| 2 | 3 4 |
Al
Arduing_UNO_R3
- 30 scL J3 é IOREF
SoA El ™3
28 AREF
% : ™
SCK LEet oS!
3L unuseo Vos) [Liwos 4
+12V mﬁ""’m 10REF s -,—Wm“ 3
TV 27 RESET PBL K 4
H/I\ 2y pao [BCIK 5
o o —2a] 2% 6
[ —-1
O e i po7 782
2 el e g +12V +5v
z A Pos —3F +5V
e 3 w2 - J5
B A4 ™ M R’X I
v == A5 RX |—2
é O P5 ED25B0-ND
GND : = B O TP7
TR prrarg I e—o1rs O P8
o BL GND e
> — R2 G2 )
e 82 GND Y
— A B ) N
] S S
SFE—]ax w —@F GND
——— OF GND = A vd
GND
Sheet: /
File: Arduino_uno_sheild.sch
Title:
Size: Ak [ Date: Rev:
KiCad E.D.A. kicad (5.0.2)-1 Id: 1/1
I 2 [ 3 4 I




6 [ 7 I 8
1 [ 2 [ 3 I 3 I 5 [
RoboClaw Pin Header Roboclaw Power BUS
Motor Connection Output
+5v +5v +5v
+5V
ATT
RCL RC3 RCS +B /]\
RoboClaw RoboClaw RoboClaw -
1 2 1 12 1 o 12 1 [ ARetusa —
LB+ LB- 51 B+ LB, 4 5 -+ i 5 [2RCimMiB c2
= oy - E i SR e s v s 1771 917 g y s sy 2| o
Retenga 7| PMR2E PWRZC - peienip RC3ENIA 7| FNER* ENip |8 RCIEN1B RCSENLATT| puss g 4 5 RCIWZA GND L ® RCiviB % RCINLB % acsMiA 125
RCIEN2A 9] pron EN2B | LO_RC1EN2B RC3EN2A t;i EN2A EN2B ig RC3EN2B RCSEN2A 9 1 £y\op 3 EIRHMZB 100nf 2 100nf 2 L I_qy Wﬁ%
S1oND |2 stPwk  stoND HZ s e RCIENTA D | k3|
14 S2GND & e 1 RC2M1A 3 RCTENIA 2| 100nf
S % S3oND (S e 12 14 Hecamis RCLENB g 118 c7 L g 122 RCSENTARAW D | 2
sucnp (L8 sucnp (S8 8- 3 H |_¢ = — 2|
SsGND |20 ssoND 20 20 3 L Rewuon 1| p . Reguzn c11 g
2 &[5 rcavz 100nf | RCIMZB 4 100nf 5 p . RCSM2A 3 J26
2] 52170 & [e_Rcam28 2 n T RC5M2B 7|
3] S3i70 =1 ROECES
A 1 RC3MIA RCIENZA 100nf
21 A 13 |4 aecams RODZE D] 2 ESREE B 3 RESENZARAS | g‘
3 Lo L2 > |
3
0
4
B e e
6 B RC2M1A
GND GND [T LLL_RC4MIA ! I_"m?— %
415 Datrcunsp 100nf H 3 o 123
£ —
3 RCZENTA RC4M1A
8V b Hwcmn c5 FonEe H e I * RCAM1B 3
N § [ercuu2n ecouzs 1 J20 100nf K]
[T [-L_RcsM1A e ® &chuzs % RCAENIA RAW D |
RC2 RoboClaw 5 |4 aresmis 100nf 5 2 co g
RoboClaw e a2 s B T P y oo 157 J24
' ol e [ PR sl i Hwermr RCIENDB Rewizs 71 3
18+ 5 [
2 PwRt+  PwRL. [ ReuENiiS] PWR2+  PWR2- 1B H SM2B > — 100nf 2
Re2enta 7| PMR2H PWR2C - peensp RCAENZA O ENIA 0 Lo RCUERZA A S |
RGeENGA 91 enon Enzp [0 RCZEN2B 2 < g
i 1a L2
I s1pwr  s1oNd (2
43 spwr  s2onD HE- e oND
45 sspwr  s3onp HE 50
44 swewr  suonn 2 0 =
0 43 sspwr  smand 20 ¥
ot S| 2] 270
RXD 22] 3170 S3170
s2170 i o
251 gsi/0
GND
Raspberry Pi breakout
J6 . . .
59175-ND Power Distribution
33V sv |—p-2Y
2 s ol Voltage Regulators
XD
SPIOCIK ] Gpig_ceLk 00—y s ..
GND RXDO [ RAD.
% GPIO_GENO GPI0_GENE (GPI0_GENL e \/O Lta g e D [V d er
PI0GENZ Gpi0_GEN2 (S E—
GENg Shi0- £ 5TOP T
] e g pidE 5 T ] e
b SiMos! PN oy [m]
PLMISO | opi_miso GPi0_GENe [GPIO-GENE
PLCIK | cpicik serceoN [RPreety +5v Th . 15 +5V
GND 5Pl +B
CIDL 1 12c_in_eepRom 12¢.1D_EEPRON 12¢ 102 1 1 Mvee
GPi005 [ E— 3 120
19061 Gpioos Gpip12 | —CPI012 -2 o- GND T6 T9 Ti1
v 055 Chioss i m— oamfF o |12 F1 +12V
1029 1 Gpios cpiogs (—SPIOIE Fuse RCUENLA  up
GPI026 020 [—cpioat J13 RCAENIA RAW LM358-N
GND ED1501-ND L 8 T
R1 17 7 []R3 B
2 7_RC4EN2A
47K 59175-ND [ s lf 22K A
5y |—PlSYV < J9 J11 + s[5 e e
. o 3.3v 512y R2 1= oo
g SDA1 sy (—PLSY = 4 5
z SCiL D 2 >
scut oo [—SND 10K GND ‘=
SPICIK] gpio_ceLk TX00 0 w T14 =
SND GND RXDO feretnd ) < R4 S
SPI0SEND Gpio_geno GPI0GENL L Y 13 o= 10K 32
GPIO_GEN2
SPIOGENY GpigGens SPI0.GENY Iepm ey C16 c17 Al -
3. X
SPIMOSI GND o +BATT 100nf 100nf
SPIZMISO GPIO_GENG GND
SPICLK SPI_CEON
120 1n_tepRoM 12¢_1b. EEPAOM T10 OND
12C_ID_E _1D_]
P05 GND T12 T13
GPI00S GPI012 RCSENLA U2
GPIO13 ND RCSENLA RAW
GPIO1Y GPIO16
GPI026 GPI020
G GPio21 [—EPI02L GND 8 R5
lf 22K
>
w
m_lc R6
“==c
T o 10K
1
Arduino Communication
J8 J10
GND 12v
H <IS, H ++E;
G
[ — [ — T
TILH0 TILX0
H TILRXD H TILRXD
H RISE H
o
° ®
® ® s Sheet: /
1 . .
(@ Mounting Holes @ m File: Monolithic Board.sch
Title:
Size: A3 [ Date: Rev:
KiCad E.D.A. kicad (5.0.2)-1 ld: 1/1
8
1 [ 2 [ 3 [ 4 [ 5 [ 6 I




Open Source Rover: Electrical Assembly
Instructions

Authors: Michael Cox, Eric Junkins, Olivia Lofaro

Jet Propulsion Laboratory
California Institute of Technology

Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not constitute or imply its endorsement by the United States Government or the Jet Propulsion Laboratory, California

Institute of Technology. (©2018 California Institute of Technology. Government sponsorship acknowledged



CONTENTS CONTENTS

Contents
1 Overview 3
1.1 Tools Necessary . . . . . v v v v v v it e e e e e 5
1.2 Component Descriptions . . . . . . . . . . . . L L 6
1.2.1 Battery . . . . . . . 6
1.2.2  Voltage Regulators . . . . . . . . . . e 6
1.2.3 Raspberry Pi3 . . . . . . L e 6
1.24 Arduino Uno . . . . . . . .. e 6
1.2.5 Control Board PCB . . . . . . . . . . e 7
1.2.6  LED Matrix . . . . . . . o o e e e e 7
1.2.7 Motors. . . . . o o e e e 7
1.2.8 Encoders . . . . . . . e e e 7
2 Powering Components 8
2.1  Switch, Volt Meter, and Control Board . . . . . . . . . ... .. ... ... .. 9
3 Connecting Data Cables 10
4 Connecting Motors/Encoders 12
4.1 Drive Motors . . . . . . o . e e 14
4.2 Corner Motors/Encoders . . . . . . . . .. e 15

Open Source Rover Electrical Assembly Page 2



1 OVERVIEW

1 Overview

First, it is important to examine the components we will use in the rover and understand how both data and
power travel through the system. Figure 1 shows how each of the electrical components and boards receives
power, and Figure 2 shows how data are sent from each of the electrical systems and what communication

protocol it uses.

....................... prerssesssrsiasrainrans

Battery : RoboClaw Motor Drive Motors VOLTAGE LEGEND
| * Controllers ' and Encoders :
P < : i :
—> | Switch : I : —  Unregulated Battery
‘ » - 5V Regulated

Regulated Separately

Arduino Uno 12V Regulated

—

—» Unregulated & 5V
Voltmeter _) .
—..

Motor Control
Voltage

OSR Control
Board

.........................

Steering Motors
and Encoders

| [
- (&

Arduino Shield

LED Matrix

Raspberry Pi 3
Figure 1: Electrical Power Overview
One important thing to note from the above is that there are multiple different voltages in the system. There

is the unregulated voltage coming from the battery, 5V regulated coming from the voltage regulator, and

the 12V motor voltage which is sent from the motor controllers to the motors.
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1 OVERVIEW

................................................

RoboClaw Motor Drive Motors DATA LEGEND

 Controllers :* and Encoders

—P 3.3V Digital Logic

— 5V Digital Logic

—  (.2v Analog Signal

—  Serial UART

.........................

Steering Motors
and Encoders

ﬁ
Nal =

LED Matrix

-
%
ruino Uno Rasperrypi 3 $
-

?

Y
-

Figure 2: Electrical Data Overview

For the data transmission, we use both 3.3V and 5V digital logic systems, analog signals (of varying max

voltages), and serial communication between devices. Information on these protocols can be found at:

e https://en.wikipedia.org/wiki/Serial_communication

e https://learn.sparkfun.com/tutorials/analog-vs-digital
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1 OVERVIEW 1.1 Tools Necessary

Part Description

Battery Provides power to the system. Has an unregulated voltage range of

around 11.5V - 16.75V depending on its charge level

Switch Mechanical disconnect of the electrical power to the rest of the robot

Volt Meter Monitors and displays information such as current draw, voltage level,

and power consumption of the robot

Voltage Regulator Takes in the unregulated battery voltage and outputs a steady regulated

voltage for consumption by electronics.

Raspberry Pi 3 Acts as the brains and processing power of the robot

Arduino Uno Runs the LED Matrix

LED Matrix Gives the robot a display and a personality

Motor Controllers Sends voltage signals to the motors telling the motors the direction and

speed at which to spin. Reads encoder data

Encoders Monitors the position of the motor to give information about speed and
position
Control Board PCB Custom Printed Circuit Board to manage power and data transmition

between electronics components.

1.1 Tools Necessary

Tools Necessary

Item Item Image
Heat Shrink Gun Solder (‘ g l
|
Digital Multimeter Solder Wick
Solder Iron Power. Supply
(optional)
Figure 3

This project assumes you have the tools shown in Figure 3. These will all be used in the construction and
testing/debugging of this project. Most of these can be purchased inexpensively though DigiKey, Amazon,

or other retailers.
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1 OVERVIEW 1.2 Component Descriptions

1.2 Component Descriptions

The following are brief descriptions and basic notes about some of the components we use in this project.

For more detailed information on each component, consult the data sheet for that component.

1.2.1 Battery

The battery is used to power all the electrical components and the motors in our rover. The biggest driving
factor for battery selection was safety of the battery chemistry while still being able to drive the current
and voltage necessary for operation of all the electronics (we’ll go into these requirements more later). The
recommended battery was chosen because of its Poly Switch and PCB protection. These limit the amount
of current that can be pulled from the battery, as well as give protection against things like electrical shorts

and overcharging/fully discharging the battery.

1.2.2 Voltage Regulators

As our battery outputs unregulated voltage based on its charge level, voltage regulators are added to give
steady DC power to the electronic components. There is a 5V regulator that runs the raspberry pi and the

LED matrix, and a 12V regulator that supplies power to the Arduino Uno.

1.2.3 Raspberry Pi 3

We selected the Raspberry Pi 3 Model B as the "brain” of the rover. We chose the Pi because it allows
users at many levels of programming knowledge to gain familiarity in basic programming concepts without
a complicated learning curve. It is also widely used in the maker community, so modifications and additions
on the base rover should be easy. The Pi 3 also comes with WiFi and bluetooth modules built into the board
and we therefore don’t need additional dongles to communicate over WiFi or bluetooth. This retains all 4

USB ports for addons and modifications to the project.

1.2.4 Arduino Uno

An Arduino Uno runs the LED matrix. The matrix is controlled by a set of GPIO pins from the Arduino
and is multiplexed such that these few pins can control all the LEDs. Arduino is designed for these kinds of
applications where very high frequency switching of GPIO pins are necessary. The Uno is better suited for

this than the RPi, and offloads some compute power so that the Pi has more capacity to run rover software.
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1 OVERVIEW 1.2 Component Descriptions

1.2.5 Control Board PCB

The custom Printed Circuit Board is designed to help manage the power distribution and data signals for
the rover. It takes in battery power, splits it up to each of the voltage regulators and motor controllers which
in turn power each of the individual electronics on the robot. It also takes in encoders from the motors and
distributes them to the motor controllers, and provides serial UART communication between the RPi and
the Motor controllers as well as the Arduino Uno. The first version of the Open Source Rover required you

to run each of these wires by hand; the custom Control Board does much of the routing for you.

1.2.6 LED Matrix

The LED Matrix is a 16x32 pixel display that is controlled by the Arduino Uno. The LED matrix is

controllable via software and can be programmed to display anything you like.

1.2.7 Motors

Motors cause the actual movement of the robot. There are many types of motors; in this project we will be
used brushed DC motors. More information on different types of motors and a link about how brushed DC

motors work can be found at the following links:
e https://en.wikipedia.org/wiki/Brushed DC_electric_motor

e https://en.wikipedia.org/wiki/Electric_motor

1.2.8 Encoders

Encoders give us readings on the position and speed of motors as they spin. There are two types of encoders
in this project: absolute and quadrature. An absolute encoder is used to get the position of the motor on
a fixed scale such that you always know the absolute position of the motor even after power cycling the
system. Absolute encoders will usually have one output, which will either be a PWM digital signal or an
analog signal. Each of these signals will have a specific reading corresponding to where the motor currently
is on the fixed position scale. Absolute encoders are typically more expensive than their quadrature encoder
counterparts, which will sense position only relative to the last time the power was cycled or the signal was
reset. Quadrature encoders use two digital signals and look at the difference between the signals to sense

movement. More information about quadrature encoders can be found at:

e http://www.dynapar.com/Technology/Encoder_Basics/Quadrature_Encoder/

Open Source Rover Electrical Assembly Page 7



2 POWERING COMPONENTS

In this project, we use absolute encoders on the corner wheels to get absolute measurements on where the
corner wheels are turned/pointed. We use quadrature encoders at each of the driving wheels to get speed

measurements.

2 Powering Components

This section will go through the process of powering each of the components from the battery. During this
project you will need to cut, strip, and solder wires to extend and split electrical connections. It is important
to understand how to do this safely so that you are protecting your system from electrical shorts. Below
are a few quick links on these skills, however it is crucial that you fully understand these processes before

proceeding.
e https://learn.sparkfun.com/tutorials/working-with-wire /how-to-strip-a-wire
e https://www.wikihow.com/Splice-Wire
e https://www.youtube.com/watch?v=Y8wjv6lj5KU

**Note** Please read through this entire section and understand it fully before starting to

connect devices and electronics together.
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2 POWERING COMPONENTS 2.1 Switch, Volt Meter, and Control Board

2.1 Switch, Volt Meter, and Control Board

There are a couple of very important things to be aware of as you are making these connections,
as with any project where you are working with batteries or electrical current:

THE BATTERY IS LIVE AT ALL TIMES. This means that at any point, if the two terminals
of the battery come in contact they will cause an electrical short which could be very dangerous.
This may trigger the protection circuit in the battery that we chose and prevent extensive damage,
but we do not want to rely on that for safety. Make sure to keep the battery terminals of
the +V and GND separated at all times with no possibility of contact.

The battery connectors will only fit together one way. That means you have to make sure your
connections are correct the first time when soldering them in: make sure to verify this before
connecting anything to the battery.

The switch we use is a Single Pole - Single Throw switch. This means that either the two terminals
are connected together in one switch position or there is a physical disconnect when the switch is
in the other position. Make sure to test the switch and know which are its ON and OFF positions
previous to connecting it to anything. An easy way to test the switch is to use the 'Diode’ setting
on your Digital Multimeter (DMM).

It is extremely important to plug the battery in the correct direction into the volt meter as well, as

plugging it in backwards (even for an instant) could damage or destroy the volt meter.

Table 1: Parts Necessary

Item Ref Qty Image Item Ref Qty Image
Battery E36 1 Tamiya Connectors E35 1
16 AWG Wire (Black) X2 1 \ 16 AWG Wire (Red) X1 1 \
Battery Charger E41 1

Using the Tamiya connectors, connect the battery to the switch and then the volt meter according to Figure
4. The Tamiya connectors allow you to disconnect the battery from the rest of the system so you can recharge

the battery.
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3 CONNECTING DATA CABLES

[ Battery

*

LOAD +

Tamiya Connector ~ Tamiya Connector

_EEm

B w|of—

DCIN +

DCIN -

Switch

Control Board

Figure 4: Connecting the Battery to switch and board

3 Connecting Data Cables

LOAD -
Volt Meter

**NOTE: Before proceeding, you need to have completed the assembly of the custom PCB

board and populated all the components. If you have not yet done so, build the Control Board

now by following the document at /Electrical/PCB Assembly.pdf.

Item

Rectangular 6P 1x6

Jumper Cable

USB to TTL Serial
Adapter

Table 2: Parts Necessary

Ref Qty Image Item Ref
QL
&&\\\\\\ USB Power Cable E28

Rectangular 16P
E48 1 ? . E30
/ Ribbon Cable

E26 1

Next, we will next plug in all the cables that allow the various devices to communicate with each

other.

Open Source Rover Electrical Assembly
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3 CONNECTING DATA CABLES

1. Connect the E26 cable from the J10 Connector on the Control Board to the J5 Connector on the

Arduino Shield

2. Connect the E30 16 Position ribbon cable from the J1 Connector to the INPUT Connector on the

LED Matrix

3. Connect the E48 TTL serial to USB cable from any USB port on the Raspberry Pi to the 6 Position

headers at J8. The pinout should match the table below (see Figure 5):

Control Board

PCB J8 pin
1. GND
2. N/A
3.5V
4. TxD
5. RxD

6. N/A

TTL Serial cable

wire color
Black
Not Connected
Red
Green
White

Not Connected

Figure 5: USB / TTL Serial Cable Connection

Open Source Rover Electrical Assembly
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4 CONNECTING MOTORS/ENCODERS

4 Connecting Motors/Encoders

Next, we will connect the motors and encoders to the RoboClaw motor controllers. For each of the 10
motors you will need to connect motor power as well as the encoders. This means that there will be close
to 60 wires traveling between the motor controllers and the motors/encoders, so it is very important to try
to keep your wires organized and bundled together well. Below is some information about strain relief and

using wire braid in your electronics systems. See these links and Figures 6 and 7 for examples.

e https://www.techopedia.com/definition/2301 /strain-relief

e https://www.youtube.com/watch?v=FeCs98TSsYQ

Figure 6

An example of how we routed our wiring is shown by Figure 6. It is important to give strain relief
in the cable as you are routing it through, as well as to give extra wiring for the locations that can
move. In addition, Figure 7 shows how we routed the wires through the rocker-bogie, and then from

the rocker-bogie into the main body. Try to pick locations that reduce strain on the wires as the

robot legs move when you are routing wires into the body.
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4 CONNECTING MOTORS/ENCODERS

Figure 7: Serial signal routing

Table 3: Parts Necessary

Item Ref Qty Image Item Ref Qty Image

20AWG Wire (Black) X2 N/A 20AWG Wire (Red) X1 N/A

30AWG Wire (White) X3 N/A

30AWG Wire (Yellow) X5 N/A \ 30AWG Wire (Green) X6 N/A \\

30AWG Wire (Blue) X4 N/A
3 Pin Micro Connector E40 4 Wire Braid E42 1

Heat Shrink Tubing E44 1

The below table and figure shows an approximate amount of length of wire you will need to reach each of
the motors, based on how we think is best to route the wiring through the suspension system. Cut these

lengths and strip both ends of the wires.
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4 CONNECTING MOTORS/ENCODERS 4.1 Drive Motors

Section Wires Needed Length [inches]
A 2x 20AWG & 4x 30AWG 35
B 2x 20AWG & 4x 30AWG 28
D 2x 20AWG & 3x 30AWG 20
2x 20AWG & 3x 30AWG 32

Figure 8: Wire lengths

4.1 Drive Motors

We will begin with the drive motors (the 6 motors that are directly connected to each drive wheel). Make
sure to look at which RoboClaw corresponds to which motors that that RoboClaw controls. It is important
that this ordering is preserved. Figure 9 shows the motor pinout for the motors for the drive system. You
will be wiring each of these to the terminal blocks on the control board. One method of doing this is to cut
off the 6 pin connector from the motor and solder directly to the wires there. Another way is to add your

own connector if you wish to be able to change the motor out easier in the future.
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4 CONNECTING MOTORS/ENCODERS 4.2 Corner Motors/Encoders

Motor | RoboClaw | RoboClaw | Description
5 ID Number Address
10
1 4 131 Corner
Back
2 4 131 Corner
3 5 132 Corner
4 5 132 Corner
5 1 128 Drive
[ 1 128 Drive
Front
7 2 129 Drive
8 2 129 Drive
o n o 9 3 130 Drive
TOP-DOWN VIEW 10 3 130 Drive

Figure 9: RoboClaw - Motor Assignments

The terminal blocks that correspond to the drive motors are connectors J17-J22. You will see them labeled

on the control board corresponding to which motor it should connect to’.

Each of the terminal blocks are identical for the drive motors; pay attention to the silkscreen to know
which screw terminal to plug the wire into. The terminal block position on the board will correspond

roughly with which motor it goes to on the robot, ie. the J22 connector is in the front-right of the

board when installed in the robot, and connects to the front-right drive wheel.

Control Board Label Motor Wire Color Signal

Mx+ Red Motor +

Mx- Black Motor -

GND Green Ground

+5V Blue Encoder Power
ENxA Yellow Encoder signal A
ENxB White Encoder signal B

4.2 Corner Motors/Encoders

The big difference between the corner motors and drive motors is that the corners use absolute encoders.
The absolute encoders are separate from the motor and so we have to do a little bit of work to get them to
interface with the motor controllers. The corner motors only have the two connections to the physical

motor: the (4+) and (-) going to the top of the motor. However, you must also hook up the absolute

I Make sure you are using a REV-E or newer board. There was an initial release of board files that had the silkscreen reversed
from left-right for all motors (drive and corner). If you have a REV-D or earlier board, the silkscreen may have these labels
backwards.
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4 CONNECTING MOTORS/ENCODERS 4.2 Corner Motors/Encoders

encoder. When plugged into the encoder, the 3-pin Micro connector will have 3 wires coming out of it,

shown in Figure 10.

Figure 10: 3-pin Micro connector

Pin Description Color

1 +5V DC Power Orange
2 0-5V Analog Blue

3 Ground Brown

Similar to the drive motors, connect each of the corner motors and encoders to its corresponding terminal
block (J23-26 on the control board). Below is the pinout for how to connect the encoders: **Note**

These are NOT the same color and pinout as the drive motors!

Control Board Label Motor Wire Color Signal

Mx+ Red Motor +

Mx- Black Motor -

GND Brown Ground

+5V Orange Encoder Power
ENx Blue 0-5V Analog Signal
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4 CONNECTING MOTORS/ENCODERS 4.2 Corner Motors/Encoders

You'll need to solder the red and black Mx+/- wires directly to the connector “ears” on the corner motor.
It doesn’t matter what polarity you use for soldering these wires to the motor for now - the black (or red)
wire can go on either ear.

With that, all of the electrical wiring on your rover has been completed! You can now move onto the

calibration process! (see /Electrical/Calibration.pdf)
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1 MECHANICAL/STRUCTURAL ASSEMBLY

1 Mechanical/Structural Assembly

At this point we have every major sub assembly created and they just need to be attached together to create
the rover! In the steps in this document, we will attach all the corner motors and wheels, the rocker-bogie,

the differential pivot, and the head.

-
- @

Figure 1: All subassemblies completed
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1 MECHANICAL/STRUCTURAL ASSEMBLY

1.1 Mounting Wheels

Item Ref

1.5" Channel S1

Channel Connector

S6
Plate
0.5"” x 15" Aluminum
S16A
Tube (Modified)
0.5" x 2" Aluminum
S19
Tube
0.5" Collar Clamp S22

1.1 Mounting Wheels

14

Table 1: Parts/Tools Necessary

Item

0.5" Nylon Washer

#6-32x1/4" Button

Head Screw

Allen Key Set

Wrench Set

Ref

w3

Bl

D2

D1

1. Mounting the Middle Wheel: Mount one base wheel (not the corner wheels) to the lowest arm

of each of the two rocker bogie subassemblies using a 1.5 inch channel S1 and channel connectors S6.

See Figures 2 and 3. Note that you should mirror the wheels so that they are both on the ”outside”

of the rocker bogey subassemblies.

Figure 2:

Mounting the middle wheel

Open Source Rover Mechanical Assembly Manual
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1 MECHANICAL/STRUCTURAL ASSEMBLY 1.2 Attaching Corner Steering Assembly

Figure 3: Attaching the middle wheels

1.2 Attaching Corner Steering Assembly

1. Attach one of your corner steering assemblies to the rocker bogie assembly using channel connectors
S6 and screws B1 as shown in Figure 4. Make sure that you pick a corner steering assembly that has

the encoder facing outwards (on the same side as the middle wheel from the previous step).

Figure 4: Attaching the corner steering assembly

2. Repeat the steps above to mount the remaining corner steering assemblies to the other rocker bogie
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assembly, again making sure to select the encoder mounts such that the encoders wind up on the

outside of the rover.

Figure 5: All corner steering assemblies attached

1.3 Attaching Corner Wheels

1. Attach the four corner wheel assemblies to the corner steering assemblies. They are all symmetric.
You may need to spin the encoder gears to mesh with the motor shaft gears if they are not aligned

initially. See Figure 6

Figure 6: Attaching the wheels
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1.4 Mounting Body to Rocker-Bogie

1. Mount the main body of the rover to the two separate rocker-bogie legs using 15 inch aluminum rod
S16A and collar clamps S22 as shown in Figure 7. Make sure to maintain the order of the collar
clamps shown in Figure 7 to fully lock all assemblies along the rod. The rod will go through the pillow

blocks on each rocker-bogie leg, and it should pass through the 4th from the back and 2nd up hole on

the body as shown in Figure 7.

Figure 7: Mounting Body to Rocker-Bogie

1.5 Attach the Differential Pivot

Table 2: Parts/Tools Necessary

Item Ref Qty Image ltem Ref Qty Image
0.5" Hollow aluminum \ - ¥
S18 1 0.5" Collar clamp S22 1
tube 2" long \Q ‘ =
0.5" Nylon Washer W3 5 o

1. Mounting the differential pivot center: Mount a collar clamp S22 onto the end of the 2”7 Alu-
minum Rod S19 as well as two of the 0.5” Nylon washers W3 as shown in Figure 8. Then, insert
this rod into the pillow bearing blocks from the inside of the body assembly. Add three more nylon
washers on the outside / top and then attach the clamping assembly on the middle of the differential

pivot (see Figure 8).
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Figure 8: Inserting differential pivot joint

2. Attaching the differential pivot arms: Attach the the bottom sections of the differential pivot
to the 0.5 inch clamping hubs on each of the Rocker-Bogie attachments. Once these are all in place,

tighten down each of the screws on all of the clamping hubs as shown in Figure 9.

Figure 9: Attaching the differential pivot
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1.6 Mounting the Head

1. Mounting the head to the body: Slide the PVC pipe at the bottom of the head into the PVC

clamping hub on the rover body and tighten down the clamping screws.

Figure 10: Attaching the head

2. Checkpoint: You rover should now be fully assembled! Verify that your rover looks like the rover in

Figure 11.
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Figure 11: Final Mechanical Rover
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