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Project Objective

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 Lockheed
Martin vehicles. The bases will be modular to allow
for use with multiple HOTAS sets.
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Key Goals

Support multiple modular grips

* Allow different vehicle controllers to connect to the
bases

Integrate with Lockheed's system
« HOTAS needs to work with Prepar3D, flight simulator
software

Create a low-fidelity HOTAS

. HOTAS should have low manufacturing costs and
be easily repairable

Shall be used with desktop simulators

* Not going to be implemented with full cockpit
simulators

Provide same functionality as current models used

» Needs to have a similar number of outputs (buttons)
« Does not have to be on the same tier of fidelity

Robert Blount

FAMU-FSU

Department of Mechanical Engineering Engineering




Key Functions

Ergonomics | Electronics " Mechanical
Support Filter & :
Multiple Process I/O Fzre?jvt;gik
Modular Grips Data
“Integrate with : Operate
e~ Lockheed i Throttle &
g System Stick
F&* q“ﬁ‘% ” Robert Blount
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Targets and Metrics .

MIL-STD-1472G

11 January 2012
SUPERSEDING

MIL-STD-1472F
23 August 1999

DEPARTMENT OF DEFENSE
DESIGN CRITERIA STANDARD

Implement W|th S S s e HUMAN ENGINEERING
Various Craft
Design

PN

Conform to Mil
Standard 1472

> .

Fits 95% of 55 Separate
Aviators Signals

e
& - -
> -{4 AMSC N/A AREA HFAC
84 ATEMENT A. Approved for public release; distribution is unlimited.
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Targets and Metrics

~ Detect Aircraft
Output Signals Control Intent/
'Signal Activation

s

Transfer less than Less than 20 ms
5 Gbps of data latency

> ;
Less than 10 Gbps

L | @250 MHz
between throttle
r and Stick
F | S Patrick Dixon
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Targets and Metrics

! ! .
Operate Throttle Filter and Process|
and Stick I/O signals -
Filter noise,
Buttons can be process data into
depressed appropriate signal
type, fast Oms
-
Plus or minus 35 Throttle
—{ degrees of stick
rotation
o -
|| Throttle travels 6”
r or 65 degrees
! WL Patrick Dixon
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Concept Generation and Final Selection

Concepts generated: 100
Standard Concept Selection: Narrowed down to 3
Final Concept Selected: Concept 3 shown below

i Concept 1 Concept 2 Concept 3

3  Singular joysticks * Modular sticks * Modular sticks

:  Hall effect sensors  Hall effect sensors « Potentiometers
| « Python board  Arduino board  Arduino board

l * Yaw on stick * Yaw on stick * Yaw on throttle
. N - Sliding throttle - Sliding throttle « Rotating throttle
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Budget and Purchasing

Allotted $2,000 total Budget and Purchasing
Allocated $1,600

 Electronic Components
« Hardware Components
« Software Necessities Theottic Hardware

M Electronics Stick Hardware M Software M Throttle Hardware
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Hardware Prototyping
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Initial 3D Model

' Suction
- itbs Things Assessed
' . " _ « Making the stick circumference
| Arduino
smaller

Sensor Stick
Wiring Module

Throttle i

i

\ Throttle Base Stick Base
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Initial Printed Design

Initial Issues
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s - Material finish is rough

» Excess support material was

printed ,
Throttle Stick .';
« Stick wall thickness was too !

thin

!
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Design Update 1

Things changed

Locking Ribbing  Removed threaded stick

ﬁ Mechanism
« Added flange on stick base

s il:_\ o to reduce material used
] -

Throttle Stick

. Added ribbing to the i

i : : []
; Stick Flange throttle base for increased

e strength

~ Robert Blount
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Design Iteration 2 Things changed

o = Seared.dysten + Added a gear system
Mechanism . connected to the
DIN pin i potentiometer
ST Stick Cut
| 2
Throttle Section .
i ) * Reduced locking
mechanism to two slots
Stick Flange

* Added space for the DIN i
pin connectors :

« Removed modular bases

~ Patrick D
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Exploded 3D Throttle

1) Yaw paddle
2) Bearings
3) Throttle Base
4) Baseplate

: 5) Arduino

| 6) Gears
7) Rotary Potentiometer

| 8) Joystick Potentiometer

| 9) PCB

10) DIN pin

11) Throttle Back

12) Throttle Front

._ 13) Rotary Potentiometer Mount

l 14) Joystick Potentiometer Mount
15) Gear Shaft

* 16) Modular connection

© EEsE W NS W VLT

-
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Exploded 3D Stic

Stick Base
Baseplate e

Stick flange

)
)
)
4)  Stick Ball Left, and Right
’ 5)  DIN pin
6)  Spring tensioner
‘ 7)  Joystick Potentiometer i
. 8)  Stick Front -
 9) Stick Back I
; 10) PCB
l 11)  Potentiometer mount
12)  Arduino
13) Modular connection

Department of Mechanical Engineering
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Final Assembly of 3D Model
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Electrical Prototype

o
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Software and Packaging
C I

Arduino Leonardo Pinout Using Arduino Leonardo boards in each base
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Arduino is programmed with Arduino ide in C
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ATmega32u4 chip set allows the computer to
recognize the Arduino Leonardo as a game
controller

~ Robert Craig
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Modularity and Connectivity

9 pin mini-DIN connector used for modular connection
« 2 pins for input voltage and Ground

Using three pins for all digital buttons in each pair |
Mol Up to 4 analog signals through connection in each pair

One male in each throttle, and stick »
One female in each base i

- Female Din Pin
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Shift Registers and Buttons

PISO Shift Register

Each shift register allows the connection of 8 buttons

Can be wired together in series with multiple registers
to increase buttons, we use up to 5 in each set for 40
signals.

Works by taking in a parallel set of data DO-
D7 (buttons)

Each clock cycle shifts in the data to output through Q7
digitally as a singular value

e
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Printed Circuit Board Design

GND © Vc

280000 ;. PCBs allow for wiring to be more organized
o O === O ; :

8:9:2:2:8:8 Made for 3 shift registers
Pl C ol s - Can be connected to each other to
8.8.52.8.8 accommodate more

PO« a0, :

B0z =--20:6 More robust design }
8:0:==:8:0 Allows for ease of button replacement i
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Button Mount Prototyping

Throttle Buttons in Buttons with Buttons in Mounts Buttons in Mounts
Mount Connectors

Robert Craig
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Integration
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Throttle Integration

Difficulties assembling the throttle

Housing was initially too small to fit the
connectors and wiring harness

Cutting and re-soldering connections to improve
spacing issues

Did not expect so much mass and space issues
due to wires and Molex connectors

Rdbert

raig
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Stick Integration

A Stick Front & Back Stick Assembly

Robert Craig
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Initial Testing Goals

Communicate with the computer

Control aircraft in Digital Combat Simulator
Have less than 20ms of latency

Attempt a successful takeoff and landing

Department of Mechanical Engineering
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Initial Testing Setup

Connected Arduino to laptop to initialize
buttons and potentiometers

* Done using Microsoft Setup Game controller

Verified outputs were correctly displayed
for buttons

i
!
|
'l Calibrated potentiometers

\ * Ensured output was displayed across entire
-« range

o

Initial Testing Wiring Diagram
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Initial Software Testing

Mapped in-game commands to our buttons
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* Done USing the DCS software F-ﬁlcgckp'it&\_}ieq\k I.)uring“Tesét
» Selected a command of our choice then clicked the button we wanted it
mapped to
Assigned potentiometers to corresponding axis %
* Axis for pitch, roll, yaw and throttle i
Fly the aircraft in the simulator -

~ Connor Chuppe

ZIAE 2
& 004 R -
of (=2 e

Department of Mechanical Engineering 4 Engineering




RIMEIRES G ERELCEEVE

v v
Accomplishments| Issues

[ (Joystick movement did
not always correspond
—  Able to fly aircraft L to an output
ePotentiometer did not fit
into potentiometer mount
e

-
Yaw potentiometer did

g not center when
Digital buttons worked

L : L | released
9/10 times
eSwitched to a joystick
e potentiometer
5 7
fa (e i
Throttle wasn’t linear
r Latency was under across entire range
— target of 20ms —1 *Switched to a high
e (12.5ms) precision potentiometer
i ! /
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Final Testing Goals

Function with Prepar3D software
Have all buttons display an output
Have a realistic feeling throttle and stick

Connor Chuppe
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Final Testing Takeaways

.,-,'

Accomplishments

Able to fly
with Prepar3D

S

] Buttons could
be registered
with Prepar3D

o, s e o

Department of Mechanical Engineering

Throttle was
not able to be

used
S 2e°
not re-center \

when released
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Project Recap

. Connor Chuppe
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Future Work

Finalizing assembly of stick and throttle
Testing and validation of assembled HOTAS with Prepar3D
Implementing multiple sticks and throttles with bases

Feedback proportional to the speed and angle of attack of
aircraft i

Connor Chuppe
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Lessons Learned

Shift registers are a great way to gain large number of i/o

Fitting electrical internals is much more difficult when done
without the use of machines

i « Using a higher gauge wire would help with fitting

! = . |
; Waiting for budget to be allocated must be considered when !
; planning i
l Integrating electronic and mechanical components is very

& tedious

Connor Chuppe
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Throttle integration
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Stick integration
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Final Assembly
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““

Integrate with Current Lockheed System Yes It works with the system

Variable per each stick Major diameter and threading of mounting section for the stick

Support Multiple Modular Grips Length of mounting section for the stick

Pitch of the mounting threads for the stick

Integrate Buttons Within Specified Tolerances i i
g p £0.078-0.25in (2-6mm) Distance button can be displaced

Input Feedback Signals Receive signal for AOA, and craft speed to send to process into feedback Receive data through USB to USB-A
Provide Feedback 1.12 + 0.45 Ibf (5 £ 2 N) of force Provide an actuator force
ol £ This one and each below have no function to create a target and metric from Less than $4000 to manufacture Cost in $$
<»\"&.‘
10 Ibs. (45 N) < weight < 15 Ibs. (67 N) Weight Nz o

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 Wi

At least 5 years Product Lifetime

FAMU-FSU

Department of Mechanical Engineering Engineering




W=
.

2

y FAMU-FSU

Department of Mechanical Engineering O ' Engineering



Morphological Chart
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1 2
combination of buttons/switches Isotonic Joystick

Threaded Grips for multiple crafts  Threaded Grips for multiple crafts

combined, but modular for separation Separate Throttle & Stick
Arduino Arduino
USB-A Ethernet
Hall effect sensers Hall effect sensers
DC Motor DC Motor
Rotating Throttle Sliding Throttle
Twistable Stick Yaw on Throttle not Stick
from Computer From Computer
Mighty Mug Bottoms Increased Base Weight
Combination Plastics
6 7

Resemble F35 multple Gng Covers for sngle Stick
combined, but modular for separaton Separate Throttie & Stick
Arduno Arduine
USB-A USB-A
Encoder Potentiometer
DC Motor Torsional Spring
Rotating Throttle Shcing Throttie
Twistable Stick Yaw on Throttle not Stick
From Computer From Computer
Mighty Mug Bottoms Suction Cups
Combination Plastscs
B g ,,um&z‘l
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combination of buttons/switches  combunation of buttons/switches

3 -+
combination of buttons/switches combination of buttons/switches
Resemble F35 multiple Grip Covers for single Stick

combined, but modular for separation Separate Throttle & Stick

Arduino Arduino
USB-A Dve
Hall effect sensers Potentiometer
DC Motor Torsional Spring

Rotating Throttle Rotating Throttle

Twistable Stick Yaw on Throttle not Stick
from Computer From Computer
Full Chair Mount Suction Cups

Combination Plastics

8 9
combination of buttons/switches combination of buttons/switches
Threaded Gnps for mulnple crafts Threaded Grips for muitiple crafts
combined, but modular for separaton Separate Throttle & Stick
Ardumo Arduing
USB-A Uss-A
Hal eMect sensers Potentiometer
OC Motor OC Motor
Rotating Throttle Rotating Throttie
Twistable Stick Yaw on Throttle not Stick
From Computer From Computer
Clamp Full Chair Moumt

Plastics Combnation

5
combination of buttons/switches
Threaded Grips for multiple crafts
combined, but modular for separation
Arduino
USB-A
Encoder
DC Moter

Slotted Throttle

Twistable Stick
From Computer
Mighty Mug Bottoms

Combination

10
comBbination of buttons/switches
Resembie F35
combined, but modular for separation
Arduno
USB-A
Hall effect sensers

Torsional Spring

Rotating Throttie

Twistable Stick

From Computer
Clamp

o,

combination

FAMU-FSU
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Concepts 11 12 13 14 15

“ combination of buttons/switches Push Button combination Toggle switches Thumbwheel Adjustment

Threaded Grips for multiple crafts Resemble F35 Resemble F16 Resemble F35 multiple Grip Covers for single Stick
amb combined, but modular for separation Separate Throttle & Stick Single Unit Throttle & Stick Separate Throttle & Stick Single Unit Throttle & Stick
| Process | Arduino Pythen Board Python Board Python Board Python Board
USB-A USB-A USB-B 3.0 USB-C USB-B 3.0
m Encoder DC Motor DC Motor DC Motor Potentiometer
DC Motor Torsional Spring DC Motor Torsional Spring Stepper Motor
Sliding Throttle Sliding Throttle Sliding Throttle Rotating Throttle Slotted Throttle
. Twistable Stick Twistable Stick yaw on Throttle not Stick Twistable Stick yaw on Throttle not Stick
m From Computer from Computer from Computer Battery from Computer
2 m Full Chair Mount Clamp suction cups Velcro increased base weight
Combination Silicone Plastics combinatien Polymers
Concepls 16 17 18 19 20
__ Push Butten combination Thumbwheel Adjustment loggle switches combination
Resemble F22 multiple Grip Covers for single Stick  Threaded Grips for multiple crafts multiple Grip Covers for single Stick Threaded Grips for multiple crafts
o . amb Separate Throttle & Stick Single Unit Throttle & Stick Combined, but modular for separation Combined, but modular for separation Single Unit Throttle & Stick
,'p A m Python Board Pythen Board Python Board Python Board Python Board
% & | Communication | USB-A Ethernet () USB-C USB-B 3.0
# 5; : : Enceder Potentiometer Hall effect sensers Encoder Hall effect sensers
? ; 4 Torsional Spring Stepper Motor DC Motor Stepper Motor Torsional Spring
ﬂ . S SR Rotating Throttle Slotted Throttle Rotating Throttle sliding Throttle Sliding Throttle
yaw on Throttle not Stick Twistable Stick yaw on Throttle not Stick yaw on Throttle not Stick Twistable Stick
m from Computer Battery Battery from Computer from Computer g
m Full Chair Mount increased base weight Clamp Mighty Mug Bottoms suction cups
m Metals combination Metals Fiber materials Silicone

FAMU-FSU
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__ Process |

26
Fushbutton
Resemble F16
Single Unit Throttle & Stick
Raspberry Pi
Dv9
Potentiometer

Potentiometer
Sliding Throttle

Twistable Stick
Battery

Suction Cups

Resemble F16
Single Unit Throttle & Stick
Raspberry Pi

27
Isotonic Joystick
Resemble F35
Separate Throttle & Stick
Raspberry Pi
Ethernet
Hall effect sensers

DC Motor
Rotating Throttle

Yaw on Throttle not Stick
From Computer

Full Chair Mount

Resemble F35
Separate Throttle & Stick
Raspberry Pi

28
Thumbwheel Adjustment
Resemble F22
Separate Throttle & Stick
Raspberry Pi
US8-A
Encoder

tepper Motor
Slotted Throttle

Twistable Stick
From Computer

Clamp

Resemble F22
Separate Throttle & Stick
Raspberry Pi

29
Pushbutton
multiple Grip Covers for single Stick
Combined, but Modular for Separation
Raspberry Pi
Us8-B 3.0
Hall effect sensers

DC Motor
Sliding Throttle

Yaw on Throttle not Stick
From Computer

Velcro

multiple Grip Covers for single Stick
Combined, but Modular for Separation

Raspberry Pi

30
Thumbwheel Adjustment
Resemble F22
Separate Throttle & Stick
Raspberry Pi
Ethernet
Hall effect sensers

Stepper Motor
Slotted Throttle

Twistable Stick
8attery
Mighty Mug Bottoms

Plastics Metals Combination Fiber Materials Silicone
Concepls 26 27 28 29 30
Pushbutton Isotonic Joystick Thumbwheel Adjustment Pushbutton Thumbwheel Adjustment

Resemble F22
Separate Throttle & Stick
Raspberry Pi

Dve Ethernet US8B-A Us8-B 3.0 Ethernet
Potentiometer Hall effect sensers Encoder Hall effect sensers Hall effect sensers
Potentiometer DC Motor Stepper Motor DC Motor Stepper Motor

Sliding Throttle

Rotating Throttle

Slotted Throttle

Sliding Throttle

Slotted Throttle

Twistable Stick Yaw on Throttle not Stick Twistable Stick Yaw on Throttle not Stick Twistable Stick
Battery From Computer From Computer From Computer Battery
Suction Cups Full Chair Mount Clamp Velcro Mighty Mug Bottoms
Plastics Metals Combination Fiber Materials Silicone
i e i S T N D (Y NSO
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Concepts
(R |
Communication

13

31
combination from above
Resemble F35
Separate Throttle & Stick
Raspberry Pi
USB-C
Potentiometer

Stepper Motor
Rotating Throttle

Yaw on Throttle not Stick
From Computer
Suction Cups

Plastics

36

Toggle Switches
Resemble F16

Custom Circuit Board
DVv9
Potentometer
Stepper Motor

Slotted Throttle

Twistable Stick
From Computer
Velcro

Silicone

Department of Mechanical Engineering

32
Thumbwheel Adjustment
Resemble F35
Separate Throttle & Stick
Custom Circuit Board
USB-A
Encoders

Torsional Spring
Sliding Throttle

Twistable Stick
Battery
Suction Cups

Plastics

37

Isotonic Joystck
Resemble F22

Combined, but Modular for Separatiorombined, but Modular for Separatic

Custom Circuit Board
USB-C
Hall effect sensers

tepper Motor
Slotted Throttle

Twistable Stick
From Computer
Velcro

Silicone

33 34 35
combination from zbove Pushbutton combination from above
Resemble F16 Resemble F22 Resemble F35
Combined, but Modular for Separation Combined, but Modular for Separation Combined, but Modular for Separation
Custom Circuit Board
USB-A

Custom Circuit Board
USB-A
Motor DC

Torsional Spring

Custom Circuit Board
USB-A
Motor DC

Torsional Spring

Hall effect sensers

Torsional Spring

Sliding Throttle Sliding Throttle Rotating Throttle

Twistable Stick Twistable Stick Yaw on Throttle not Stick

Battery From Computer From Computer

Increased Base Weight Increased Base Weight Clamp

Combination Metals

Combination

38 39 40

combination from above

Resemble F35

Toggle Switches
Resemble F16
Single Unit Throttle & Stick
Custom Circuit Board

Toggle Switches

Resemble F22 —

Separate Throttle & Stick Combined, but Modular for Separation B
®

Custom Circuit Board Custom Circuit Board

USB-A Ethernet USB-A
Hall effect sensers Potentiometer Encoder
Torsional Spring DC Motor DC Moter

Sliding Throttle Slotted Throttle Sliding Throttle

Twistable Stick Yaw on Throttle not Stick Yaw on Throttle not Stick

From Computer From Computer From Computer

Increased Base Weight Increased Base Weight Clamp

Combination Fiber Materials

Combination

FAMU-FSU
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41

combination of buttons/switches

Threaded Gnps for muitiple crafts

Separate Throttle & Stick
Arduino
UsB-A
Encoder
DC Motor

Slotted Throttle

Twistable Stick

From Computer

42

combination of buttons/switches

muitiple Grip Covers for single Stick

Separate Throttle & Stick
Arduino
USB-A
Potentiometer

Torsional Spring
Rotating Throttle

Yaw on Throttle not Stick

From Computer

43

lsotonic Joystick

Threaded Grips for multiple crafts

Combined, but modular for separation

Python Board
bve
Encoder
DC Motor

Sliding Throttle

Twistable Stick
Battery
Mighty Mug Bottoms

44
Push Button

Resemble F22

Combined, but modular for separation

Python Board
Lthernet
Potentiometer

Torsional Spring

Slotted Throttle

Twistable Stick
Battery

Clamp

45
lsotonic Joystick
IThreaded Grips for multiple crafts
Separate Throttle & Stick
Raspberry Pi
UsB-B3.0
Motor DC
Torsional Spring

Rotating Throttle

Yaw on Throttle not Stick
From Computer

Mighty Mug Bottoms

Mighty Mug Bottoms Clamp
Combination Plastics Fiber materials Plastics Polymers
46 47 48 49 50
Pushbutton

lsotonic Joystick
Resemble F16
Single Unit Throttle & Stick
Raspberry Pi

DC Motor
Sliding Throttle

Yaw on Throttle not Stick

combination from above
Threaded Grips for multiple crafts
Separate Throttle & Stick

Custom Circuit Board

Torsional Spring
Rotating Throttle

Yaw on Throttle not Stick

Pushbutton
Resemble F22
Single Unit Throttle & Stick

Custom Circuit Board

Torsional Spring
Rotating Throttle

Yaw on Throttle not Stick

lsotonic Joystick

Resemble F22

Combined, but Modular for Separation

Custom Circuit Board

Rotating Throttle

Yaw an Throttle not Stick

Resemble F22
Separate Throttle & Stick

Custom Circuit Board

USH-A USe-B 3.0 DVvV9 UsSB-C USB-C
Hall effect sensers Maotor DC Potentiometer Mator DC Encoder
DC Motor Torsional Spring

Slotted Throttle

Yaw on Throttle not Stick

From Computer

Battery From Computer From Computer Battery
Velcro Increased Base Weight Clamp Clamp noreased Base Weight
Metals Silicone Silicone Fiber Materials Combinaton

FAMU-ESU
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;I;]het’hhrottlg btasl? has buttons but not on the throttle itself. The base for the stick has no buttons but the stick itself has all the necessary buttons. Separate base for
rottle and stic

The throttle base doesn’t have buttons, all throttle buttons are on the throttle itself. Stick base has buttons and not on the stick itself. Separate base for throttle and

stick

The base has all the buttons on it and no buttons on the throttle or stick. Single base for throttle and stick

2

W=
.

Department of Mechanical Engineering 60




Using a 3-d scanner and appropriate tech create the one stick and throttle to rule them all (like the one ring form lord of the rings), with functionality in key locations
for each of the operable crafts chosen

Destroy an existing HOTAS of low fidelity to create a new shell and reuse most of their electronics and components.

Entire desk is the HOTAS, the stick and throttle built into the desk surface as well as all the buttons and switches

Haptic HOTAS, gloves on the hand that recognize hand positions in space to detect control intent

Department of Mechanical Engineering




Use a ball joint for the stick with variable resistance in all directions to detect the control intent.

Electric signal could then be sent through the stick to sense the orientation of the stick
Base housing made of LEGQ’s, could be painted and glued together to form a rigid structure

Printed circuit boards to direct the signals instead of a lot of wires

Pl - e T S A T e e S
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Buttons that are rubber similar to a tv remote

Stick base bolted to floor

A yoke(flight steering wheel) with the HOTAS implemented into it, so that the right side has the stick with operable functions and the left side has the throttle with
rotating functionality:

Mirror the Atari 2600 system Joystick

T
i e S S e b
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Instead of having a base to mount to the desk, you have it attached via a wrap around on your legs

All leg functional HOTAS

Bluetooth/WIFI HOTAS

Magnetic interchangeable stick

FAMU-FSU

Department of Mechanical Engineering »: Engineering




Easily Repairable - 0 0 1
Under 54,000 1 = 0
Be able to integrate with
Lockheeds software
Provide Feedback
Similar Functionality to

Current Products 1 0 0 1 = 2
Total 3 1 0 4 2

Engineering Characteristics
mprovament Direction T -~ ¥ + T ) = =
Jnits Years S n/a ms MHz Mpa Ibs n/a bsf n/a
©
= o
x a
] = 8 e - =
- e} - = E . = — u 3
=2 a9 3 o £ 3 = © = c
o = P < £ H = - &£ i
& = w0 & = : :'_-
Customer e 3 =
2 e g = -
requirements £EL i
& e 1 3 3 1 9 9
S 3 8 S 3 3 2 3 1 3 3
-
0 1 1 3 3 0 0 0 0
1 0 3 1 3 1 3 1 1 9 1
2 9 3 3 0 3 3
2439 7 41 28 15 16 19 18 19
281 16.47 2 6.02 6.43 7.63 7.23 7.63 @ g
3 2 7 3 3 8 3

e, T
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pugh charts backup

Concepts

2
2

Engineering Chars | Wraith Systems

* * + * * *

Latency/Transfe
Speed

rre ]\_,s— - - - - - -

Material Strength Datum - - = = - -

vveign - - - -

Shape - - - - - -

Repairabilit + + * : - 2

Pluses 3 3 3 3 3 3
Minuses | 6 - 6 6 & 6
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pugh charts backup

Concepts
Engineering Chars Concept 1
Lifespan
e Cost + + o + &
Laten cy,tTr; nsfer . : S S S _ S
Speed
Frequency S S S S S S S
Material Strength Datum S S S - S - S
Weight S S + - S - S
Shape S + - S S S -
Force S S - + - S
i -,‘ Repairability S B - + - S +
Pluses 0 4 1 2 1 1 2
Minuses 1 2 3 2 4 1

FAMU-FSU
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charts backup

Concepts

Engineering Chars

Concept 3

Lifespan

Cost

Latency/Transfer
Speed

Frequency

Material Strength

4 Force

Repairability

Pluses

r Minuses

Datum

- + - + +
+ + S S S
S S S S S
S S S - S
S S + - S
- S = S =
- - S - S
- - - + +
2 2 1 2 2
4 1 3 4 1

-
¥
: oy

e e
o
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pugh charts backup

Concepts

Engineering Chars Concept 2 3

Lifespan

T et (L ; Cost S + - + R P

Latency/Transfer Speed S S S S

Frequency S - S S

Material Strength Datum S S S S

.'vﬂv[Eigh‘: S S + S

Shape

Force

Repairability

Pluses

r ; Minuses

Ol v (1] %
N | W s (e
]

+ |n

=N

oy SN BB
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AHP charts backup

Weighted total Weighted sum Conistency vector ~average consistency
0.076 0716 9433 | nvalue 9
0300 3.240 10.806 Consistency index
0.167 1770 10.628 Ri (lookup value (n))
0.156 1615 10375 Consistency Ratio
0.034 0319 9.376 |
g 0.026 0.250 9.786
0.025 0243 9.792 |
0025 0235 9.589
0.193 2116 10.953 |

FAMU-FSU
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AHP charts backup

Cost AP
Concept 1
Concept2
Concept 3
Conceptd
Total

Cost N AHP Concept 1

Concept 2 Concept 3 Concept 4 = i, - - S i
Concept 1 0063 0029 | 0.0 | 0031 | o
Concept 2 0.188 0.088 0.096 0.051
Concept 3 0.438 0.618 ‘ 0.673 ‘ 0.765 ‘
Concept 4 0313 0.265 0.135 0.153
Total 1 1 1 1
weighted total weighted sum total vector average 4.2457

0.055 0222 | 4,065 | nvalue lookup 4

0.106 0431 4075 Consistency Index

0623 2827 | 4535 | Random index value

0216 0931 4308 Consistency Ratio

1

¥
¥
- SR
4 =
y A
o
e Co
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AHP charts backup

Repairablty AHP. Concept Concept2
Concept 1 1 313
Concept2 13

Concept3 7

1

Concept4
Total 1

Repairability N AHP Concept 1 Concept 2 Concept 3 Concept 4
Concept 1 0.088 0.189 0.102 | 0.038
Concept 2 0.029 0.062 0.080 0.038
Concept 3 0.618 0.561 0.716 | 0.809
Concept 4 0.265 0.187 | 0.102 0.115

Total 1 1 1 1
weighted total weighted sum total  consistency vector  average consistency 4.2607
0104 | 0415 3.976 | nvaluelookup 4
0052 0218 4.158 Consistency Index
0676 | 3.055 4519 |Random index value
0.167 0.734 4390 Consistency Ratio
1

FAMU-FSU
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AHP charts backup

Frequency(resolution) AHP Concept Concept2 Concept3 Concept

Concept3
Conc

Frequency(resolution) N AHP. Concept 1 Concept 2 Concept 3 Concept 4
Concept 1 0.427 0427 | 0.446 | 0351 |
Concept 2 0.427 0.427 0.446 0351
Concept 3 0.085 0085 | 0.089 [ 0249 |
Concept 4 0.061 0.061 0.018 0.050
Total 1 1 1 1
2 weighted total weighted sum total  consistency vector average consistency 4.2172
0413 | 1.794 | 4347 | nvalue lookup
0.413 1.794 4.347 Consistency Index
- 0.127 ‘ 0.528 ‘ 4.153 ‘ Random index value
of 0.047 0.190 4.021 Consistency Ratio
1

FAMU-FSU
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PERCENTILE VALUES IN CENTIMETERS

s O

Sth PERCENTILE 98ch PERCENTILE
GROUND GROUND
TROOPS | AVIATORS | WOMEN | TROOPS | AVIATORS | WOMEN

HAND DIMENSIONS ‘
57 HAND LENGTH 174 127 161 207 207 20.0
58 PALM LENGTH o8 100 9.0 "7 19 108
50 HAND BREADTH 8.1 82 69 97 97 85
60 HAND CIRCUMFERENCE | 195 19.6 16.8 238 2.1 199
61 HAND THICKNESS 24 35
FOOT DIMENSIONS
62 FOOT LENGTH 245 M4 22 200 20 285
63 INSTEP LENGTH 172 175 183 217 214 196
84 FOOT BREADTH 2.0 9.0 8.0 102 1.8 93
65 FOOT CIRCUMFERENCE 25 28 208 4 220 25
68 HEEL-ANKLE

CIRCUMFERENCE N3 30.7 25 379 %3 333

PERCENTILE VALUES IN INCHES

HAND DIMENSIONS
87 HAND LENGTH (¥ (1] w2 813 .14 789
58 PALM LENGTH wan 3N 358 4.6 4.9 424
09 HAND BAEADTH 320 322 272 k¥ <] 30 in
90 HAND CIRCUMFERENCE 788 . (¥ -] 0228 o 782
61 HAND THICKNESS 0.86 1.3
FOOT DIMENSIONS
62 FOOT LENGTH .65 0.62 8.74 14 1.4 10.42
63 INSTEP LENGTH (X7 e (X)) 84 842 7.70
64 FOOT SREADTH 383 1.7 3.8 'y, 458 384
96 FOOT CIRCUMFERENCE 8.88 (X)) .17 10.729 1062 0.65
08 MEEL -ANGLE

CIRCUMFERENCE 172 1208 na 1457 1430 171

SIPREE T
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@ ®
fy@_\, ® C@t
‘-"/‘\

DIMENSIONS
@ Fingattip Grasp Thumb ond Finger @ Poim Grasp
Eocireled
H 0 ] -] S
Neight Diemeter Diemerer Diemeter Longth
Minimym 13 mm (1/2 inJ{ 10 mm (3/8 ) 2 mm (1) blm (1:1/200) 78 mem (3 in)
Maximum |25 mm (1 in) [100 mm (4 i) 78 mm (3 in) 78 mm (3 in)
TORQUE SEPARATION
H) s
One Hend Twe Honds
he 2 Individuelly Simultencovsly
7 - Minimum 28 e (1 i) 80 mm (2in)
~ Optimum . . 80 mm (2 in) 128 mn (5 In)
& » Heximum 32 mN-m 42 mN-m
(4=1/2 th,=02.) | (8 in—or)
*To and including 25 mm (1.0 in.) diemeter knobs
**Greater then 28 men (1.0 in.) clamensr knobs
r 20 A
= FIGURE 7. KNOBS v
s
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CONTROL OPTIONS X

Fik1ac Sim " W roaeuer  TERGRIR T T M T TR

Action Category Keyboard T.16000M {4E8S... Mouse
KY-58 Power Select Knob - TD Right Console, KY-58 Cont

KY-58 Power Select Knob - TD/ON Special For Joystick, Right

KY-58 Volume Control Knob - CCW/Decrease Right Console, KY-58 Cont

KY-58 Volume Control Knob - CW/Increase Right Console, KY-58 Cont

Landing Gear Control Handle (EMERGENCY DOWN) - EXTEND Left Vertical Panel

Landing Gear Control Handle (EMERGENCY DOWN) - EXTEND/RETRACT Left Vertical Panel

Landing Gear Control Handle (EMERGENCY DOWN) - RETRACT Left Vertical Panel

Landing Gear Control Handle - DOWN Left Vertical Panel LShift + G
Landing Gear Control Handle - UP Left Vertical Panel LCtrl + G
Landing Gear Control Handle - UP/DOWN Left Vertical Panel G

Launch Bar Control Switch - EXTEND/RETRACT Left Vertical Panel Q
LDG/TAXI LIGHT Switch (special) - ON/OFF Special For Joystick, Left \

LDG/TAXI LIGHT Switch - OFF Left Vertical Panel

LDG/TAXI LIGHT Switch - ON Left Vertical Panel

LDG/TAXI LIGHT Switch - ON/OFF Left Vertical Panel

Left Engine/AMAD Fire Warning/Extinguisher Light Cover - CLOSE Instrument Panel

Left Engine/AMAD Fire Warning/Extinguisher Light Cover - OPEN Instrument Panel

Left Engine/AMAD Fire Warning/Extinguisher Light Cover - OPEN/CLOSE Instrument Panel

Left Engine/AMAD Fire Warning/Extinguisher Light Switch - PRESS Instrument Panel

Left Engine/AMAD Fire Warning/Extinguisher Light Switch - PRESS/RELEASE Instrument Panel

Left Engine/AMAD Fire Warning/Extinguisher Light Switch - RELEASE Instrument Panel

Left Generator Control Switch (special) - NORM/OFF Special For Joystick, Right

Left Generator Control Switch - NORM Right Console, Electrical P

Left Generator Control Switch - NORM/OFF Right Console, Electrical P

Department of Mechanical Engineering
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gister_Practice §

Joystick.h

IDENTIFIER

dataln =

I

t int shiftRegisterNum = 5;

t int bitNum = shiftRegisterNum*8;

buttons [bitNum];

InitAutoSendState = txr

=0z

tOo run once:
b (ioSelect,

(clockPulse,

Y
o

(dataln,

ain code h

ioSelect, L
(clockPulse,
clockPulse,
ioSelect,
(3 = 0;3 bitNum

output

dataln);
,buttons([jl);

going on behind the scenes

S AR R s
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