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Mission Statement

Drone-Rover Integrated Fire-Tracker (DRIFT)

will develop a mother rover to secure, carry, and level an
Unmanned Aerial Vehicle (UAV) for the purposes of gathering
pertinent environmental data regarding locations at risk of or
exposed to a wildfire.
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Project Overview: Fire Tracker System

» As a result of climate change, wildfire seasons are becoming hotter and longer
 This allows for a wildfire to easily ignite and rapidly spread
» United States Forest Service is consistently increasing its budget for wildfire
mitigation, rising from 16 to 50% of the Forest Service Budget since 1995+

* A deployable mother rover and autonomous drone provide a low cost means of
long-range reconnaissance for early detection of wildfires

» These systems can assist firefighters in investigating areas sometimes impassible
by ground-based methods alone

IThe Rising Cost of Wildfire Operations: Effects on the Forest Service’s Non-Fire Work.” United States Department of Agriculture: Forest Service, 4
Aug. 2015.



Project Heritage

DRIFT will utilize both the INFERNO and CHIMERA hardware and software shown below:
Project Name | CHIMERA

Project Name | INFERNO

INtegrated Flight Enabled Rover for Natural
disaster Observation

CHIld drone deployment MEchanism and
Retrieval Apparatus

Timeline 2015-2016 Timeline 2016-2017
Overview Semi-autonomous drone capable of Overview The landing, securing, and deployment
transporting and deploying a temperature system for the autonomous drone inherited
sensor package to a location of interest from INFERNO
Capabilities o Mission Duration: 13.5 min Capabilities o Capable of securing CD up to 200m from
o Fully Autonomous Takeoff at inclinations GS
< 3.5 degrees o Drone recharging system can charge the
o 10 m/s Translational Flight CDS LiPo battery upon command
o Video/Imaging: 720p at 30fps . o Autonomous landing functionality utilizing
o Sensor Package: > 90% transmission of _ | d image recognition upon command from
SPS data <. ) ' ground station



DRIFT
CONOPS

DRIFT Mission

OXO,

CD - Child Drone C—1 DRIFT

GS - Ground Station - CHIMERA
MR - Mother Rover : INFERNO
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Original Rocker-Bogie System

Changes from PDR

* Translational System

* Modified from Rocker-Bogie to Fixed-
Chassis design

* Allows for increased stability — beneficial for
leveling system

* All 4 wheels powered — increased traction

* Motors less expensive — financially more
efficient

* No legs and less motors - decreased weight

e Decreased complexity — more time dedicated to
leveling system

* Range modified from 500 to 250 meters
from GS

e Batteries required for 500 meters out of budget
* Modification approved by customer
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Design Solution: An Overview

Landing Platform and
Securement Mechanism

Leveling System: Internal
Jacks and Ball Joint

Antennas

Fixed-Chassis
Body




Design Solution: An Overview

Top View

Side View

Front View




Functional Block Diagram
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Critical Project Elements




Translational System Importance

* Critical to the Mother Rover’s ability to maneuver to the desired GPS
location.

e Gives Mother Rover ability to traverse terrain considered to be
dangerous for firefighters.

* Allows for firefighters to remain safe.

* Integrated with Landing Platform — carries Child Drone .|

* Houses all electrical and mechanical components
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Leveling System Importance

* Landing Platform must be level for Child Drone to autonomously land.
e CD Can land and takeoff at inclinations within 3.5° of level.
* Uses image recognition software for autonomous landing.

* Must level Landing Platform while on a 20° slope.

* Must level Landing Platform while traversing a 5 inch obstacle.

Child Drone

AR Tags for
Autonomous Landing

Image from CHIMERA



Critical Project Elements
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Electronics and Communications Importance

Legend
Created by DRIFT =3 Commands
=== Wireless Commands Completed CD&H = Command and Data

—p Power Handling System

* Mother Rover to Ground Station CrestedbycHMERA il S

Modified by DRIFT
=w== Wireless Data

* Transmit MR GPS location and heading Geaedy WEMO e wrssscomecion  [CSRRRRIRA coum - exarn
Modified by DRIFT = == Mechanical Interface CRmmation byt
* Transmit MR live video feed e
* Both critical to navigation —— SSI/II;S;S;L‘/’J{ZZZL::
G,PS data and MR live ?:czre'n::s:n:eocs:anism ;
* Ground Station to Mother Rover ookl | sndlevingfor
* Transmit commands for translational 5___';;-_;-_-_;-_;;-,
motion Mother Rover é 5
* Transmit commands to turn MR video e =3 cowm
feed on/off 3 Mobiny | L To6"8 |= f
—; Wheel CHIMERA Platform
* Transmit commands to open/close MR =—=- |- o
_ > eveling - eveling Handlin .
securement mechanism o , - Doddsg éid
. 5| Docking — Doc'kmg . GPS b
* Transmit commands to level LP — R T
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Design Requirements and Satisfaction




Translational System Requirements

Functional Description
Requirement

FR4.0 The MR shall traverse 250 meters away from the GS to a specified GPS location over rough terrain
defined by varying slopes and obstacles which require the MR to navigate over and around them. The
MR shall return to the GS after the mission is complete.

Design Definition
Requirement

DR4.1 The MR shall travel at a speed within the range of 0 to 0.5m/s in forward and reverse.

DR4.3 The MR shall turn 90 degrees in a 10 ft. radius

DR4.4 The MR shall execute received commands including moving forwards, backwards, turning, speed
variation, and coming to a complete stop.

DR4.5 The MR shall traverse up and down a slope of 20 degrees.

DR4.6 The MR shall traverse 5 in. tall obstacles.

Note: Modified FR4.0 distance from 500 to 250 meters due to budget constraints on battery size.
21



Design Solution for Translational System

Entire MR Translational System

Wheels

Motors




Finite Element Analysis — Wheel Shaft




Stress Contour

won Mises [N/m#2)
3.145e+007
! 2.883e+007
_ 2.621e+007

_ 2.359:+007

_ 2.097e+007

_ 1.835e+007

_ 1.573e+007

_ 1.310e+007

_ 1.048e+007

_ 7.863e+006
5.242e+006

l 2.621e+006
1.471e-006

—p Yield strength: 6.204e+008

Parameters Assumptions
e Surface contacts of the cylinder are fixed * Force load from the weight of the rover is
at the wheel and middle bearing all applied at the end surface of the shaft
* Force load is applied at the end surface (worst case scenario)
* Force load is equivalent to one 1/4 of the * No deflections of the shaft in between the
weight of the rover (90 Ib.) wheel and the middle bearing

e 4 shafts
e Material: 1045 Carbon Steel




Stress Contour

von Mises [N/m”2)

3.145e+007
‘ 2.883e+007
. 2.621+007 Results
e * Maximum stress at the
_ 2.097e+007 o

edge of the middle
_ 1.835e+007 .
_ 1.573e+007 bearlng
. 1310e+007 e Maximum stress:
_ 1.048e+007 N
: 3.145E7 —;

_ 7.863e+006 m

5,2426+006 e Maximum stress occurs

I 2.621e+006 due to sharp edge of
L the key insert
— Yield strength: 6,.204e+008




Deflection Contour

URES [mm)

1.181e-001

. 1.083¢-001

_ 9.843e-002

. 8.859e-002

_ 7.874e-002

_ 68%0e-002

_ 5.906e-002

_ 4.921e-002

_ 3.937e-002

_ 2.953e-002

1.969e-002

9.843e-003

1.000e-030

Results
Maximum deflection at the
end of the shaft at the
bearing
Maximum deflection:
0.1181 mm (0.0046")
Beam deflects a minimal
amount in the absolute
worst case scenario




Traction Analysis

* Traction and Torque models primarily defined from grade resistance (GR), rolling resistance (RR), and inertial
resistance (FA)

* These forces summed to get Total Tractive Effort (TTE)

Weight, W 250 Ib.
Incline Angle 6 20 degree
Velocity, V 0.5m/s
Rolling resistance factor, C,., 0.037
Frictional loss factor, FR 1.1
Wheel radius, R, 9in.
Acceleration time, t, 3 seconds
Coefficient of friction, u 0.6

 TTE[Ib] = RR + GR + FA

* RR = Reacypee; * Crr

* GR = Reacypee; * Sin(0)
ReacWheel'V

Ft
32.25tq

e\Wheel Torque Required: T, = TTE - R,, - RF
eMax Tractive Torque: MTT = Reacypeer * 1L - Ry

 FA=

e\Wheel Torque must be less than Max Tractive Torque, otherwise will slippage will occur.



Driving Directly Uphill (Per Motor):

1§§Oaf Wheels: Traction Model For Determining If Wheel Slippage Will Occur (Y axis must be positive)

[in-1b] (must be positive for no slippage)
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Fr:orbt Wheels: Traction Model For Determining If Wheel Slippage Will Occur (Y axis must be positive)
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Driving directly sideways along a 20 degree slope:

Left:

Ty 1efe = 135.4 inlb
MTT,. s, = 683.9 inlb

Right: Ty, ignt = 74.9 inlb
MTT,igne = 378.5 inlb

All of the orientations in between these two cases will be characterized through testing
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Skid Steering Axial Forces

Initial Equations:
* Mot =Rx(fy1+fy2+fy3+fy4) S ZMO =0 - Myt =Mfric
VeV,
* Mpric = Ry(fur + faz + faz + fra)  ° Lfy=ma a= fAt

Xy =2 " V=l =0

Divide by 4 to get axial force at each Wheel

R, ma

e = pou
y

Parameters:

Ry=211ft R,=123ft m=400lbm V;=164L At=2s

Axial Force on Each Wheel

It = 437 Ibf

s2

f, = 140.667




Steering Control

Flowchart

Set by user :

thres_t =0.05
thres_m = 0.05

Input :m &t
START A4 =m =1
-l=t=1

thres_z =01

TURN IN PLACE

Rmotor = -t x RPM
RPM = RPM_
DIR=1ifm=0,=0ifm=10
EN =1

Lmotor =t x RPM
RPM = = RPMg
DIR=1ifm=0,=0ifm=20
EM=1

|m| = thres_z
L&
|t] = thres_z

STATIONARY
COMMAND

RPFM =10

DIR = 1
EN =0
STP =1

FOWARD / BACKWARD

Rmotor = m x RPFM
RPM = RFPMg

» DIR=1im=0,=0ifm=20

|t] = thres_m

EM =1
Lmotor = m x RPM
RPM = RPM_
DIR=1ifm=0=0ifm=20
M EM =1
LEFT TURN IN RADIUS RIGHT TURN IN RADIUS
Rmotor = m x [t x RPM Rmotor =m x |t] x RPM
RFPM = RPMg . RPM = RPMg
DIR =1 ifm=0,=0ifm=0 4 DIR=1#m=0 =0ifm=0
EM =1 EM = 1
M b
Lmotor=m x {1 +1t) t=0 Lmotor=m x {1 +t}
RFM = RPM_ RPM = RPM_
DIR=1ifm=0=0ifm-=0 DIRE=1ifm=0 =0ifm-=0
EMN =1 EM =1
I T
Send
Command END

to Motor

[ ]- Dead Zone (Stationary)
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Leveling System Requirements

Functional Description

Requirement

FR5.0 The MR shall position itself for the CD to take-off and land safely such that it is able
to be secured by the MR's securement mechanism

Design Definition
Requirement

DR5.1 The MR shall level itself within 3.5 degrees after coming to a complete stop.

DR5.2 The MR shall hold a completely stopped position a slope of 20 degrees by using a
wheel locking mechanism.



Design Solution for Leveling System

g Ball Joint Assemblies

Forward Pivot Point /

Scissor Jacks

EJ212 Electric Car Jack Lift Height of 9.5" Black Bull Tools Inexpensively provides motor
Max Lift Force of 2000 Ib. and jack combination.
7/16"-20 Ball Joint Linkage Rated for 1150 Ib. McMaster-Carr Provides freedom of motion for
Swivel Range of 44° attachment between LP and
rover
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Controls for Leveling System

+5V DIO Pins on Arduino Mega
Limit
Switch [ 12V Relay
Vm
+ —— -V
GND
o L .| V4
MOTOR =
 — . .
— o 12y e Whenno .corr?mand'sent, jacks are statlonary.. |
-  When activating logic on one of the relays, a circuit
v is completed, allowing current to flow through the
- | motor.
i GND * Depending on which relay is triggered, current will
flow in a different direction, creating upwards or
downwards movement in jack, allowing for control.




Controls for Leveling System

| Start I
[

v PIN 30 = 1 PIN 25 = 1
Other PINs = 0] |Other PINs = 0
Read input from IMU (Raise Jack 1) | | (Raise Jack 2)

v

_ PIN 30 =1
Calculate current pitch PIN 22 = 1
(8], roll (¢), and yaw (V) Other PINs = 0

(raise both jacks)

PIM 26 =1
are |8 and N PIN2T=1 |
p| = 3.577 Other PINs = 0

(lower both jacks)

All FINs = Dl ’l
isLevel = End I

| Calculate current pitch .
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Leveling Simulation

Relays removed from button circuit,
hooked up to:
 5VDC power supply (upper
connection to relays)
12 VDC power supply (lower
connection to relays)
5 VDC power supply to simulate voltage
seen by Arduino to control the leveling
jack
Can see that when Arduino voltage is
rerouted, the jack changes direction
Gif is speed up 4x

5V

@— To Motor 12V




"ipping Analysis

Locations of valid center of gravity locations found for
three cases:
* Translate over 5 inch obstacle
* Translate up 20 degree slope
e Simultaneously translate up a 5 inch obstacle and
a 20 degree slope. (Most tilted state)
Trigonometry used to find the locations.
Center of gravity is:
e 18 inches from the end of the back left wheel
e 17.06 inches forward from the back of the left
wheel
* 6.22 inches above the center of the wheels.

- Center of Mass Locations for Hill Translation and Obstacle

} 28.8in

\ I o
o \ : A= =Limiting Line Left
\ , | =Limiting Line Right
40 | \ I / m Adjusted Slope
\ I / O Center of Gravity
- L \ Xle
o o2 \ | * = = Center Line
@ 30 1/ ~ = Max Height
B TR I L S e e Possible CG
@ / N Locations
c 25 \
g I
= I N
O 20 | \
8, l
TlE) ’ I(?s 14.22)
> 101 I
5 B3
|
0 1
-5 1 1 1 1 I
-10 0 10 20 30 40

Horizontal Dimensions (in)
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Communications Requirements

Functional Description

Requirement

FR2.0 The MR shall receive commands from the GS at 5 Hz.

Design Definition

Requirement

DR2.1 The MR shall record a log of received commands from the GS detailed in DR2.4.

DR2.2 The MR shall receive signals with a signal to noise ratio of at least 6 dB-Hz (industry
standard).

DR2.3 The MR shall receive commands at a distance of 500 meters.

DR2.4 The commands to be received by the MR from the GS include: forward/backward

translational motion, turning motion, to turn on/off the MR video feed,
opening/closing the CD securement mechanism, and to level the LP.
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Communication Requirements

Functional Description

Requirement

FR3.0 The MR shall transmit specified data to the GS at 30 Hz.

Design Definition
Requirement

DR3.1 The MR shall transmit its current GPS location to the GS with an accuracy of 5 m.

DR3.2 The MR shall transmit live video feed at 1080p at 30 fps to the GS

40



Design Solution for Communications

Distance between antennas calculation:
c _3x108m/s

A= 7 = 5.8 x10° Hz =0.0517 m =2 inch

Parts chosen:

Immersion RC Video Transmitter

* Easy to use system

* Previous team already has
multi-channel receiver for
this piece

Xbee Pro S3B

* Allows creation of custom messages

* Has RP-SMA connector, allowing
interchangeable antennae
in case of damage

41



Start

v

Receive
message from
¥Bee

v

Convert Message:
move = double
turn = double
startLevel = bool
isLevel = bool
toggleBrake = bool
isBrake = bool

General Control for Rover

isBrake =1
toggleBrake =0

+

Command brake
actuators to engage

Mo longer time to
level, 5o
level = false

Motor Driving
Subroutine using
move, and turn

Brakes on?

isBrake = frue

Erakes off &
toggle brake?

Erakes on &
toggle brake?

1

End

I

Leveling
Subroutine

Send message
through XBee

1

Command brake
actuators to
disengage

isBrake =0
toggleBrake =0

ime to level’
level = true

Convert these values
and state information
into & message

1

Collect data from
GPS, IMU, &
Voltage Reading
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Scissor Jack
Leveling System
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Mechanical Systems Power Budget

Brushed DC Gear Motor Translational Motion Motor Brother
Electric Scissor Jack Leveling Mechanism Motor 2 1 12 12 Buffalo Tools
Linear Actuator Braking System Motor 2 0.167 2.00 12 Windy Nation
41.17 A 974.00 W
Accounting for 20% inefficiency 4940 A 1,152 W

Assumptions:

* Linear actuator runs for a total of 2 minutes for the duration of the mission
* Electric scissor jack runs for a total of 3 minutes for the duration of the mission
e Accounts for inefficiency when battery reaches below 20%
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RAattarvs ChAircro

12V Linear
Actuator

12V 55Ah
M

—-m- _Capability

Current 49.40 A / m 12V

/ Scissor
Power 1,168 W : ,320 W Jack
Batteries

Time 1 hr 1.1hr
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Sensors Power Budget

Total Current | Total Power
Draw (A) Draw (W)

Part Name Part Description Quantity

Voltage (V) Manufacturer

SparkFun IMU Breakout - MPU-9250 Inclination and Heading of the MR 1 0.00074 0.002442 3.3 Sparkfun

Immersion RC 5.8 GHz Audio/Video Transmitter Transmitter for MR Video Feed 2 0.1 1.2 12 ImmersionRC
XBee Pro S3B Transmitter for MR Data Transmission 1 0.026 0.0858 3.3 DigiKey International

FatShark 700TVL CMOS Camera Hazard Camera 2 0.12 0.6 5 FatShark

Arduino Mega 2560 R3 Microcontroller 1 0.040 0.48 12 Sparkfun

GPS Receiver: GP-20U7 GPS Receiver for GPS Location 1 0.040 0.132 3.3 Sparkfun

SparkFun Motor Driver - Dual TB6612FNG Linear Actuator Motor Driver 1 0.002 0.0066 3.3 Sparkfun
DC60-4Q Dual Motor Driver Translational Motors Motor Driver 2 0.080 1.92 24 Minarik Drives

10K Digital Potentiometer Variable Speed for Translational Motors 2 0.000002 0.000010 5 Sparkfun

0.409 A 443 W

Accounting for 20% inefficiency 0.491 A 531W

(O]
I
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Requirements and Test Breakdown

Functional Description Tests Involved in Verification
Requirement

FR1.0

FR2.0

FR3.0

FR4.0

FR5.0

The MR shall integrate with the attached landing platform such
that it is permanently fixed and securely carries the CD without
tipping while traversing the defined rough terrain

The MR shall receive commands from the GS at a rate of 5 Hz.
The MR shall transmit data to the GS at a rate of 30 HZ

The MR shall traverse 500 meters away from the GS to a
specified GPS location over rough terrain defined by varying
slopes and obstacles which require the MR to navigate over and
around them. The MR shall return to the GS after the mission is
complete.

The MR shall position itself for the CD to take-off and land safely
such that it is able to be secured by the MR's securement
mechanism

Check deformation after
distance test, obstacle test
and slope test.

Communications Test
Distance Test

Communications Test
Distance Test

Slope and Leveling Test
Maneuverability Test
Obstacle Test

Distance Test

GPS Test

Slope Test



Test Plan

Test in environment similar California hillside.
e Switzerland Trail

Weather unpredictable
* Need for outdoor and indoor options

Full mission simulation will be performed
* Subsystem/Other tests to verify design requirements

Model Verification Tests
* Tipping model/Center of Mass Verification
* Traction Model Verification
» Software/Camera Verification
e Structural Deformation Model.

FR and DR Verification Tests
* Communications Test
Distance Test
Slope Capability and Leveling Test
Obstacle Clearence Test

Maneuverability Test
GPS Test
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Structural Model Verification

e Before construction:
e take one of the beams to be used to support
the rover.

e Apply a load of known value on the beam
by placing a known mass on the beam while
the beam is stabilized.

e A strain gauge shall be used to measure the
strain experienced on the beam under the load.

* Use the model to predict the strain under
the load and compare to the strain
experienced.

* Measure the difference of the two strains
* Greater than or less than the predicted?

Strain gauge

Readout «—— *71
-2

N\

Load




Obstacle

Create 1in.
obstacles

¥

Flace a single 1in.
obstacle in brackets
b, -

¥

‘i T
Have rover attempt to
translate over the
obstacle

¥

Check for

Translational
successiul

From Requirements 4.6
Outside and inside test has similar procedure
e Qutdoor utilizes Switzerland Trail potentially with
apparatus or obstacles on site
* Indoor utilizes an apparatus that involves 90 degree
corner joints, a plywood board, and stacks of printer
paper and duct tape.
Height changed until max height of possible translation
found.

Add a single 1 in.

deformation

¥
s R

Record height of last
translational

b -
¥
s ~\
RECORD DATA AND
END TEST

N, v

Translational
failure or critical
deformation




Communications Test

* Requirement FR 2.0

‘Tosting location * Flowchart: Outdoor Test
h v q * Indoor
Start Rover e Limited to Verification
N ) * Create a shield of similar attenuation levels to the

Iﬁ

C Recow JIecouements " Rewd described forest environment.
Receei,:xgerllaql:é?"nrﬂnn;ﬁ T‘raegaecy fequirements| G move 5 m. Receei,:xgerlllaql:é?"nrﬁ"noﬁ?d ?ﬂﬁmcy * Ea rly indications 1.70 in. of concrete IIkEly
Send data frequenct further from rover Send data frequenct Measurements .
Run full command Suite Run full command Suite outside of candidate.
i It . . .
i e e Measure if communications can send data at
outside of Meale_Jre_ments .
requirements il required frequency.
&S move 5 m. closer * Measure over 1 hr and find success time vs failure
to the rover Measurements .
7 putside of time.
Record: requirements
S s re [recomo o v .
Send data frequenct J Measurements L END TEST J |nd00r Optlon
Run full command Suite within

requirements

Defined Forest

Outdoor Option

] ® Ground Station

188.1 m 61

Rover




Slope and Leveling Test

. ™y

Flace rover at base

of slope .
* From Requirements 4.5, 5.1, and 5.2.

e Qutside and inside test has similar procedure
Drive rover up slope * OQutdoor utilizes Switzerland Trail
. * Indoor utilizes ramp system shown. Constructed of
Engage breaking plywood sheet, 2x4 supports and dirt to model terrain.
mechanism + mark ‘[ Constructed at a 20 degree slope.

¥

L

wheel location
v lefru;:ltﬁlifeed * Tests slope, leveling accuracy, leveling time, and speed on

threshold braking mechanism.

b

i

Send leveling

command Continue Leveling

L -

. ™
End timer and
measure maovement %
of wheel

L -

¥

- ™y

If inside of
required
threshold

Drive down slope and
check speed

b
¥ v
- )
RECORD DATA AND
END TEST




ostacle

Create 1in.
obstacles

¥

Place a single 1 in.
obstacle in brackets

e, o

¥

.-" Ny
Have rover attempt to

franslate over the (=
obstacle

¥

Check for

Translational
successiul

deformation

Translational
failure or critical
deformation

Y

- "‘.

Fecord height of last
translational

L A
¥
- ™)
RECORD DATA AND
END TEST

L. A

Add a single 1 in.

obstacle

From Requirements 4.6
Outside and inside test has similar procedure
e Qutdoor utilizes Switzerland Trail potentially with
apparatus or obstacles on site
* Indoor utilizes an apparatus that involves 90 degree
corner joints, a plywood board, and stacks of printer
paper and duct tape.
Height changed until max height of possible translation
found.




Outdoor Testing Location — Switzerland Trail

* Accommodates all tests needed.
* No permission required. (Run by USFS)
* Challenging terrain still in scope
* Wide range of slopes .
* Measured slopes varied from 5 degrees to 24
degrees.
* Easily accessible
* Have back up outdoor locations given weather problems
and indoor plan given extensive weather restrictions
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Risks and Risk Mitigation
| Rsk

R1 Structural Deformation/Breakage of Drive Shaft
R2 Wheel Slippage

R3 Wheel Lock Failure

R4 Shearing/Shifting of connections to LP
R5 Leveling system control failure

R6 Instability of the leveling connections to MR
R7 Instability of the leveling connections to LP
R8 Communication signal loss

R9 Overheating of the Motor

R10 Motor Overloads

R11 Back Drive

R12 Short Circuit

R13 Battery dies during mission

R14 Overheated components



Pre-Mitigation Risk Matrix

Severity

Likelihood

R1

R2

Structural Deformation/Breakage of Drive
Shaft

Wheel Slippage

R4
R5
R6

R7

R8
R9

Shearing/Shifting of connections to LP
Leveling system control failure

Instability of the leveling connections to MR

Instability of the leveling connections to LP

Communication signal loss

Overheating of the Motor

R10 Motor Overloads

R14 Overheated components
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Post-Mitigation Matrix

Severity

©

o

o
—
U
V4
=

R1

R2

Structural Deformation/Breakage of Drive
Shaft

Wheel Slippage

R4
R5
R6

R7

R8
R9

Shearing/Shifting of connections to LP
Leveling system control failure

Instability of the leveling connections to MR

Instability of the leveling connections to LP

Communication signal loss

Overheating of the Motor

R10 Motor Overloads
R1L BackDrve
Ri2 shortCirewt
R13 Batterydiesduringmission

R14 Overheated components
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Organizational Chart

Customer: JPL
Barbara Streiffert

Systems Lead:
Syamimah Anwar
Deen

Project Manager:
Samantha Growley

Software:
Brandon Cott

Electrical:
Amber Bishop

Director:
Dr. Lawrence

Test:
Kelsey Owens

Manufacturing:
Pierce Lieberman

Advisor:
Dr. Jackson

Safety: CFO
Nur Abd Rashid Daniel Collins

Mechanical:
Matt Stoffle
Anthony Stanco

Modeling:
Nick Wiemelt
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Work Breakdown

Communications

Flowcharts
for Leveling,
Control, and

Steering

Develop Code
Prototypes

Spring Semester
Deliverables

Fall Semester
Deliverables

Integration and
Test

Leveling
System

Translational
System

Manufacturing
Status Review

Preliminary
Design

Preliminary
Design

Project

Test Planning
Definition Doc

Test Readiness
Review

Component
Selection

Secure Testing
Facilities

Component

Conceptual

Selection Design Doc

Spring Final
Review

Subsystem
Tests

Structural
EIVSE

Structural
Analysis

Preliminary
Design Review

Project Final
Report

Full System
Integration

Finalized
Drawings

Finalized
Drawings

Critical Design
Review

Manufacture Manufacture

Test Code
Prototypes
Code on Full System Fall Final
and Order and Order Microcontroller Testing Report
Parts Parts -
Components Components Tested Code AIAA Paper

Integration Integration 71

Senior Design
Symposium




Work Plan (Gantt Chart)

Order Motors and Shaft Extension 24days 12/14/2017 01/16/2018
Order Wheels and Wheel Flange 24days 12/14/2017 01/16/2018
! : ! | Order All Parts 24days?
Order Bearings, Sprockets, and Chains 24days 12/14/20017 01/16/2018 | . i
= | 2 . ] |  Begin Software for Leveling System 32days?
. s < } .
Order All Structural Components: Metal Sheets, Tubes/Bars, Drive £ ?4days ’1 2/14/2017 .0111 6/2018 " Begin Coding for Translational System 32days?
Integrate All Structural Components 31days 01/17/2018 02/28/2018 | Begin Coding Main 32days?
Integrate Other Critical Components: Motors, Sprockets, Bearings, [ 11days 03/01/2018 03/15/2018 Once Leveling System Constructed, Integrate Software and Test 22days?
Test Structural Capabilities - Verify FEM model 16days 03/16/2018

Once Translational System Constructed, Integrate Software and Tes
Set Up and Test All Commands from Ground Station
Once All Code Completed on Subsystem Level, Bug Testing

22days?
6days?
Sdays?

Test Torque and Traction Models - Can the Rover Translate? ?1 6days ;03/1 6/2018 b4/06/201 8

\
| |
04/06/2018

|

|
|

Order All Parts 24days? 12/14/2017 01/16/2018 Communications Testing (Accuracy of Messages, Any Improvement: ASdays?
Complete Leveling Software 32days?  01/16/2018 02/28/2018
Cut/Welding of Ball Joint Assembly 6days?  01/17/2018 01/24/2018 | Order All Parts 24days
Integration of Electronic Jack Controls 1idays?  02/06/2018 02/20/2018 A Wire GPS Receiver and Test Functionality iedays
Testing of Jack Controls tidays  02/21/2018 03/07/2018  Receive Al Parts 11days
Integration of Jack and Joint Assembly to LP 11days  03/05/2018 03/19/2018 | Wire IMU and Test Functionality Sdays
Testing and Verification of Leveling System - Subsystem 1idays  03/20/2018 04/03/2018 | Wire Transiational Motors and Motor Drivers and Test Functionality  15days
Integration of LP and Leveling System to Rover 11days  04/04/2018 04/18/2018 | Wire Linear Actuators and Motor Drivers and Test Functionality  15days
Final, Integrated Test of Leveling System Capabilities 6days  04/24/2018 05/01/2018 | Wire Scissor Jack Motors and Associated Components and Test Fur 6days

\ Wire Video Transmitters and Cameras and Test Functionality 7days

‘ Begin Integration of All Components .1 9days

|

Ct;nstmd. Test, and Time the Battery Depletion '1Bda§s

12/14/2017
01/16/2018
01162018
01/16/2018
03/01/2018
03/01/2018
04/02/2018
04/10/2018
04/17/2018

12/14/2017
01/16/2018
01/16/2018
01/30/2018
01/30/2018
01/30/2018
02/19/2018
02/26/2018
03/07/2018
04/03/2018

01/16/2018
02/28/2018
02/28/2018
02/28/2018
03/30/2018
03/30/2018
04/09/2018
04/16/2018
04/24/2018

01/16/2018
01/23/2018
01/30/2018
02/05/2018
02/19/2018
02/19/2018
02/26/2018
03/06/2018
04/02/2018
04/24/2018



Work Plan Continued

Order All Parts

Map Out Manufacturing Plan for Each Subsystem

Begin Machining and Fabricating in House Parts and Attachments
Begin Manufacturing of Systems As Per Mapped in Plan

Pass Manufactured Systems to Testing

Integration of Verified Systems

Finalize Dates/Weather/Locations of Testing Facilities
Communications Test

GPS Test

Slope and Leveling Test

Obstacle Test

Distance Test

Last Day of Classes Spring 2018

24days
28days
50days
50days
6days

12days

11days
6days
6days
6days
6days
6days
1day?

12/14/2017
12/14/2017
01/23/2018
01/23/2018
04/03/2018
04/11/2018

04/02/2018
04/16/2018
04/16/2018
04/24/2018
04/24/2018
04/24/2018

105/09/2018

01/16/2018
01/22/2018
04/02/2018
04/02/2018
04/10/2018
04/26/2018

04/16/2018
04/23/2018
04/23/2018
05/01/2018
05/01/2018
05/01/2018

05/09/2018

44,
44,
45,46,
47,

51,
51,
51,
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art: Translational and Level;

ng Syste

Order Métors and Shaft Extensnon
Order wﬁeels and Wheel Flané;e
Order Bnrmgs. Sprockets, and Chains

Cut/Weldmg of Ball Jomt Assembly

Test Structural

Complete Leveling Sthware

lntegratnon of Electronic Jack Controls
Testing of Ja .COntrols

Order AIE Structural COmponems Metal Sheets, Tub&/Bars, Drive Shafts, Nuts/Bolts/Screws
- Integrate Al Structutal Components

lmegrgtlon of Jack and Joint Assembly to LP

lntegrétion of LP and Leveling

ification of Leveling System - Subsystem

System to Rover

Final, Integrated Test of Leveling System Gapabilities

Other Critical Compongents: Motors, Sprocket§. Bearings, Drive Shafts, Chains, Wheels
Capabilities - Verify FE@M model

Test Torque ang Traction Models - Cafs the Rover Translate?

December 2017 January 2018 February 2018 March 2018 April 2018 May 2018 June 2018 July 2018
6(13|20(27| 3 (10|17 (24|31 | 7 (14|21 (28| 7 |14(21|28( 4 |11 |18(25| 2 (9 |16(23|30| 6 |(13|20(27| 4 |11 |18| 25
| First Dayé of Spring Semester ?0]8
(R S S S S Transiational System




Gantt Chart: Communications/Software & Electronics

December 2017
29| 6

January 2018
13| 20 2? 3 [10

February 2018 March 2018
1724 |31 | 7 | 1421 28| 7 |14 20
First Da\g of Spring Semester 201 8
— Translational §
_ Leveling System

April 2018
28 4 |11

May 2018
18| 25| 2 | 9

stem

16 | 23| 30| 6

June 2018

Communications/Software

I Order

Begin Software for Leveling System

Begin Coding for Translational System
I Y (Begin Coding Main

Once Leveling System Constructed, Integra

Set Up and Test All Commands from

Once Al

| December 2017
29| 6

January 2018

13 20 27 3 |10|17 | 24 | 31

e Software and Test
Onece Translational System Constructed, Integrate Software and Ti
Ground Station

Code Completed on Sgbsystem Level, Bug Ti
Communications Testing_f (Accuracy of Messag
February 2018

7 (14| 21
First Day of Spring Semester 201 8

13 (20| 27| 4

July 2018

11|18 25

sting

s, Any Improvements?

March 2018
28 | 7

14 | 21

28 4

April 2018
11

18(25( 2 | 9

May 2018
16 | 23

— Translational System

Cé¢

Leveling System

T ciectronics

IS Order Al Parts

— Wirfe GPS Receiver and T
_ Receive All Parts

[est Functionality

- Wire Scissor Jack Mot

est Functionality

Translational Motors and Motor Drivers and

Linear Actuators and K

Wire Video Tran

» M- Begin integration ¢
@ C¢

viotor Drivers and Test

smitters and Cameras

ors and Associated Cg

Test Functionality
Functionality
mponents and Test Fu
and Test Functionality

>f All Components

Hymmunications/Software

onstruct, Test, and Timé

June 2018
30 6 | 13| 20 | 27

nctionality

» the Battery Depletion
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Gantt Chart: Manufacturing

December 2017 January 2018 February 2018 March 2018 April 2018 May 2018 June 2018
29| 6 (132027 3 (10|07 |24 [ 31| 7 (14|21 28| 7 (1421 28| 4 |11 | 1B| 25| 2 | 9 |16 |23 30| & |13 | 20 | =
First [}ayé of Spring Semester ;.?D'I ]

Translational System

Leveling System

Communications/Software

Electronics

IR Order Al Parts

Map Out Manufacturing Ifr“lan for Each Subsysteé‘n

Begin Machining and Fabricating in House Parts and Attachmen
Beqin Manufacturing of Systems As Per KMapped in Plan
Pass Manufactured Systems to Testing

Integration of Verified Systems

B Finalize Dates/Weather/Locations of Testing Facilitie
Commmunications Test

5 Test

Slope and Leveling Test
Obstacle Test
Distance Test

Last Day of Ckasses Spring 2018




Cost Plan (Financial Budget)

Total Cost from S5k Budget

o Projected Total Amount:
’ B Administative: $150 $4,516.83

Communications: $225.94

Budget Busters

Electronics: 5438 e Electronics
e 2 12VDC Batteries: $198.00
M Leveling: $256.48 e Translational

° Motors: S1,05210

B Shipping: $241.95 « Motor Drivers: $439.60

_ *  Wheels & Tires: $303.35

M Testing: $100 « Al 6061 Plates: $255.01

62% | *  Wheel Sprockets: $222.56

Translational: $3104.46 e Bracket Connections:  $210.60

Remaining: $483.17
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Cost Plan (Savings)

PDR AdeStment Savings Educational Discounts
* Motors
* Orig. Price: $1,421.00

* Cameras *  Rocker Bogie Differential * Disc. Price: $1,052.10

* PDR Price: $298.00 * PDRPrice: $225.00 e Savings:  $368.90

 CDRPrice: $47.72 . P

'k CDR Price: $0.00 «  Motor Drivers

* Savings:  $250.28 e Savings:  $225.00 - Orig. Price: $675.00
* Structural Metal Bars *  Battery (250m vs. 500m) *  Disc. Price: $439.60

° PDR Price: $214.50 e 500m Price: $420.00 e Savings:  $235.40

* CDRPrice: $144.11 *  250m Price: $220.00

* Savings:  $70.39 « Savings:  $200.00

e 5.8GHz & 900GHz Antennas
* PDR Price: $104.98
« CDRPrice: $33.82
e Savings: $71.16

Total Savings: $1421.13
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Conclusion

* Mother Rover will secure, carry, and level the Child Drone to a desired GPS
location

* Fixed-Chassis Translational System will allow Mother Rover to traverse:
e Defined rough terrain — lawn grass, small gravel, and fine dirt
* 5in obstacle -|.
e 20 degree slope

* Leveling Jacks will allow Landing Platform to be leveled within 3.5°
e Allows for autonomous takeoff and landing of CD

e Electronics and Communications allow for:
* Power distribution to all critical components
e Communication from Mother Rover to Ground Station-navigation, video, etc.

e Communication from Ground Station to Mother Rover- translational motion,
leveling, etc.




Thank youl!




DR & S: Translational System

DR & S: Leveling System
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CONOPS Animation




MR arrives at location of
interest and is deployed to
the ground.

//9\\ //

-/

MR loaded onto trailer
and transported to
location of interest.

MR establishes
communication with GS




MR traverse around obstacles up to 5” tall

MR speed :
O0m/s—0.5m/s




MR maneuver around obstacles greater
than 5”




Translational Subsystem



Wheel Locking Mechanism

* Housing
* Material: Al 6061 — % inch thick
* Bolted to top of MR, corners welded

* Linear Actuators
* Windy Nation LIN-ACT1-02

e 2-inch stroke
e Rated load up to 225 Ibs (900 N)

* Brake Pad

e Materials:
e Al 6061 — % inch thick
* Neoprene Rubber 60A — % inch thick




Wheel Locking: Model

Rgp = the length of the linear actuator
R =radius of the wheel

R,,s is found using triangle equation
Fg = Braking force needed

Assumptions:
e Mass of the rover the treated as a single point
* q«issetat the highest inclination = 20°



Wheel Locking: Equations

r, = Fp + ffriction — Mgsin(a)
XM, =1+ ffriction — Fgsin(0) - R,

Set equation 2 = 0 and solve for N
e 7= Mgsin(a)-R
Y ffriction = uUN

Fgsin(0):R;—Mgsin(a)-R
UR

oN:




* Substitute equation 3 into 1 and solve for Fg by setting it to O

s 2MgRsin(a)
57 R+ (R, -sin(0))

Parameters :
M =180 kg R, =0.2604 m a =20°
R =0.2286m 0 =37.97°

Fg. . =71023N




Wheel Lock: Bending Moment & Deflection

F
11.75 in :
| 2"d Order Method Equations :
e M,(x) =—Fx where EIl,,v'"'(x) = M,(x)
_ 3
c v(x) = 6ELIL (x3 — 3L%x + 2L3)
bh® -9 .4
¢ I,; =2 =4.0648 X 10°m
L=7.75in )
| |
Parameters Inserting Parameters :
L=7.75in =0.19685m h=.25in=0.00635m
b = 7.5in = 0.1905 m F = mg sin(20) = 302N * Mz, = —(301N)(.19685m) = 59.25Nm
A _ 3
E = 68.9 GPa ¢ Vyp = ——((L)—3L2(L) + 2I7) = —2.73mm




~ Wheel Locking Model: Weld Analysis

Joint 1: Butt & Fillet Welds

_ My _ _ __bh® —9._ 4
o =22 where M = 5925 N, y = 0.003175m, I, = 2> = 4.06 X 10~m

c 12
e For welds, can assume 75% of material Tensile Strength

* Al 6061 Yield Tensile Strength = 276 MPa — .75(276) = 207MPa

207 MPa W
46.5 MPa

o, = 46.5MPa — FOS =

Joint 2: Double Fillet Weld

My bh3 —9__ 4
o, =22 where M = 59.25N, y = 0.003175m, I, = 2= = 4.06 x 10~°m
I, 12
o, =-—— where F = 302N, A, = bh = 0.001169 m?

* For welds, can assume 75% of material Tensile Strength
* Al 6061 Yield Tensile Strength = 276 MPa — .75(276) = 207MPa

o, = 46.5 MPa & o, = 258.3 kPa

FOS = 207 e S
~ 46.5MPa + 258.3kPa
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Motor RPM Calculation for Turning in Radius

| RIGHT TURN |

R

=

RPM | =

RPM , =

2w (R+W)
tr

wheel

X 2n(R) 27
trwheel 60

_TRPM-R 60

In 2T
_T:RPM-L 60
Im 21

W, Twheel

Wg Twheel

21T
60

| LEFT TURN |

VR<"'~.

_2m(R+W) A
VR ; t = Wg Twheel
_ 2w (R) 1
VL u t = W Twheel
2w (R+W) 21
RPM , = 2R
t rwheel 60
2w (R 2T
RPM | = 2ZLR) 27
t rwheel 60

_T-RPM-R 60
. = 2

In 21
_ T-RPM-L 60

L I 27




Finite Element Analysis — Top Sheet

Assumptions Parameters
* Force is applied at the contact points of the * Weight of the landing platform/child drone
two scissor jacks and the forward point create distributed load in a static state
* Force is equally distributed over the surfaces * Load over each surface is 20 |bf
* Force is normal to the top surface of the sheet * Material: 6061 Aluminum

* Holes are fixed geometries y



Finite Element Analysis — Worst Case Scenarios

Assumptions

Force is applied over one contact point
Force is equally distributed over the surface
Force is normal to the top surface of the sheet

Parameters

Weight of the landing platform/child drone

create distributed load in a static state

Load over the surface is 60 Ibf

Material: 6061 Aluminum

Holes are fixed geometries 97



Stress Contours

Results
 Maximum stress occurs
at the front bolt hole

* Maximum stress:

2.777E7~
m
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Stress Contours — Scenario 1

4088 ¢+ 000

=
- j
B 2

88888888888

Scenario 1
All of the weight of the
landing platform and child
drone is applied at the
forward pivot point

Results
* Maximum stress occurs
at the front bolt hole
* Maximum stress:

8.01E7—
m




Stress Contours — Scenario 2

von Mises N/m#2) Scenario 2
- All of the weight of the
| 5.251e+Q07 . -
[ landing platform and child
o drone is applied at one of
_ 3.819e+007 i i
e the scissor jacks
_ 23864e+007
. 2.387e+0Q07
_ 1.910e+Q07
- Results
l 4774e+006 * Maximum stress occurs at the
2.286e+002

back left bolt hole
* Maximum stress: 5.729E7 %

—Yield strength: 2.750e+008




Deflection Contours

URES (mm)
9,527 e-001
9,008 e-001
_ 8,189e-001
- 7.370e-001
_ 6.551e-001
_ 5.732e-001
. 4.913e-001
_ 4.0%e-001
_ 3.276e-001
_ 2,457e-001
=~ 1.635e-001
8.189e-002

1.000e-030

Results
Maximum deflection
occurs in the center 20"
from the back side of
the rover
Maximum deflection:
0.9827 mm
Adding support bars will
mitigate this deflection




Deflection Contours — Scenario 1

Results
Maximum deflection
occurs in the center 21"
from the back side of
the rover
Maximum deflection:
2.65 mm




Deflection Contours — Scenario 2

URES () Results
- . « Maximum deflection
 aszse.0on occurs 8" from the left
82:2 side of the rover and 7"
| e from the back side of
_ 5.956e-001 h
[ the rover
L e Maximum deflection:
p Aoment 1.191 mm
1,565 e-001

I 9,926e-002
1.000e-030




Traction Analysis: 5 Inch Obstacle

100!('\;0331' Wheels: Traction Model For Determining Iif Wheel Slippage Will Occur (Y axis must be positive) Front Wheels: Traction Model For Determining If Wheel Slippage Will Occur (Y axis must be positive)
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Coefficient of Friction Coefficient of Friction

Assuming the angle seen between the contact point of the wheel and the ground and obstacle can be seen as a constant
slope ramp. This slope may be too steep for the wheel to surpass itself. The other wheel may have excessive potential
traction force the ground can provide to the wheel, which it can utilize and translate it into a force into the wheel
needing to get up the obstacle as additional normal force and frictional force, therefore providing additional effective
traction.



Traction Model For Determining if Wheel Slippage Will Occur (Y axis must be positive)

Coefficient of Friction
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Electronics Subsystem




AD5171 Digital Pot. & DC60 —4Q Motor Driver

Arduino Mega Digital Potentiometer Motor Driver Motor

Specifications:

* Motor Input Voltage & Current = 24V and 60A max (30A constant)

* Motor Driver Current Draw =40 mA

* Motor driver requires 5V logic through the Arduino Mega /0 pins via an
NPN transistor

 10KQ digital potentiometer for variable speed control utilizing 12C through
Arduino Mega which requires +5V supplied by Arduino Mega




Sparkfun Motor Driver — Dual TB6612FNG (1A)

Arduino Mega

Motor Driver Linear Actuator

v

Specifications:

* Motor Driver Input Voltage = 3.3V

* Motor Driver Output Current = 1.2A constant (3.2A Peak)

e VM = motor voltage = 12V

* Pulse Width Modulated DC Signal & Input Logic supplied by digital
|/O pins on Arduino Mega

i

™ PWMA —

A0t STBY ——

DIO Pins on Arduine Mega

GND GND —

ol ] \ .
\ /
s 4 ),




Scissor Jack System

48V DIO Pins on Arduino Mega Specifications:
* For each scissor jack motor, two
L 12V Relay relay switches are wired
| Logic W together to provide positive or
| R negative 12V DC to control the
i e | movement of the scissor jack
@om iy (up or down)

12V Relay T e 5V IOgiC from the dlgltal |/O
| Logic w pins of the Arduino Mega

I _ control the relays




Sparkfun IMU Breakout

Schematic:

33V ————VDD
GND

Specifications: ~ MISO —— SDO
* |Input Voltage = 2.4 — 3.6V — going to supply 3.3V MOSI ———— SDA
» Current Draw = 740 pA from Accelerometer & Magnetometer Only SCK — —ScL
* 3-Axis Magnhetometer S§ —— —¢b
e 3-Axis Accelerometer Lo e
* 3-Axis Gyroscope Z:LS_IY NC
* Internal 16-bit ADC -VDDIO
* Accelerometer Full-Scale Range = + 2g
* Magnetometer Full-Scale Range = +4800 pT
e Utilizes 12C or SPI — going to use SPI
e Accelerometer Resolution:




GPS

3.3V vVCC

RX X
GND

Specifications:

40 mA at 3.3V (max)

* 2.5 m positional accuracy

* 56 channel GPS module

* Onboard antenna

* -162 dBm tracking sensitivity

* NMEA-0183 & Ublox 7 Protocol
 Coldstart: 29 s

* Velocity 0.1 m/s
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Hazard Camera & Video Transmitter

Schematic:

Video Transmitter

— GND
%77 BATT
cAUDR
+12V —— | -AUDL
VID
GND

— SV OUT

Specifications:
e FatShark 700TVL CMOS FPV Camera sv

* |mmersion RC Audio / Video Transmitter GND
* Transmitter Input Voltage = 7 — 25V, 12V will be supplied uLL

* Transmitter Output Current & Voltage = 300 mA at 5V
e Camera Input Current & Voltage = 60 mA at 5V Camera
* Camera FOV =726 (H) x 582 (W)




Xbee Pro S3B

Specifications:

* Input Voltage & Current Draw = 26 mA at 3.3V
e Data Rate = 20 kbps

* Frequency =900 kHz

e Power Output =24 dBm

* Communication with Arduino Mega via TX/RX

Schematic:

3.3V vCC o

RX DI o

TX DO 1 DO2/CTS/RS-485
cDO3/RX LED -ON/SLEEP
oReset oVREF
= Config s TX / PWR
o oDI2 /RTS / CMD
=DI3 / SLEEP

GND




Battery
Monitoring
System
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Battery Monitoring System

Schematic:
.| V3 ‘
=N ~ R1
= 1M
12V
s A2
V5
= ~ R2
— 1K
12V l
" GND

Purpose: To monitor the current voltage of the
translational power system in order to reduce risk of
running out of power and not being able to retrieve the
mother rover

Specifications:
* Simple voltage divider circuit necessary to send
voltage that is 5V or below to the Arduino Mega
e 10-bit ADC converts the voltage to a digital value and
the value can be used to calculate the voltage using
the following formula
. (R1 + Ry)Voue
n — R2
1 MQ resistor used to reduce the current flow so less
power is wasted in the circuit




Leveling Subsystem




Connections of Components

Ball Joint Linkage
e Ly wn
O O

T-Slotted Framing Bar

Ball joint is welded to a plate
atop a section of T-slotted
framing. The ball joint is mounted
directly into the square tubing of
the LP base.

Top view of rover with connections to the LP
circled in red

Raised forward pivot point
about which the jacks will

rotate the LP
117



Connections of Components

| s
i

O

Threaded Rod

Coupling Nut

e e— Ball Joint

Scissor Jack

Ball joint is welded directly
to the top of the scissor
jacks. The couple nut is
threaded to the base of the
ball joint thread, and the
threaded rod into the
remainder of the nut. The

: threaded rod is mounted
Ball joint assembly attached to the into the square tubing of the
leveling jacks. Coupling nut and threaded LP base.

rod provide necessary x; distance and a

means of connecting to the LP

Top view of rover with connections to the LP
circled in red



Determination of Assembly Size

* As the platform levels, the bolt assembly and LP
support bar must remain perpendicular

* For this to happen, the assembly must extend past
the pivot point

* The length of this extension x; is determined through
the maximum leveling angle © and the associated
translational distance d,; between the contact point
at the jack and the LP

d =21.9285in ® = 20 degrees

. d
"~ cos®

ddif = d’ —d =1.4073 in

d’ = 23.3358 in

__dgif .
Xj = o= 3.8666 in




Component Strength of Attachments to LP

With only three connection points to the LP, Shear Rating | Safety Factor

the ball joint bli ill b bjected
e ball joint assemblies will be subjecte 7/16"-20 Bolts 55,000 psi 24
to large shear stresses.

Coupling Nut 120,000 psi 54.3
Assumptions:

* Rover travelling initially at 0.5 m/s Ball Joints 1,150 Ib. 3.5
 Decelerationin0.1s
* Entire weight of rover applied to single

attachment
Results:

Components integrating the LP and rover are
sufficiently strong to mitigate concerns about shearing
at connections in event of sudden deceleration.

Parameters:
e Shear force on bolts at ball joints and LP
connection of 332.1 Ibf

* Area of 7/16" diameter bolt is 0.15033 in?
» Shear stress on bolts of 2209.138 psi



Replacement of T-slotted Framing on LP

7/16

With only three points of contact, a strong connection
between the LP and the leveling jacks is required.

Underside of LP

Gold bars represent bars that
will be changed from T-slotted
framing to square tubing.

The red bar is square tubing
that will be added to the LP
frame

inch

|

Currently used — T-slotted
Aluminum Framing:
7/16" bolts drilled through
compromises structural
integrity

1inch

Solution - 1/8" thick
1/8 inch Aluminum 6061
Square Tubing to
reduce damage
caused by drilling

1inch



Protection of Screw From Particulates

The rover will move only with the jacks at their minimum
height. When collapsed, the jacks encapsulate the screw,

protecting it from dust and other particulates that could
adversely affect performance.
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Tilting Analysis — Other Cases

Vertical Dimensions (in)

Center of Mass Locations for Hill Translation
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Communication Subsystem



Ground Station for Controls

e XBee sends commands to the
rover

e Commands are a combination
of input from ground station
computer and joystick

e All other commands and video
transmission are taken care of
by ground stations created by
previous teams




Communications Feasibility

Baseline Design
o Existing Lines
o CD Video Feed
o CD Commands
o New Lines

o MR Video Feed
o MR Commands
o MR Data

CD Vigeo Feed 8t 58 GHz

'

|

g W
! B o
: CD Commands at 900 MMz %

~n

| - |Rx CD
I

: MR Video Feed o1 5.8 GHz

B R A R R e TR e R T o S e e o e o o e o s 2o 1) |

|

. S MR Commands at 900 MHz .

N0 - SIP 1c—dhis aom o oty It s b b e 3204 oo b b D N

) ! ’ '

o ' 1

! MR Data st 500 MHz '

1! L '

¢ ! | |

' ! ! '

! ' : '

0 ! | |

¢ ! | ]

g ! [ 1

! ' '

! ’ v |
Yy L Y |
b ) () W &

— 1

R Te TaRs TwiRx T

GS MR

Assumptions

o The CD is high enough so that signal loss through the
trees is minimal

o The MR signal is travelling partially through open
space, and partially through trees

20m 161.2deg 5.35deg 44.6 m
40 m 139.7deg 11.2deg 89.1m
¢ = 180 —sin™* () 6 = cos™! (22%) B » J'.fsj:"co
¢ = /a2 + b% — 2ab cos(¢) d = csin(8) —h o
P / d
C,///‘ a=200m
- <3 h
taf” /'X’
R, E——— |
Gs 438.10 m

b=500m




Results from Link Budget

CD Video Feed Downlink 35.24 dB Antenna - S25
MR Video Feed Downlink 38.16 dB Antenna - S25
MR Command Uplink 58.65 dB XBee Pro S3B - $45
Antenna - S15
MR Data Downlink 60.65 dB XBee Pro S3B - S45

Antenna - S15

* Signall due to 61.9 ft :32.16 dB
faa oss due to R rees Nonzero Gradient Model from Radio Science

Vol. 38 Iss. 5

o Using experimentally created models, loss due to
foliage estimated to be —163.43 dB (averaged between
models for similar frequencies) for 500m, not including

path loss 127
127

_{:R.;.—R;,;.::l
Leras =Rmd+k(1—e . )


https://www.immersionrc.com/fpv-products/spironet-5-8ghz-8dbi-patch-antenna/
https://hobbyking.com/en_us/immersionrc-5-8ghz-audio-video-transmitter-fatshark-compatible-600mw.html?___store=en_us
http://www.semiconductorstore.com/cart/pc/viewPrd.asp?idproduct=63741&utm_source=GoogleShopping&utm_medium=cpc&utm_content=Digi International&utm_campaign=XBP9B-XCST-002&gclid=EAIaIQobChMI_tjRjNzp1gIVQ369Ch0k_wssEAkYASABEgIhhfD_BwE
http://www.vfmstore.com/ant0906.html
http://www.semiconductorstore.com/cart/pc/viewPrd.asp?idproduct=63741&utm_source=GoogleShopping&utm_medium=cpc&utm_content=Digi International&utm_campaign=XBP9B-XCST-002&gclid=EAIaIQobChMI_tjRjNzp1gIVQ369Ch0k_wssEAkYASABEgIhhfD_BwE
http://www.vfmstore.com/ant0906.html
http://onlinelibrary.wiley.com/doi/10.1029/2002RS002758/full

What Is Feasible?

Possible Forest Distance?

o Link budget for 5.8 GHz at
500m produces link margin of
38.16 dB

o Radio Science's model, using
link margin, and constant
values for 2 GHz and 11.6 GHz,
shows forest range can be from
62.3mto 86.9m

Ll e il L Y S—p—

5.8 GHz Band Limiting Factor

o Trees will produce a signal loss
of —163.42 dB, not including
free space loss.

o Free space loss of —163.43 dB
occurs at range of 610.9 km,
meaning a system would have
to be found with an effective
range of 610.9 km

Equation for free
space loss:

A
L; = 20 10g(4 R)
1

Improvements?

o Antenna array to increase gain
o surpasses the budget restrictions
o takes far too long to construct

o Higher power version of current
system
o Increases gain by 60+ dB
o Pricing much higher than budget







R1 : Structural Deformation/Breakage of Drive shaft

* Description:
4 drive shafts will be used to hold the entire structure and drive the entire structure. If these were
to break, they could cause complete failure of the project as the system will not be able to drive.

Likelihood : 2 Severity : 5 Total :| 10

e Mitigation(s) :
1. A larger drive shaft preferably between 0.75”-1.0” is used

Likelihood : 1 Severity : 5 Total:| 5




R2 : Wheel Slippage

* Description:
The rover is required to drive over surfaces with loose gravel and steep inclines where slippage
may occur and may act as an obstacle to the mission's success.

Likelihood : 5 Severity : 1 Total:| 5

e Mitigation(s):
1. Using larger diameter wheels in order to traverse over small obstacles easily
2. Use wheels with deep treads in order to penetrate soft surfaces
3. Find a different route if path is too slippery

Likelihood : 4 Severity : 1 Total:| 4




R3 : Wheel Lock Failure

* Description :
The motors used for the rover system have a "locking" mechanism to hold the wheels in place when no
power is supplied, but vibrations can free the motors and the wheels will roll with no way of stopping
especially on a slope.

Likelihood : 4 Severity : 5 Total :-

e Mitigation(s) :

1. The front wheels will have linear actuators pressed against the front tires to hold the wheels in place so that they cannot rotate.

Likelihood : 2 Severity : 5 Total: 10



R4 : Shearing or shifting of connection to LP

* Description :
Shifting or deformation of connections to LP, either through bending of joint assemblies or
connection itself.

Likelihood : 3 Severity : 4 Total : | 12

e Mitigation(s):
1. Replacing T-bars on LP with Square aluminum tubing of 1/8" to drill and screw through
2. Ball joints of much higher strength than needed, rated for 1150 Ib

Likelihood : 1 Severity : 3 Total : -



RS : Control Failure for leveling

* Description:
Software, electrical, or instrumentational error leading to an inability to properly level the LP.

Likelihood : 2 Severity : 3 Total:| 6

e Mitigation(s):
1. Writing safeguards into code to prevent over extension or retraction of jacks
2. Set limits on what inclination leveling system can activate in

Likelihood : 2 Severity : 2 Total:| 4




R6 : Instability of connection to MR

* Description :
Wobbling of jacks or shearing of connections to platform.

Likelihood : 3 Severity : 3 Total:| 9

e Mitigation(s):
1. Jacks are mounted around structural strong points
2. Use additional and oversized bolts tightly fastened to prevent movement

Likelihood : 1 Severity : 2 Total :-



R7 : Instability of connections to LP

* Description :
Tilting or shifting or inaccuracy of leveling due to instability of joint assemblies.

Likelihood : 4 Severity : 3 Total :| 12

e Mitigation(s):

1. Three contact points with ball joints prevent rotation or tilting without the shearing of the connections

Likelihood : 1 Severity : 2 Total :-



R8: Communication Signal Loss

* Description:
Messages are interrupted or misinterpreted during transmission or do not arrive at all to the MR.

Likelihood : 3 Severity : 4 Total ;| 12

e Mitigation(s):

Likelihood : 2 Severity : 3 Total: 6




R9 : Overheating of the Motor

* Description :
The DC motors used produce a lot of heat and cause the system to overheat and eventually could
lead to the internal system of the motor to melt.

Likelihood : 2 Severity : 4 Total| 8

e Mitigation(s):

1. Leave sides of the rover body open on all sides to allow the heat from the motors to self regulate

Likelihood : 1 Severity : 3 Total -



R10 : Motor Overloads

* Description:
Too much of power sent to the motor can cause the motor to overload thus destroying the
internal systems.

Likelihood : 3 Severity : 4 Total ;| 12

e Mitigation(s):

1. Use motor driver that will regulate the amount of current sent to the motor

Likelihood : 2 Severity : 2 Total:| 4




R11 : Back Drive

* Description :
If the motor spins when power is not applied, the motor turns into a generator and sends current
backwards into the system.

Likelihood : 5 Severity : 4 Total :-

e Mitigation(s):

1. Use motor driver to send back the power to the batteries during back drive

Likelihood : 2 Severity : 3 Total: 6




R12 :Short Circuit

* Description :
Wires to come apart and connect in inappropriate and unexpected places causing current
to be supplied in incorrect places or directions

Likelihood : 5 Severity : 4 Total :-

e Mitigation(s) :
1. Ensure that all connections are seal and shrink tubing is utilized.
2. Ensure that all wire routes do not pose risk of cutting the wire by covering the structure in rubber where the wires
will contact the structure.
3. Ensure there is no wires being smashed by the motion of the scissor jack.

Likelihood : 2 Severity : 4 Total:| 8




R13 : Battery ran out

* Description:
If the components draw more amps during the mission than calculated, the battery may be drawn
dead and no power will be supplied to the system

Likelihood : 3 Severity : 5 Total ;| 15

e Mitigation(s):

1. Constantly monitor the battery power of the system and relay that information back to the ground station.

Likelihood : 3 Severity : 3 Total: 9




R14 : Overheated components

* Description:
Components such as motors and linear actuators may overheat when they draw an excessive
amount of current for a long period of time, due to a large load placed on the component

Likelihood : 3 Severity : 3 Total:| 9

e Mitigation(s):
1. Consult data sheet of component for limits on the maximum amount of time that the device may draw the
maximum amount of current

Likelihood : 2 Severity : 3 Total: 6




Testing




Tipping/Center of Mass Model

e Slowly move the rover up a 20 degree hill verify no
tipping.
* Move the rover onto a 5 inch obstacle on the hill.

 Have team members with hands on the rover
ready to apply a small force back toward the hill if
tipping begins as only small restoring force needed
to stop tip at beginning of tipping motion.

 Have team members on edges and some
cushioning in the center so in case tipping cannot
be stopped team members can effectively move
and have the rover fall onto the cushioning.

e \erify that the 5 inch obstacles and 20 degree
slope will indeed not cause a tip.



neuverability Test Plan




Maneuverability Animation Example

X

10 ft




Distance

 Comes from Requirements 4.2
e OQutside and inside test has similar procedure
e Qutdoor utilizes XX
* Indoor utilizes some indoor area capable of fitting the rover.
Hallways in the engineering center are a potential option
and essentially any indoor area wide enough to fit the rover
could work.
* Many data points taken such as speed, camera quality, signal to
noise ratio (potentially dependent on indoor location), frequency
of signals.

If battery failure
or other failure

148



GPS Test

e Comes from Requirements 3.1

* Inside test unlikely due to GPS restriction.

* Involves finding GPS locations and comparing with the rover's GPS
reading. Multiple points measured.

* Likely involve looking up precise locations using the internet and then
comparing to GPS of the rover.

* Needs to be within 5m, but accuracy for many points measured to
more accurately describe the accuracy of the system.

149



Software Verification

* Open the software and verify that the cameras are operational and
interfacing with the software.

* Go through the control scheme of the rover and verify that each of
the commands that can be sent are received and has the proper
response.

* Find source of any error in command if they occur, and find a fix.
* Begin Test again.



Finance




slational - $3,104.46

Part Name
TracGard N766 TURF Bias Tire 18X9.50-8 B/4 Ply
DWT .125 Aluminum Blue Label Wheel
LIN-ACT1-02

1370N16

ucm-u. 3/4" 2-Bolt Pillow Block
6261K175
1497K103

Aluminum 6081 plate
Aluminum 6061 plate, brake housing
91274A244

SHIPPING FROM MCMASTER

GQB3-0045-RSB2S-WDE3B and GQ63-0045-.SB2S-WDE3B

'~ Description |~ | Manufacturer
‘Tires for translation, 18 x 8.50 - 8 | From Walmart
‘Wheels for translation, 8x8 ‘motosport
‘Wheel lock linear actuator, free shipping, comes with 2 & mount bearings Windynation
'Rubber pad for wheel lock ‘mcmaster-carr
gearmotors ‘Bison Gear & Engineering
‘Motor drivers 'Minarik Drives
motor sprockets -mcmaster-carm
wheel sprockets ‘mcmaster-carr
mount bearings Intech bearing inc
chains -memaster-carr
keyed shaft ‘memaster-carr
44' of T-slotted bars ‘mcmaster-carr
T-slotted framing, single rail, silver 1°x1", solid,  ft long ‘memaster-carr
Brackets for connecting the T-slotted bars -mecmaster-carr
36x36 0.25", could go away with scraps ‘midwest
24x12, 025", ‘midwest
‘Boits for reducer, pack of 25 ‘memaster-carr
'Bolts for motor, pack of 25 -mcmaster-carr
Bolts for motor, pack of 4 ‘mcmaster-camr
Nuts for Reducer, pack of 100 ‘mcmaster-carr
Nuts for motor /mcmaster-cam
'MCMASTER ‘mcmaster-cam

$19.81

$55.64

$13.58
$17.94
$75.70
$31.59
$17.75

$5.85
$99.69

$55.63

$8.14

$8.63
$271
$4.84
$193
$0.00
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0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

v/Cost  + Quantity ~ Discount v Shipping |+ Total Cost
$20.83
$48.99
$87.99
$9.83
$526.05
$219.80

$0.00
$0.00
$0.00
$0.00
$0.00
$15.75
$0.00
$0.00
$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$57.66
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$119.32
$195.96
$87.99
$9.83
$1,052.10
$439.60
$79.24
$222.56
$108.64
$71.76
$75.70
$126.36
$17.75
$210.60
$199.38
$55.63
$8.14
$8.63
$2.71



Leveling - $260.88

| Part Name

EJ212 Automatic Jack

9B957A148
60645K251
92327A288
90977A190
84758A645
B546K21
80473A031

« | Description
Scissor Jack, 5x17x9
Threaded rod for extending ball joint, as needed 7/16-20

Ball Joint
Bolts for base
Coupling Nut

Flange nut for 7/16-20
1/8 t al 6061 square tube 9 ft (6 ft $27.44 and 3 ft $15.92)
3/8 16 nuts 100 count

+  Manufacturer

Buffalo Tools

memaster-carnm
mcmaster-cam
mcmaster-cam
mcmaster-carm
mecmaster-camr
mcmaster-carmr
mcmaster-cam

Communications - $225.94

Part Name

5.8GHz Circular Polarized Antenna Set-T and R 90° (SMA)
ImmersionRC 5.8 GHz AUdio/Video TRansmitter
SHIPPING FROM Hobby King

XBP88-XCST-002

RG58 Patch Cable SMA F to M (2 meter)

2m RP-SMA extension cable

ANT0906 S00MHz antenna

Thick-Wall Unthreaded PVC Pipe for Water: 48855K23

Tee Connector, 2 Pipe Size Socket-Connect Female :4881K113
XBee shield USB dongle

+ Description
Antennas for the video transmission feed
Transmitter for MR Video Feed

Hobby King

XBee Pro S3B for MR Data Transmission

Cables to connect video antennas to

Cable to connect XBee to antenna on rover

900MHz 3.5d8i Omni GSM Antenna RP-SMA Male(female pin)

PVC pipe for pole

PVC pipe for pole, thick wall unthreaded pvc
GS Xbee connection

~ Manufacturer

HobbyKing
HobbyKing
HobbyKing

DigiKey International

Amazon
?

Eightwood

mecmaster-cam
mcmaster-carm

SparkFun

$59.79
$6.23
$7.31
$2.78
$4.80
$7.66
$43.36
$5.76

« Cost + | Quantity + Discount| ~ Shipping

$8.42
$24.99
$0.00
$42.00
$6.99
$6.99
$8.49
$7.80
$4.42
$24.95
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-/Cost  ~ Quantity ~ Discount + Shipping

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$0.00
$0.00
$15.78
$2.77
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
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v Total Cost |~

$119.58
$6.23
$21.93
$22.24
$14.40
$22.98
$43.36
$5.76

+ Total Cost ~|

$16.84
$49.98
$0.00
$84.00
$13.98
$6.99
$16.98
$7.80
$4.42
$24.95



Electronics -

Part Name

SparkFun IMU Breakout - MPU-8250 SEN-13762 ROHS
FatShark 700TVL CMOS FPV Camera V2 NTSC/PAL
Arduino Mega 2560 R3 DEV-11061 ROHS

AD5171 Digital Potentiometer

SparkFun Motor Driver - Dual TB6612FNG
Miscellaneous

GPS Receiver - GP-20U7

Tenergy 6V 2000mAh NiMH RX Battery Packs

Tenergy Universal Smart Charger for NIMH/NICd Battery Packs (6 Battery Charger

ML55-12 SLA - 12V 55 Ah
552087807

$483.00

+ Description v Manufacturer
Calcuilate the inclination and heading of the MR SparkFun
Video Camera HobbyKing
Microcontrolier Arduino Mega Arduino
Digital Potentiometer Mouser
Linear Actuator Motor Driver SparkFun
GPS Receiver SparkFun
Battery to power Arduino and Sensors Tenergy

Tenergy
Battery to power translational system Walmart
Battery Charger Walmart

v Cost + Quantity ~ Discount + | Shipping |~ Total Cost ~

$14.95
$23.86
$49.95
$3.46
$3.96
$30
$15.95
$10.99
$17.99
$110.00
$8.58
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Admin, Shipping & Testing - $491.95

Subsystem .Y Part Name ~ | Description + Manufacturer
'Administralive printing posters, paper, etc printing cu
Testing Testbed Testing our Rover DRIFT
' Shipping Total of $400, subtracting current estimate from $400 Shipping Drift
'Subsystem v |Part Name ~ Description

 Translational DCB0-12/24-4Q Motor drivers

 Translational Aluminum 6061 plate 36x36 0.25", shipping includes 2 items
'Translational SHIPPING FROM MCMASTER MCMASTER (22 items)

Communications SHIPPING FROM Hobby King Hobby King (2 items)

.Communn’cabons XBPSB-XCST-002 XBee Pro S3B for MR Data Transmission
 Electronics ADS5171 Digital Potentiometer Digital Potentiometer

v Cost + Quantity ~|Discount v Shipping

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

$0.00
$0.00
$0.00
$4.99
$0.00

$0.00
$0.00
$0.00
$0.00
$0.00

$14.95
$47.72
$49.95
$6.92
$3.96
$30.00
$15.95
$21.98
$17.99
$220.00
$8.58

« Total Cost

$150.00 1 0.00% $0.00 $150.00

$100.00 1 0.00% $0.00 $100.00

$0.00 1 0.00% $241.95 $241.95

| Manufacturer v | Cost v |Quantity ~ Discount + Shipping -7
Minarik Drives $219.80 2 0.00% $15.75
midwest $99.69 2 0.00% $57.66
mcmaster-cam $0.00 0 0.00% $145.00
HobbyKing $0.00 0 0.00% $15.78
DigiKey International $42.00 2 0.00% $2.77
Mouser $3.46 2 0.00% $4.99
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