensor and the pressure plates, with the low fi being the DC 

motor. 

The force category is representative of how we plan to implement feedback to the user 

and the physical means to do it. These would be the stepper motor, the DC motor, and the 

torsional spring. The high fi solution being the DC motor, the medium being the torsional spring, 

and the low fi being the stepper motor. 
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For our throttle displacement category, we based these off of benchmarks with existing 

designs and what is incorporated within the actual craft, these are sliding, rotating and slotted 

throttles. With the rotating being our high fi solution, sliding being the medium fi solution, and 

the slotted throttle being placed within the low fi category. 

In the stick displacement section, we only thought of two unorthodox solutions to 

implementing the yaw of the stick, where pitch and roll will always be handled via the stick and 

some sensing means from above, however the yaw solutions were a twistable stick, or 

incorporating the yaw into the throttle. Some brainstormed ideas included having peddles such as 

in the real craft, but again that gets outside the scope of our problem. With this said the high fi 

solution became having the throttle with the yaw, as it is a more similar mechanism to the 

peddles used in real crafts, where the medium fi solution is the twistable stick. 

 For our power segment, we discussed the two possible solutions of power being either 

batteries or taking power from the PC itself from the communications connection. This led to the 

high fi solution being from the PC, with a battery being considered a low fi solution. 

For mounting solutions, we considered a number of ways to accomplish this, however the 

most hi fi concept for our solution became the suction cups, and the mighty mug bottoms, with 

low fi being full chair mount, as this invalidates the ability to take the device home, with the 

clamp as another low fi solution. The medium fi solutions involve Velcro, and increased product 

weight    

Finally, our materials category is all about the materials that will be used in the final 

prototype, we felt that the combination of materials would be the highest fidelity option, with 

plastics in that category as well for the solution to our particular problem, with fiber materials, 

polymers, and silicone being in the medium fidelity category, followed by metals in the low fi 



Team 512  38 

2021 

category. As we feel they would be the most time consuming and detrimental to the overall 

function. 

Shown below is the morphological chart and how we used it to determine some of our 

more high fidelity concepts. The bulk and remainder of the concepts not shown here are shown 

in the appendix via more tables broken down into groups of 5 for ease. 

 

 

Table 7: Morphological Chart 

 

Concepts 1-10 derived from the morphological chart are shown in the following tables. 
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A brief example of how we used the morphological chart to determine some of our 

medium and high fidelity concepts is shown below. Each of the high fidelity concepts is 

described below the charts for greater clarity. 

High Fidelity Concept 1 

 

 

High Fidelity Concept 2 

 

 

High Fidelity Concept 3 
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High Fidelity 

1. The first high-fidelity concept uses a combination of thumbwheel adjustment, 

pushbuttons, toggle switches, and an isotonic Joystick. There will be a threaded section 

on the base of the stick to fit multiple grips. The stick and throttle base will be combined 

but modular to allow for separation if desired. The processor will be Arduino and it will 

communicate with the computer through USB-A. Hall effect sensors will be used to 

detect the aircraft orientation intent. The force feedback will be provided by a DC motor. 

The throttle actuation will only be rotation and the yaw of the aircraft will be controlled 

on the throttle. The power source will be from the computer and the bases will have 

suction cups on the bottom to hinder the HOTAS from sliding on the desk. We will use a 

combination of materials to make the HOTAS. 

 

2. The second high-fidelity concept is similar to the first one in all categories of solutions. 

The only difference is that the throttle is manipulated with sliding motion instead of 

rotation. 
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3. The third high-fidelity concept is similar to the first one as well, the two solution 

differences are the sensor and the force feedback. A potentiometer would be used for the 

sensor and a torsional spring would be used for the feedback. 

 

The following is a discussion of the concepts we determined to be medium fidelity. Most 

of these concepts were derived during our brainstorming and crap-shoot sessions. To have a 

completed concept and not just a single word or sentence most of these we have paired with 

solutions derived from the morphological chart to fully specify the intent of each given concept 

solution. 

Medium Fidelity 

1. Use a belt system to actuate the throttle. There would theoretically be no backlash in the 

system, this will be used with the concept 7 from the morphological chart, where the 

sliding throttle will be created with the belt system. 

2. Base housing made of LEGO’s, could be painted and glued together to form a rigid 

structure, this can be implemented with one of the concepts that uses plastics as a 

material.  

3. Stick that doesn’t move but interprets the amount of force being applied, this would be 

accomplished with either strain gages or pressure plates, along with a concept from the 

morphological chart such as concept 4 or concept 9 without the chair mount 

4. Morph chart number 4 

5. Use only COTS (Commercially off the Shelf) parts to make up the buttons and 

components 
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1.6 Concept Selection 

The first step in creating our house of quality chart was to determine from our customer 

needs the requirements that the design must fulfill. These customer requirements are listed 

vertically on the left side of the chart. Following this, we transformed our targets into 

engineering characteristics to be able to compare our concepts too, later in this process. Once we 

had the engineering characteristics and customer requirements, we made a binary pairwise 

comparison matrix with our customer requirements to get our importance weight factor for the 

house of quality (shown below in blue).  

 

Table 18: Binary Comparison 

This weight factor scales customer requirements, so the ones deemed more important will 

have a bigger impact on the engineering characteristics in the house of quality. Our highest 

importance weight factor ended up being “Able to Integrate with Lockheed's Software” and the 

least important was “Provide Feedback”. Feedback ended up with a weight factor of 0 but we 

used a weight factor of 1 for the house of quality so that it would have some effect on our 

outcome. For example, in calculating our raw score, our importance weight factor for the 

customer requirement “under $4,000” was 3, and under our cost column corresponding to that 

customer requirement we have a 9, so we multiply the 3 times 9 to get a total of 27, this value is 
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added into our raw score for cost. The value of 9 came directly from our group saying that cost 

significantly effects meeting the requirement of being under $4,000, this value could have also 

been 0 for having no correlation, 1 for having slight correlation or 3 for having moderate 

correlation.  

 

Table 19: House of Quality 

After repeating this process throughout the entire table, it was found that our top three 

highest raw scores were Cost, Design Complexity and Latency/Transfer Speed. The relative 

importance percentage for each was 22.09%, 16.47% and 12.45% respectively. This tells us that 

when selecting our final concept, it is more important for our design to satisfy these three 

engineering characteristics more so than saying satisfy five of the less important ones, but not 

satisfying the top three.  

The Pugh charts were the next phase in our concept selection. These tables compare 

concepts to each other, rather than our customer requirements to engineering characteristics like 

the house of quality. The way this table works is by first selecting a datum, this datum being a 

preexisting design or a one of our concepts, and this datum is the basis for comparing the other 

concepts too. Then for each concept you compare it to the datum for each engineering 

characteristic and determine if the concept is satisfactory (S) to the datum, is better than the 
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datum (+) or worse than the datum (-). Once this is done for all the concepts the number of 

plusses and minuses is totaled, and from there you can choose to eliminate concepts with few 

pluses and lots of minuses and select the next datum from the highest number of pluses and 

fewest number of minuses to use in the next iteration of the Pugh charts. With the new datum 

selected the process is repeated until the number of concepts has been narrowed down.  

Our first Pugh chart compared our 5 medium fidelity and our 3 high fidelity concepts to 

the Wraith Systems HOTAS as the initial benchmark to get the first datum for the next Pugh 

chart. Concepts 1-3 are the high-fidelity concepts listed in the prior concept generation, and 

concepts 4-8 are the five medium fidelity concepts listed in the concept generation section as 

well. In looking at the results from this chart, the three high fidelity concepts, 1-3, all had three 

plusses and six minuses. It is to be expected that the Wraith HOTAS will outperform in almost 

all categories besides lifespan, cost and repairability because these are the three engineering 

characteristics that we are going to be attempting to improve upon. Since there was no clear 

winner, we decided to set concept 1 as our datum for the next Pugh chart since concept 1 is a 

high-fidelity concept and was tied for the greatest number of pluses and least number of minuses. 
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Table 20: Pugh Chart I 

The next Pugh chart had concept 1 as the datum, and after comparing all the concepts it 

was found that concept three had the greatest number of pluses with a reasonable number of 

minuses, so this was chosen as our next datum. Concept 6 and 7 only had one plus and a lot of 

minuses so these concepts were removed from the next Pugh chart. 

 

Table 21: Pugh Chart II 

The third Pugh chart had concept 3 as the datum. The concepts 1, 2, 5 and 8 all had two 

pluses where concept 4 had just one plus but less minuses than concept 5 and due to this we 

decided to remove concept 5 from the next Pugh chart.  
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Table 22: Pugh Chart III 

For the final Pugh chart, concept 2 was chosen as the datum. Concepts 1 and 4 both had 

one plus, but concept 4 had three minuses whereas concept 1 did not have any minuses. From 

this chart it was shown that concept 3 would be the next datum, and potentially the overall 

winner in this selection stage. 
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Table 23: Pugh Chart IV 

 After analyzing all four Pugh charts it was found that concepts 1, 2, 3 and 4 were 

selected to advance to the AHP portion of the concept selection for further determination. The 

reasoning behind this is that concepts 1, 2 and 3 always performed better than concepts 4-8 even 

though at times concept 2 might've outperformed concept 3 or vice versa. The reason behind 

selecting concept 4 was that even though it might not have outperformed concepts 1-3, it still did 

better many of the others and it can only be beneficial to include a concept that is on the cusp of 

being selected because it may shock us in the AHP section, or it can just further solidify that one 

of the other three concepts are the correct choice.  

The next process we used was analytical hierarchy, this would allow us to further refine 

and determine which of our concepts would be the overall winner and selected to move into the 

next phase of our project. The first step of this process shown below involved using our 

engineering characteristics and comparing them to each other to determine which were the most 
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important for our final decisions. This table ultimately let us know that the cost characteristic 

was the most important by far, followed by repairability and transfer speed/latency. These 

characteristics are used in further comparisons below, and their weights respectively are 30%, 

19.3%, and 16.7%, these are shown highlighted in the third table below as well. The first table 

below shows the comparison, where the second is the normalized data from the comparison 

matrix. The third table shown is part of the normalized comparison but it’s split for viewing 

purposes. It shows our consistency in not introducing bias into the choices that we made, and that 

the decisions we made line up across the whole chart, this is numerically shown in each of the 

normalized comparisons by the consistency ratio being less than 0.10. 

AHP information tables

Table 24: Engineering Characteristics AHP comparison

Table 25.1: Engineering Characteristics normalized comparison part 1
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Table 25.2: Engineering Characteristics normalized comparison part 2 

The next step in our AHP was to create a few more comparisons using the concepts that 

had been selected using the Pugh charts in the previous process. This involved taking our highest 

ranked engineering characteristics and thinking in terms of each, while comparing each of our 

four concepts against each other in these matrices using those characteristics. From the first set 

of tables below, we used cost as the main means of comparison, this led to a clear winner in this 

category with a clear split between the others. The winner of this category being concept 3 with a 

weighted total of 62.3%, with the next being concept 4 evaluated to be 21.6%. Our data shown 

below also indicates that we were consistent with our selections. With the consistency ratio again 

being below 0.10. 

Cost AHP tables

Table 26: Cost AHP comparison
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Table 27.1: Cost normalized comparison part 1

Table 27.2: Cost normalized comparison part 2 

The next step in the AHP was using our second ranked characteristic of repairability. 

This comparison was similar to the one above, where now we are using repairability as the 

deciding factor and comparing between each concept again, this variant of the tables shows that 

again our concept 3 is the clear winner this time as well, with concept 4 being the next best. With 

each concept having 67.6%, and 16.7% respectively. Our consistency ratio shows that we are 

consistent in our choices for this matrix as well. 

Repairability AHP charts

Table 28: Repairability AHP comparison
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Table 29.1: Repairability normalized comparison part 1

Table 29.2: Repairability normalized comparison part 2 

Our final comparison below is a chart of frequency and resolution while comparing 

against each of the concepts again. This comparison is different as we are looking at this in 

respect with cost and overall functionality, this shows that some of our concepts are more high 

fidelity, however we need something that is lower than that. But not the least, the highlighted 

concept below was weighted the lowest fidelity and functionality, this was concept 4, with the 

value of 4.7%. with the second lowest being concept 3 with 12.7%. Again, showing consistency 

in choices below as well. 

 

Frequency and resolution AHP charts
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Table 30: Frequency and resolution AHP comparison

Table 31.1: Frequency and resolution normalized comparison part 1

Table 31.2: Frequency and resolution normalized comparison part 2 

Finally, after much deliberation and charts, we decided that our chosen concept based on 

an overwhelming victory in multiple steps of the process is concept 3, with lower costs, 

manageable repairability, and decent overall frequency and resolution functionality in 

comparison to some of the other concepts that were used and compared against. This concept is 

shown below via the morphological chart method used to create it. Soon we will begin modeling 

and prototyping various components of this design to find if our outcomes have proven to be the 

best decision. 



Team 512  53 

2021 

High Fidelity Concept 3 (final selection)

 

 

  



Team 512  54 

2021 

Chapter Two: EML 4552C 

2.1 Restated Project Definition and Scope 

The objective of this project is to create a low-cost Hand-On Throttle and Stick (HOTAS) 

system to support the Pilot Training Devices (PTD) product line. The product will replicate 

the throttle control assembly and control stick of various fighter aircrafts.  

 

 

2.2 Results & Discussion  

The final assembly met most of the targets that were set at the beginning of the project. 

The modularity aspect of this project was successfully implemented into the stick. All of its 

buttons were connected to the printed circuit board with modular connectors. This allows the 

user replace buttons without having to solder any connections if the replacement button already 

has the connector attached to it. Also, the stick connects to its base with a mini din connector. 

This modular connection is what allows the HOTAS system to implement multiple grips. The 

throttle was too small to fit all of the modular connectors for the buttons in, so its buttons were 

directly wired to the printed circuit board. The din connector between the throttle and its base 

was successfully implemented. This also allows for different throttle units to connect to the base 

as long as it has the same din connector wiring. Finally the entire HOTAS system was 

determined to cost $1570.02 to completely build and assemble, well under our allotted budget of 

$2000.00 making that goal and parameter a success. Shown below is a graphical breakdown of 

how funding was allocated throughout our project. 
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Final Assembly Front view

 

Final assembly rear view 
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Fits 95% of Aviators 

 In order to achieve this function, the dimensions of the final stick and throttle must 

coincide with the mil standard. These have been shown to be valid in most of the cases discussed 

inside of Mil. Std. 1472, including aviators hand and finger sizes, strengths of motion, torque 

application, and button resistance ranges. Some of these may be close to or out of our targets, 

however without changing or compromising on our commercial off the shelf products these 

goals could not all be met, this is likely one of the most difficult targets for us to achieve as it 

requires allot of testing, and user validation with a significant amount of end users, which is 

currently not possible, therefore this target has only been 75% achieved.  

 

Integrating with Lockheed Martin Software 

This function was validated by ensuring that the HOTAS is able to control the F-35 

aircraft in the Prepar3D software. This was done by implementing two micro controllers attached 

to the computer system, one in each base, each with a separate function of either throttle or stick. 

We tested the communication with Prepar3d in multiple stages and determined that the goal of 

integrating with the simulator software was a 100% success allowing full use of all buttons 

switches and sensors when implementing both digital and analog devices, the only thing required 

of the user is to map the required functions to a specific electronic output. 

 

Implement with Various Craft Design 

The HOTAS must be able to accommodate at least 55 separate signals in order for this 

function to be validated. There was a total of 44 signals that were successfully processed after 

electronic and mechanical integration. Although all of the signals were successfully processed 



Team 512  57 

2021 

when tested before the final integration when the mechanical and electronic components were 

separate, however the printed circuit board in the throttle was not integrated correctly and 

electrical failure occurred. This caused all of the digital signals in the throttle to not function 

properly. That being said, the printed circuit boards in the stick processed the digital data well. 

The overall electrical infrastructure does allow for the project to meet the target of 55 inputs, and 

surpasses that to 64 inputs total with 8 shift registers being implemented. But due to the 

assembly, the final target was not met. Therefore this target was met with 75\% success due to 

success before integration and 1/2 system failure post integration. 

 

 

Filter and Process I/O 

This function will be verified when the buttons trigger the appropriate signals in 

Prepar3D. This function was validated because the mapped buttons on the stick triggered their 

appropriate responses. The figure shows the mapping of the Ailerons and elevators to the outputs 

from the stick potentiometers. All of the analog outputs from the HOTAS were successfully 
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apped in Prepar3D. The digital buttons on the stick were mapped in a similar manner. 

 

 

Detect Aircraft Control Intent 

This metric and target were set to be 20 milliseconds, this particular metric was in 

response to the analog sensors (potentiometers). These sensors are used to control the main 

modes of directional travel including pitch, roll, yaw, and throttle response. These sensors have a 

response time 35 of milliseconds not achieving the target of under 20 millisecond response. 

Notably when piloting an aircraft inside of Prepar3d latency is not noticed and is not a huge 

consideration, given we are novice pilots, with one of us having a pilot's license. 

Detect Signal Activation 
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This function above will be verified when the measured latency from the digital buttons 

to the software is less than 20 milliseconds. This is in reference to the arrays of buttons incoming 

from the printed circuit boards through the din pin connection into the Arduino boards. With the 

throttle and stick printed circuit board designs varying the latency of each also is different, with 

the latency of the stick with 5 shift registers being 35 milliseconds, and the latency from the 

throttle with 3 shift registers being 25 milliseconds. This shows that we have not met our target 

for this metric.  

 

Output Signals 

The transfer speed of the HOTAS unit was limited by the transfer speed of the 

microcontroller that it used. The ATmega32u4 microchip can transfer data up to 12 megabits per 

second . There is no other software required for this chip to be recognized as a USB device .So, 

the transfer speed from the micro USB cable is what is used for the metric used to validate this 

function. The transfer speed of the USB micro-B cable is 480 megabits per second, which is less 

than the target set at the beginning of the project.  

 

Operate Throttle and Stick Buttons 

This function will be validated when the final stick travels a total of 70 degrees in both 

the x and y directions. Also when the throttle rotates a total of 65 degrees. This is a 100% 

success as follows. The mechanical designs implemented allow exactly the range specified for 

the travel and rotation of each unit, with mechanical stops being used to limit the ranges of each. 

A joystick potentiometer is used inside of the stick to control the pitch and roll, this same sensor 

is used to control the yaw on the throttle unit with a 40 degree range of motion. The throttle uses 
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a rotary precision potentiometer attached to a simple gear train to allow for greater accuracy 

during the 0-65 degree rotation. 

 

2.3 Conclusions 

Overall, this project was successful regardless of not meeting every target. At the 

conclusion of this project, a low-cost HOTAS was designed, built and functional within 

Prepar3D. A fighter aircraft stick and throttle were 3D printed featuring various buttons mounted 

to the units that resembled current fighter aircraft. These buttons functioned using a combination 

of custom printed circuit boards and an Arduino Leonardo micro-controller to process and turn 

the button actuation and HOTAS movements into outputs in the flight simulator software. The 

stick and throttle also feature modularity, allowing various sticks and throttles to be implemented 

with the bases via a mechanical and electrical connection. Due to complications with the 

assembly of the throttle, the digital buttons did not function, but the throttle was still able to be 

used to control the aircraft's speed. Additionally, complications with 3D printing did not allow 

the throttle to be completely modular as intended, but the concept of modularity was proven to 

be successful mechanically and electrically before final integration. With modularity being a 

huge success within the stick unit, and the throttle being semi-successful, the HOTAS was able 

to be used to fly and operate a F-35 Lightining II in a manner comparable to pre-existing 

HOTAS’ yielding a successful project overall. The overall cost was less than $2,000. The trade-

off for making the unit cost effective is the latency of the unit as well as the material used to 

manufacture it.   
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2.4 Future Work 

Some improvements to this design include the following: implement HOTAS with other 

throttle and stick units, resizing the throttle to fit all of the button connectors, redesign the printed 

circuit board, and implementing a Teenzy instead of the arduino Leonardo. In order to 

demonstrate the modularity of HOTAS, designing different throttle and stick grips with other 

buttons could be benificial. All of the analog input pins could be connected inside of the base 

even though there wouldn't have to be a connection through the mini-din connector. This way, 

the stick and throttle grips wouldn't have to have the same number of analog signals.  

The throttle was shaped to fit comfortably in most aviators hands. However, the size of 

the button connectors were not taken into account when the throttle was designed. This could be 

better implemented in future attempts at this project. Also, the size of the connectors themselves 

could be sourced better so that they could fit into the throttle. The printed circuit boards work 

well but could be redesigned to be more robust. They could be designed to have connectors 

directly mounted onto them. There was a mistake when designing the boards that accommodated 

more than two shift registers. The mistake was fixed by soldering a wire where there should have 

been a trace. This flaw was fixed in the program, but was never reprinted due to cost. Another 

issue with the printed circuit boards was the layout. It wasn't designed very well in that there was 

no clear standard for how the connections were to be made. Although the size of the board was 

not a problem in this design, it could be for other designs. A smaller printed circuit board could 

be used if the surface mount components were assembled with machinery instead of by hand.   

The latency was was a major drawback for the success of this project. The processing 

speed of the micro-controller is a hard upper bound. A faster micro-controller, such as the 

Teenzy, could be used instead of the Arduino Leonardo in order to improve the speed of the 
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HOTAS. This way, there would be less of a trade-off for cost-effectiveness and the latency of the 

HOTAS unit. Some HOTAS models on the market have force feedback to resist the user and 

increase the fidelity of the unit. In order to make this project more realistic for the user, there 

could be a feedback profile that the user selects from depending on the vehicle that they intend to 

control. These changes would make the assembly more straightforward, decrease the latency of 

the project, and provide a more realistic experience for the end user. 
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Appendix A: Code of Conduct 

Project statement 

 

Lockheed-Martin - Low-Cost HOTAS Design for Pilot Training Devices 

 

Lockheed Martin needs a low-cost Hands-On Throttle and Stick (HOTAS) system to support the Pilot   

Training Devices (PTD) product line. The product will replicate the throttle control assembly and control 

stick of fighter aircraft. It is desired to have one common design that supports multiple aircraft through 

an interchangeable outer grip for the control stick that is specific to each aircraft. This project will include 

the electrical and mechanical aspects of the HOTAS devices. The device must output the appropriate 

signals in response to stick and throttle position and pressing of buttons. The stick control shall provide  

progressive resistance in proportion to the speed and angle of maneuver of the aircraft. 

 

Mission statement 

To apply knowledge learned throughout our coursework to engineer a sound solution for 

our client within given parameters.  

 

Team roles 

Patrick Dixon - Design and Mechatronics Engineer: 

The design engineer will help coordinate overall design throughout the project and 

overall geometry creation through computer aided drafting and design. The mechatronics 

engineer will coordinate the bridge between electrical and mechanical systems, with an emphasis 

on sensors and actuators. 
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Robert Craig - Control Systems Engineer:  

The controls engineer is responsible for designing the controls for the dynamics of the 

project. This includes implementing the code required and tuning the gains for the controller 

among other tasks related to linear control systems.  

 

Robert Blount - System Engineer: 

The System Engineer supports programs throughout the entire program life cycle and are 

the glue that helps programs ensure they meet all customer and mission requirements 

 

Connor Chuppe - Test Engineer: 

The test engineer is responsible for creating a process that would best test the product to 

ensure it meets the specified targets and functions properly. Test engineers can also be 

responsible for creating a way the test can be carried out in order to make sure all aspects of the 

product were covered in the testing.  

             

 

Extra Duty Assignments and Tasks  

Volunteers first, then assigned based on group discussion, each task will be evaluated and 

typically assigned to the individual most willing/able to perform the task otherwise. 
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Communication   

All communication between team 512 will be done through phone calls, text messages, 

school email, canvas, basecamp, and zoom meetings. All notifications, email, and text messages 

sent out between team members will be responded to within a 24-hour time frame. Scheduling 

will be done through Basecamp software; this will include meetings and personal scheduling 

conflicts to appropriately manage time. 

 

Dress code  

For meetings within the group via zoom, any casual attire is allowed but pajamas or 

offensive clothing, etc. is not allowed. Meeting with the sponsor or faculty advisor semi-formal 

attire such as a polo and pants can be worn (business casual). For professional in person 

meetings and presentations, navy blue suits will be worn with appropriate shoes and belts. Hair 

styles are up to each individual group member as long as you are neatly groomed. May further 

match colors at a later date with shirts and ties. 

 

Attendance policy  

Unless a valid reason is given, all scheduled team meetings will be mandatory, with 

attendance being kept only in the event of an absence. Should a member not attend or provide an 

invalid reason for not attending, then they will first be addressed within the group. If the 

behavior persists (third time), then it will be reflected in the peer evaluations and superiors may 

be notified for further disciplinary action. 
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Valid reasons for missing a scheduled meeting includes medical emergencies, travel 

emergencies, and school emergencies. Any other scenarios will be handled on a case by case 

basis on the condition that 48-hour notice will be given prior to the start of the scheduled 

meeting. Nonvalid reasons for missing a scheduled meeting include forgetting the meeting.  

What is a valid reason for missing a meeting? 

 

Statement of understanding:  

Each student member of team 512 for the Lockheed Martin Sr. Design project has read, 

acknowledged, and submitted information contained in this document. Each understands their 

personal roles and responsibilities to the group. 

 

 

Signed: 

Robert Blount               
 

Connor Chuppe      

 

Robert Craig     

Patrick Dixon        
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Appendix B Figures and Tables  

A series of questions were asked to our sponsor in order to get a better understanding of 

what he was looking for in our project. The statements he gave in response to our questions were 

then interpreted into need statements that will be translated into targets and metrics later on. 

Table 1 

This is a list of questions asked to our sponsor Andrew Filiault and his responses. The 

interpreted needs are on the right 

 

Questions  Customer Statements  Interpreted need  
How many units are expected to 

be produced?  
If all goes well, ~1,000 units and 

possibly more.  
  

Design needs to be easily 

reparable.   

How will the unit be implemented 

into your system?  
 It’ll be mounted on a desktop and 

used in software training for a 

variety of military vehicles  

Design needs to fit variety 

of military vehicle handles.  

What is considered Low Cost?  Current models 

are around $8,000   
Final Design needs to be 

under $4,000  
Are we taking an existing design 

to modify or completely making a 

new design?  

Building from the ground up  Create an original design  

Are we making our own grips or 

using grips from existing aircraft?  
Creating your own grip  Grip can be any design as long 

as its functional  
Should we make a base, or will it 

be connected to an existing 

simulator?  

  

You will need to make a base  HOTAS will be used on a 

desktop simulator  

How many buttons and switches 

etc., what kind of functionality and 

accuracy is intended?  

Reference current models. Design 

will be used for low fidelity 

training.    

HOTAS needs to have the same 

functionality as most current 

models  
What kind of software will be 

used?  
Prepar3d is software used.   Needs to be able to integrate with 

software.  
What are the expectations for the 

feedback?  
Device should provide resistance 

dependent on relative speed.  
HOTAS needs to provide 

resistance proportional to the 

simulated speed of the 

military vehicle   
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Table 2 

This is a Basic Functional Decomposition Calculation Table. It allows for us to see which minor 

functions have the most overlap with major functions 
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Table 3 

Pairwise Comparison Matrix Evaluation of Minor Functions. Evaluates the importance 

of each minor function with respect to one another 
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Table 4 

Normalized Comparison Matrix gives an idea of the most important functions 

 

 

Table 5 

List of mission critical targets and metrics 

Critical Targets and Metrics  

Function  Target  Metric  

Conform to MIL standard 1472  
Fits 95% of aviators  

  

Length, Diameter, Surface Area of throttle 

& stick  

  

Integrate with Current Lockheed System  

  
Yes  It works with the system  

Implement with Various Craft Design  

  

55 separate signals  

  

Number of available signals  

  

Filter and Process I/O Data  

  

Filter noise, process data into appropriate 

signal type, fast 0ms  

  

Take in data input and output  

  

Output Signals  

  

transfer ≤ 5Gbps of data to Prepar3d  
transfer processed data through Output 

device to computer software  

≤ 10Gbps @ 250 MHz between throttle 

and stick units  
data transfer size and rate  

Detect Aircraft Control Intent  

  
< 20 milli seconds  Input latency  

Detect Signal Activation  < 20 milli seconds  Input latency  
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Operate Throttle, Stick and Buttons  

  

Button can be depressed  

  
Measure force required to depress button  

± 35 degrees for stick rotation  

  

Angle of stick  

  

Throttle travels 6 " or rotates 65°  

  

Distance throttle travels or angle of 

throttle  

 

Table 6 

Full table catalog of targets and metrics for our project 

Function  

  

Target   Metric  

  

Conform to MIL standard 1472   Fits 95% of aviators  

  

  

Length, Diameter, Surface Area of 

throttle & stick  

  

  

Integrate with Current Lockheed System  

  

Yes  It works with the system  

Implement with Various Craft Design  

  

  

  

 55 separate signals  

  

Number of available signals  

   

  

Support Multiple Modular Grips  

  

Variable per each stick  

  

Major diameter and threading of 

mounting section for the stick  

  

1”-2"  

Length of mounting section for the 

stick  

  

¼"-20  

  

 Pitch of the mounting threads for the 

stick  

  

  

Integrate Buttons Within Specified 

Tolerances  

  

  

±0.078-0.25in (2-6mm)  
Distance button can be displaced  

  

  

Filter and Process I/O Data  

  

Filter noise, process data into appropriate 

signal type, fast 0ms  

  

Take in data input and output  

  

  

Input Feedback Signals  

  

  

Receive signal for AOA, and craft speed 

to send to process into feedback  

  

Receive data through USB to USB-A  

  

Output Signals  
transfer ≤ 5Gbps of data to Prepar3d  

transfer processed data through Output 

device to computer software  
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≤ 10Gbps @ 250 MHz between throttle 

and stick units  
data transfer size and rate  

  

Detect Aircraft Control Intent  

  

< 20 milli seconds   Input latency  

  

Detect Signal Activation  

  

< 20 milli seconds  Input latency  

  

Provide Feedback  

  

  

1.12 ± 0.45 lbf (5 ± 2 N) of force  

  

  

  Provide an actuator force  

  

  

Operate Throttle, Stick and Buttons  

  

   

Button can be depressed  

  

  

 Measure force required to depress 

button  

  

  

± 35 degrees for stick rotation  

  

Angle of Stick  

  

 Throttle travels 6 " or rotates 65°  

  

 Distance throttle travels or angle of 

throttle  

This one and each below have no function to 

create a target and metric from  

  

Less than $4000 to manufacture  

  

 Cost in $$  

  

  

10 lbs. (45 N) ≤ weight ≤ 15 lbs. (67 N)  

  

Weight  

  

  

Can be dropped from a height of 

29” (73.66 cm) ± 1” (2.54 cm) at any 

orientation without mechanical failure  

  

Drop height until failure  

   At least 2 Years  

   

Component Lifetime  

  

   At least 5 years  

   

Product Lifetime  

  

 

 

Figure 1. The figure below shows the different systems and minor functions of our 

project in a flow chart. 



Team 512  73 

2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Team 512  74 

2021 

Appendix C Drawings  

 

 

  



Team 512  75 

2021 

 

  



Team 512  76 

2021 

 

  



Team 512  77 

2021 

 

 

 

 

 

 

 

 

  



Team 512  78 

2021 

  



Team 512  79 

2021 

 

 

  



Team 512  80 

2021 

 

 

  



Team 512  81 

2021 

 

 

 

 

 

 

 

 

 

 

 



Team 512  82 

2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Team 512  83 

2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Team 512  84 

2021 

 

 

 

 

 

 

 

 

 

 

 

 

 



Team 512  85 

2021 

 

 

 

 

 

 

 

 

 

 

 



Team 512  86 

2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Team 512  87 

2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Team 512  88 

2021 



Team 512  89 

2021 

 

 

 

 

 

  



Team 512  90 

2021 

 

 

 

 

 

 

 

 



Team 512  91 

2021 

 

 

 

 

 

 

 

  



Team 512  92 

2021 

 

  



Team 512  93 

2021 

 

  



Team 512  94 

2021 

 



Team 512  95 

2021 



Team 512  96 

2021 



Team 512  97 

2021 

 

 



Team 512  98 

2021 

 

  



Team 512  99 

2021 

  



Team 512  100 

2021 

  



Team 512  101 

2021 

  



Team 512  102 

2021 

 

 

 

  



Team 512  103 

2021 

  



Team 512  104 

2021 

 

 

 

 

 



Team 512  105 

2021 



Team 512  106 

2021 



Team 512  107 

2021 

 

 

 

 

 

 

MIL standard 1472 References  

Mil Standard 1472 document parts relevant currently (note mil standard 1472 doc is over 

400 pages) 
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FAMU-FSU College of Engineering  

Project Hazard Assessment Policy and Procedures  

INTRODUCTION  

University laboratories are not without safety hazards. Those circumstances or conditions that might go wrong 

must be predicted and reasonable control methods must be determined to prevent incident and injury. The FAMU-

FSU College of Engineering is committed to achieving and maintaining safety in all levels of work activities.   

  

PROJECT HAZARD ASSESSMENT POLICY  

Principal investigator (PI)/instructor are responsible and accountable for safety in the research and 

teaching laboratory. Prior to starting an experiment, laboratory workers must conduct a project hazard assessment 

(PHA) to identify health, environmental and property hazards and the proper control methods to eliminate, reduce 

or control those hazards. PI/instructor must review, approve, and sign the written PHA and provide the identified 

hazard control measures. PI/instructor continually monitor projects to ensure proper controls and safety measures 

are available, implemented, and followed. PI/instructor are required to reevaluate a project anytime there is a 

change in scope or scale of a project and at least annually after the initial review.   

  

PROJECT HAZARD ASSESSMENT PROCEDURES  

It is FAMU-FSU College of Engineering policy to implement followings:    

1. Laboratory workers (i.e. graduate students, undergraduate students, postdoctoral, 

volunteers, etc.) performing a research in FAMU-FSU College of Engineering are required 

to conduct PHA prior to commencement of an experiment or any project change in order to 

identify existing or potential hazards and to determine proper measures to control those 

hazards.    

2. PI/instructor must review, approve and sign the written PHA.  

3. PI/instructor must ensure all the control methods identified in PHA are available 

and implemented in the laboratory.  

4. In the event laboratory personnel are not following the safety precautions, 

PI/instructor must take firm actions (e.g. stop the work, set a meeting to 

discuss potential hazards and consequences, ask personnel to review the safety rules, etc.) 

to clarify the safety expectations.  

5. PI/instructor must document all the incidents/accidents happened in the laboratory 

along with the PHA document to ensure that PHA is reviewed/modified to prevent 

reoccurrence.  In the event of PHA modification a revision number should be given to the 

PHA, so project members know the latest PHA revision they should follow.   

6. PI/instructor must ensure that those findings in PHA are communicated with other 

students working in the same laboratory (affected users).  

7. PI/instructor must ensure that approved methods and precautions are being 

followed by :   

a. Performing periodic laboratory visits to prevent the development of unsafe 

practice.  

b. Quick reviewing of the safety rules and precautions in the laboratory 

members meetings.   

c. Assigning a safety representative to assist in implementing the 

expectations.  

d. Etc.   
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8. A copy of this PHA must be kept in a binder inside the laboratory or 

PI/instructor’s office (if experiment steps are confidential).  

  

  
  

Project Hazard Assessment Worksheet  

PI/instructor: Dr. 

McConomy   
Phone #: 850-

410-6624  

Dept.: ME  Start Date: January 

2021  
Revision number: 1  

Project: Senior Design: Low Cost HOTAS Team 512  Location(s): ME Senior Design Lab  

Team member(s): Robert Blount, Connor Chuppe, Robert 

Craig, Patrick Dixon  
Phone 

#: 5613063836  
Email: cnc17e@my.fsu.edu  

  

Experiment 

Steps    
  

Locati

on  
Person 

assigned  
Identify hazards 

or 

potential failure 

points  

Control 

method   
PPE  List prop

er 

method 

of hazar

dous 

waste 

disposal, 

if any.  

Residual Risk  Specific 

rules based 

on the 

residual 

risk  

  
  
Soldering 

(Wiring)  
  
  

ME 

Senior 

Desig

n Lab  

Entire  Te

am  
Burning of skin  
Electrocution   
Fire  
Contaminated 

Air  
Lacerations  

Ventilated R

oom  
Gloves   
Safety Goggl

es  

Place in 

containe

r labeled 

“Lead 

Solder 

Waste 

for 

Recyclin

g”  

HAZARD: 2   
CONSEQ:C  

Shown 

below  

Residual: 2  
  

  
  
3D Printing  
  
  

ME 

Senior 

Desig

n Lab  

Entire  Te

am  
  
  

Contaminated 

Air  
Burning of 

Skin  

Use a 

filament that 

is not 

harmful  
Place in 

enclosure  

Respiratory 

Mask  
N/A  HAZARD: 1   

CONSEQ:A  
Shown 

below  
  

Residual:2  

  
Heat Shrinking  
  
  
  

ME 

Senior 

Desig

n Lab  

Entire  Te

am  
  
  

Burning of 

Skin  
Ventilated 

Room  
Gloves  
Safety 

Goggles  

N/A  HAZARD: 2   
CONSEQ:A  

Shown 

below  
  

Residual:3  

  
  
Mounting 

Components 

Together  
  

ME 

Senior 

Desig

n Lab  

Entire  Te

am  
  
  

Contaminated 

Air,  
Lacerations, 

pinches  

Ventilated 

Room  
Gloves  
Respiratory 

Mask  

N/A  HAZARD: 1   
CONSEQ:A  

Shown 

below  
  

Residual:1  

  
Maneuvering in 

Senior 

ME 

Senior 

Entire  Te

am  
  

Trip and Fall,  
Struck 

by projectile  

Clean floor  
Organized r

oom  

Closed-toed 

shoes  
Long pants  

N/A  HAZARD: 1   
CONSEQ:A,B

,C  

Shown 

below  
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Design Lab (ph

ysical-

ergonomic 

hazards)  

Desig

n Lab  
  

Residual:2  

Biological 

hazard 

(Covid-19)  
  

ME 

Senior 

Desig

n Lab  
  

Entire  Te

am  
  
  

Covid-19, other 

types 

of infectious dis

eases  

Masks, 

social 

distancing, 

clean 

surfaces 

often, test 

semi 

regularly  

Masks, face 

shields, 

sanitization 

products  

Discard 

of masks 

in 

appropri

ate 

containe

rs  

HAZARD: 3   
CONSEQ: B,

C,D,E  
Residual: vari

es 1-5  
  
  

Will 

discuss 

with instru

ctor-lab 

supervisor  

Hazardous subs

tances (epoxy, 

glue)  

ME 

Senior 

Desig

n Lab  
  

Entire  Te

am  
  
  

Having skin 

exposure to 

epoxy or fast 

setting 

glue(burns, skin 

removal)  

Using PPE, 

or advisory 

guidance  

Gloves, all 

standard lab 

clothing  

If 

residual 

material, 

left to 

harden 

in a 

designat

ed 

containe

r before 

disposal 

into 

trash.  

HAZARD: 3   
CONSEQ: 

B,C  
Residual: 2   
  

Shown 

below  
  

  
Principal investigator(s)/ instructor PHA: I have reviewed and approved the PHA worksheet.  

Name  Signature  Date  Name  Signature  Date  
__________________________________  
  

____________________  ____________  __________________________________  
  

____________________  ____________  

Team members: I certify that I have reviewed the PHA worksheet, am aware of the hazards, and will ensure the control measures are 

followed.   

Name  Signature  Date  Name  Signature  Date  
Robert Blount  

  
12/03/2020  Robert Craig  

  
    

12/03/2020  
  

Connor Chuppe  
    

12/03/2020  
  

Patrick Dixon  
    

12/03/2020  
  

ed.   

  

DEFINITIONS:   
Hazard: Any situation, object, or behavior that exists, or that can potentially cause ill health, injury, loss or property damage 

e.g. electricity, chemicals, biohazard materials, sharp objects, noise, wet floor, etc. OSHA defines hazards as “any source of 

potential damage, harm or adverse health effects on something or someone". A list of hazard types and examples are provided 

in appendix A.    

Hazard control: Hazard control refers to workplace measures to eliminate/minimize adverse health effects, injury, loss, and 

property damage. Hazard control practices are often categorized into following three groups (priority as listed):  

1. Engineering control: physical modifications to a process, equipment, or installation of a 

barrier into a system to minimize worker exposure to a hazard. Examples are ventilation (fume hood, 

biological safety cabinet), containment (glove box, sealed containers, barriers), substitution/elimination 
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(consider less hazardous alternative materials), process controls (safety valves, gauges, temperature 

sensor, regulators, alarms, monitors, electrical grounding and bonding), etc.  

2. Administrative control: changes in work procedures to reduce exposure and mitigate hazards. 

Examples are reducing scale of process (micro-scale experiments), reducing time of personal exposure 

to process, providing training on proper techniques, writing safety policies, supervision, requesting 

experts to perform the task, etc.   

3. Personal protective equipment (PPE): equipment worn to minimize exposure to hazards. 

Examples are gloves, safety glasses, goggles, steel toe shoes, earplugs or muffs, hard hats, respirators, 

vests, full body suits, laboratory coats, etc.  

Team member(s): Everyone who works on the project (i.e. grads, undergrads, postdocs, etc.). The primary contact must be 

listed first and provide phone number and email for contact.   

Safety representative: Each laboratory is encouraged to have a safety representative, preferably a graduate student, in order 

to facilitate the implementation of the safety expectations in the laboratory. Duties include (but are not limited to):   

• Act as a point of contact between the laboratory members and the college safety committee 

members.   

• Ensure laboratory members are following the safety rules.   

• Conduct periodic safety inspection of the laboratory.  

• Schedule laboratory clean up dates with the laboratory members.  

• Request for hazardous waste pick up.   

Residual risk: Residual Risk Assessment Matrix are used to determine project’s risk 

level. The hazard assessment matrix (table 1) and the residual risk assessment matrix (table2) are used to identify the residual 

risk category.   

The instructions to use hazard assessment matrix (table 1) are listed below:   

1. Define the workers familiarity level to perform the task and the complexity of the task.  

2. Find the value associated with familiarity/complexity (1 – 5) and enter value next to: HAZARD on 

the PHA worksheet.  
Table 1. Hazard assessment matrix.  

  Complexity  

Simple  Moderate  Difficult  

Familiarity Level  

Very Familiar  1  2  3  

Somewhat Familiar  2  3  4  

Unfamiliar  3  4  5  

  

The instructions to use residual risk assessment matrix (table 2) are listed below:  

1. Identify the row associated with the familiarity/complexity value (1 – 5).  

2. Identify the consequences and enter value next to: CONSEQ on the PHA 

worksheet. Consequences are determined by defining what would happen in a worst case scenario if 

controls fail.  

a. Negligible: minor injury resulting in basic first aid treatment that can be provided on site.  

b. Minor: minor injury resulting in advanced first aid treatment administered by a physician.  

c. Moderate: injuries that require treatment above first aid but do not require hospitalization.  

d. Significant: severe injuries requiring hospitalization.  

e. Severe: death or permanent disability.  

3. Find the residual risk value associated with assessed hazard/consequences: Low –Low Med – Med– 

Med High – High.   

4. Enter value next to: RESIDUAL on the PHA worksheet.  
Table 2. Residual risk assessment matrix.  

Assessed Hazard Level  Consequences  
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Negligible  Minor  Moderate  Significant  Severe  

5  Low Med  Medium  Med High  High  High  

4  Low  Low Med  Medium  Med High  High  

3  Low  Low Med  Medium  Med High  Med High  

2  Low  Low Med  Low Med  Medium  Medium  

1  Low  Low  Low Med  Low Med  Medium  

  

Specific rules for each category of the residual risk:  

Low:   

• Safety controls are planned by both the worker and supervisor.  

• Proceed with supervisor authorization.  

Low Med:       
• Safety controls are planned by both the worker and supervisor.  

• A second worker must be in place before work can proceed (buddy system).  

• Proceed with supervisor authorization.  

Med:  

• After approval by the PI, a copy must be sent to the Safety Committee.  

• A written Project Hazard Control is required and must be approved by the PI before 

proceeding. A copy must be sent to the Safety Committee.   

• A second worker must be in place before work can proceed (buddy system).  

• Limit the number of authorized workers in the hazard area.   

Med High:  

• After approval by the PI, the Safety Committee and/or EHS must review and approve the 

completed PHA.  

• A written Project Hazard Control is required and must be approved by the PI and 

the Safety Committee before proceeding.   

• Two qualified workers must be in place before work can proceed.  

• Limit the number of authorized workers in the hazard area.   

High:  

• The activity will not be performed. The activity must be redesigned to fall in a lower hazard 

category.   

  

Appendix A: Hazard types and examples  

Types of Hazard  Example  

Physical hazards   Wet floors, loose electrical cables objects protruding in walkways or doorways  

Ergonomic hazards   
  

Lifting heavy objects Stretching the body  

Twisting the body  

Poor desk seating  

Psychological 

hazards   
Heights, loud sounds, tunnels, bright lights  

Environmental 

hazards   
Room temperature, ventilation contaminated air, photocopiers, some office plants 

acids  

Hazardous 

substances   
Alkalis solvents  

Biological hazards   Hepatitis B, new strain influenza  
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Radiation hazards  Electric welding flashes Sunburn  

Chemical hazards   
  

Effects on central nervous system, lungs, digestive system, circulatory system, 

skin, reproductive system. Short term (acute) effects such as burns, rashes, 

irritation, feeling unwell, coma and death.  

Long term (chronic) effects such as mutagenic (affects cell structure), carcinogenic 

(cancer), teratogenic (reproductive effect), dermatitis of the skin, and occupational 

asthma and lung damage.  

Noise   High levels of industrial noise will cause irritation in the short term, and industrial 

deafness in the long term.  

Temperature   
  

Personal comfort is best between temperatures of 16°C and 30°C, better between 

21°C and 26°C.  

Working outside these temperature ranges: may lead to becoming chilled, even 

hypothermia (deep body cooling) in the colder temperatures, and may lead to 

dehydration, cramps, heat exhaustion, and hyperthermia (heat stroke) in the 

warmer temperatures.  

Being struck by   This hazard could be a projectile, moving object or material. The health effect 

could be lacerations, bruising, breaks, eye injuries, and possibly death.  

Crushed by   A typical example of this hazard is tractor rollover. Death is usually the result  

Entangled by   Becoming entangled in machinery. Effects could be crushing, lacerations, bruising, 

breaks amputation and death.  

High energy 

sources   
Explosions, high pressure gases, liquids and dusts, fires, electricity and sources 

such as lasers can all have serious effects on the body, even death.  

Vibration   Vibration can affect the human body in the hand arm with `white-finger' or 

Raynaud's Syndrome, and the whole body with motion sickness, giddiness, 

damage to bones and audits, blood pressure and nervous system problems.  

Slips, trips and falls   A very common workplace hazard from tripping on floors, falling off structures or 

down stairs, and slipping on spills.  

Radiation  Radiation can have serious health effects. Skin cancer, other cancers, sterility, birth 

deformities, blood changes, skin burns and eye damage are examples.  

Physical   Excessive effort, poor posture and repetition can all lead to muscular pain, tendon 

damage and deterioration to bones and related structures  

Psychological   Stress, anxiety, tiredness, poor concentration, headaches, back pain and heart 

disease can be the health effects  

Biological  More common in the health, food and agricultural industries. Effects such as 

infectious disease, rashes and allergic response.  
  

  

  

  

  

  

  

  

Project Hazard Control- For Projects with Medium and Higher 

Risks   
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Name of Project: Low-Cost Hands-on Throttle 

and Stick  

Date of submission: 12/3/20  

Team member  Phone number  e-mail  

Robert Blount  850-206-6022  Robert1.blount@famu.edu  

Connor Chuppe  561-306-3836  Cnc17e@my.fsu.edu  

Robert Craig  850-728-7039  robert2.craig@famu.edu  

Patrick Dixon  850-218-8996  Pdd17@my.fsu.edu  

      

Faculty mentor  Phone number  e-mail  

Shayne McConomy  850-410-6624  smcconomy@eng.famu.fsu.edu  

      

Rewrite the project steps to include all safety measures taken for each step or combination 

of steps.  Be specific (don’t just state “be careful”).  

3D Printing: Don’t touch components that reach high temperatures, when cleaning part 

post print examine part for sharp edges first, wear gloves.  

  

Soldering (Wiring): Wear gloves and safety goggles, hold hand that is not holding the 

soldering iron far enough away to avoid burns, don’t touch the hot part of the soldering 

iron.  

  

Heat Shrinking: Wear gloves, when using heat gun keep hand holding the heat shrink far 

away from hot air.   

  

Mounting Components Together: Don’t breathe in epoxy, when screwing parts together be 

mindful of hand placement, don’t force things together if they aren’t fitting.  

  

Maneuvering in Senior Design Lab: Have situational awareness as too what other teams 

are working in the lab, don’t rush or run in the lab.  

  

Covid 19: Wear a mask and social distance at all times, sanitize workstations before and 

after working, clean hands before and after entering the lab, don’t come to lab if you have 

had known contact with someone Covid 19 positive.  

Thinking about the accidents that have occurred or that you have identified as a risk, 

describe emergency response procedures to use.  

In looking at an accident that occurred in October of 2010 where an 18-year-old male 

burnt his middle finger on a soldering iron, the emergency response for this, if it were to 

happen to us, would be to cool the burn, apply lotion and bandage the wound, notify 

another student working in the lab. If a severe burn, drive to the hospital and notify an 

employee of the college, if extremely severe call 911/Emergency responders.  

  

Common accidents that have occurred with 3D printing are minor burns in which the 

emergency response would be the same as stated above. Lacerations of the skin from 

people cleaning their part post print. If the cut is minor, clean the cut and bandage the 

wound, notify a fellow student in the lab. If severe, notify an employee of the college and 

mailto:Robert1.blount@famu.edu
mailto:Cnc17e@my.fsu.edu
mailto:robert2.craig@famu.edu
mailto:Pdd17@my.fsu.edu
mailto:smcconomy@eng.famu.fsu.edu
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determine if it needs to be stitched. If stiches are needed either drive to the hospital or dial 

911 for emergency responders if cut is extreme.  

  

For the potential risks associated with the heat shrink usage and mounting components 

together, the same procedure will be followed as stated above for either a cut or a burn.  

  

List emergency response contact information:  

• Call 911 for injuries, fires or other emergency situations  
• Call your department representative to report a facility concern  

Name  Phone number  Faculty or other COE emergency 

contact  

Phone number  

Keith Larson  (850)-410-

6108  

Larson@eng.famu.fsu.edu    

Patrick Hollis  (850)-410-

6319  

Hollis@eng.famu.fsu.edu    

        

        

Safety review signatures   

Team member   Date  Faculty mentor  Date  

Robert Blount  12/3/20      

Connor Chuppe  12/3/20      

Patrick Dixon  12/3/20      

Robert Craig  12/3/20      

        

        

        

Report all accidents and near misses to the faculty mentor.  
  

  

mailto:Larson@eng.famu.fsu.edu
mailto:Hollis@eng.famu.fsu.edu
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Name of Project: Low-Cost Hands-on Throttle 

and Stick  

Date of submission: 12/3/20  

Team member  Phone number  e-mail  

Robert Blount  850-206-6022  Robert1.blount@famu.edu  

Connor Chuppe  561-306-3836  Cnc17e@my.fsu.edu  

Robert Craig  850-728-7039  robert2.craig@famu.edu  

Patrick Dixon  850-218-8996  Pdd17@my.fsu.edu  

      

Faculty mentor  Phone number  e-mail  

Shayne McConomy  850-410-6624  smcconomy@eng.famu.fsu.edu  

      

Rewrite the project steps to include all safety measures taken for each step or 

combination of steps.  Be specific (don’t just state “be careful”).  

3D Printing: Don’t touch components that reach high temperatures, when cleaning part 

post print examine part for sharp edges first, wear gloves.  

  

Soldering (Wiring): Wear gloves and safety goggles, hold hand that is not holding the 

soldering iron far enough away to avoid burns, don’t touch the hot part of the soldering 

iron.  

  

Heat Shrinking: Wear gloves, when using heat gun keep hand holding the heat shrink far 

away from hot air.   

  

Mounting Components Together: Don’t breathe in epoxy, when screwing parts together be 

mindful of hand placement, don’t force things together if they aren’t fitting.  

  

Maneuvering in Senior Design Lab: Have situational awareness as too what other teams 

are working in the lab, don’t rush or run in the lab.  

  

Covid 19: Wear a mask and social distance at all times, sanitize workstations before and 

after working, clean hands before and after entering the lab, don’t come to lab if you have 

had known contact with someone Covid 19 positive.  

Thinking about the accidents that have occurred or that you have identified as a risk, 

describe emergency response procedures to use.  

In looking at an accident that occurred in October of 2010 where an 18-year-old male 

burnt his middle finger on a soldering iron, the emergency response for this, if it 

were to happen to us, would be to cool the burn, apply lotion and bandage the wound, 

notify another student working in the lab. If a severe burn, drive to the hospital and 

notify an employee of the college, if extremely severe call 911/Emergency responders.  

  

Common accidents that have occurred with 3D printing are minor burns in which the 

emergency response would be the same as stated above. Lacerations of the skin from 

people cleaning their part post print. If the cut is minor, clean the cut and bandage the 

wound, notify a fellow student in the lab. If severe, notify an employee of the college and 

mailto:Robert1.blount@famu.edu
mailto:Cnc17e@my.fsu.edu
mailto:robert2.craig@famu.edu
mailto:Pdd17@my.fsu.edu
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determine if it needs to be stitched. If stiches are needed either drive to the hospital or dial 

911 for emergency responders if cut is extreme.  

  

For the potential risks associated with the heat shrink usage and mounting components 

together, the same procedure will be followed as stated above for either a cut or a burn.  

  

List emergency response contact information:  

• Call 911 for injuries, fires or other emergency situations  

• Call your department representative to report a facility concern  

Name  Phone number  Faculty or other COE emergency 

contact  

Phone number  

Keith Larson  (850)-410-6108  Larson@eng.famu.fsu.edu    

Patrick Hollis  (850)-410-6319  Hollis@eng.famu.fsu.edu    

        

        

Safety review signatures   

Team member   Date  Faculty mentor  Date  

Robert Blount  12/3/20      

Connor Chuppe  12/3/20      

Patrick Dixon  12/3/20      

Robert Craig  12/3/20      

        

        

        

 


