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Executive Summary

The concept of applying advanced control theory to robotics with the intention of

performing jobs that humans are capable of, such as assembly, in the industrial

application, and vacuuming, in a domestic application, has been accelerating. The

idea of using robots for lawn mowing has been around for several years however,

robotic | awnmower s s Thislrdportlloaks lat deveélapihgea | i genc e
cutting mechanism to be attached to the Uni:
new universal chassis to compete against other universities in Ohio at the Sixth

Annual ION Robotic Lawnmower Competition.

Conceptual designs were based around improvements and the experience gained

from | ast year ds entry, T the quttimg wiechanismA|l s o0 con
was the traditional approach of using an off-the-shelf lawnmower, and

retrofitting it to the chassis. However, it was decided that a more creative and

innovative approach would better suit the reputation of the university and the

robotics team name, as well as help attract future sponsorship.

The design of this year's Tronmower was based on keeping components modular.
A robust chassis was designed with the intent of being able to be entered into
multiple competitions, and then for the ION competition, a three-point hitch was

added to connect the cutting mechanism. These two main components were
designed by two mechanical students for their fourth year projects. The main

chassis is based on a smaller version of another chassis usely the University of

Waterloo Robotics Team for land mine removal. The cutting mechanism was
designed based on rough power requirements of other professional robotic
lawnmowers on the market. Innovation was introduced with the use of a lateral

stage, that enables the cutting mechanism to follow a wall on the left or right of

the robot using infrared sensors and close loop control embedded into the
microprocessor.

The robot can move at a top speed of 7.6 km/hr, runs off a 24V system, has a
cutting width of 34", and an estimated run time of approximately 1.4 hours under
moderate loading. The overall dimensions of Tronmower Il are 1.0m x 0.75m x
1.0m.

The embedded microcontroller is used for closed-loop velocity control, and
closed-loop control of the lateral stage of the cutting mechanism. The on-board
computer communicates with (a) the microcontroller, (b) the SICK LIDAR, (c)
NovAtel GPS, and (d) EZCompass 3. The data from the three sensors (b, c, d) is
fused to create a 2D map of the lawn, and Tronmower Il makes high-level
decisions regarding speed and direction to ensure that the entire lawn is cut
aesthetically. The speed and direction commands are sent to the microcontroller
(a), which translates these to two PWM signals for the two motors.
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Introduction

The organization of the team is primarily comprised of two mechanical students, two
mechatrong students, as well as a compatéence student. There were others involved
with themechanicahnd electricdhbricationof the main chassis, which was supported by
members of the University of Waterloo Robotics Team (UWRT). The robot was determined
to be designed in two parts, themwhassis and the Tronmower Il cutting mechanism to
keep the design modular, as well as to collaborate with the UWRT to share resources.

This report will detail the design of the chassis and the cutting mechanism, as well as provide
insight to navigatioand path planning implemented on Tronmower Il. From a high level
perspective, Tronmower Il can be operated both autonomoushaandlly using a remote

control. h autonomous mode, the remote control acts as the wireless emergency stop.

Tronmower 1l is aradically different machine than Tronmower | that was designed and
fabricated from scratch and contains a lot of innovative designs. The main innovative design
that will greatly enhance the performance of Tronmower Il is the lateradnsthge

mowing dek that allows for the lateral movement of the mower deck relative to the main
chassis. This lateral stage coupled with IR sensors, allows to closed loop control of the stage
to hug any detected obstacles, without any direct control required from tlevehigh
software. Other features contained on Tronmower Il-@o@tBhitch, which allows for the
raising/lowering of any attachment, in this case, the cutting mechanism, as well as a nodding
LIDAR mount, but the nodding is not implemented for this cotigmeti

Navigation is broken down into three main stages that consist of lane following, edging, and
cornering. Lane following refers to breaki
measurements and automatically calculating the desired GPS wagusdtsoncut the

field. An obstacle avoidance algorithm is implemented to find alternative routes in the event

that a static obstacle impedes the lane. Edging occurs after lane following, around the
boarder of Zone 1, and around the flowerbed, as wedlrtzslyp in Zone 2. Zone 2 is

tackled with the edging stages as well as the third stage, cornering, because the cutting
mechanism is pulled behind Tronmower II, we need to back into Zone 2.

Specifications

Tronmower 1l is build to be extremely durable as well as versatile. Detailed
specifications follow:

Physical Properties

Weight: 130kg

Height: 1.0m

Width : 0.75m

Length: 1.0m

Max. Cutting Width: 0.86m ( by translating cutting deck)
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Power Consumption
Total CurrentDr aw: 129A

Drive Motors: 40A
Cutting Motors: 80A
LIDAR Motor : 5A
Sensors 2A
Electronics: 2A
Batteries
Battery Capacity: 175AH @ 12V
Battery Lif e: ~1.4 hrs
Sensor Accuracy
RTK-GPS +/-20mm
Encoders: 1.56mm
LIDAR: +/ -50mm @50m
Compass. +/-0.25 deg
Performance
Speed 2.1m/s
Acceleration: 5.25m/s?
Turn radius : Om
Cost
MRSP Cost to UWRT

NovAtel OEMV -3 GPS System $10000 $2000
SICK PLS100 -211S02 LIDAR $6000 $0

EZ-Compass -3 $1000 $0
Trojan SCS -150 Deep Cycle $360 $310
Lead -Acid Battery (x2

IFI Victor 885 Motor $400 $360
Controllers (x2)

Mini -ITX SBC8 6807 $250 $0
Motherboard

Sam -7 Header Board $50 $50
GreyHill 63R Encoders (x2) $110 $110
12V Mini bike motors (x4) $800 $0
Globe motor $25 $0
Samlex America SDC -23 Step - $150 $150
down

Pololu Motor driver $50 $50
PicoPSU power suppl $70 $70
Various Mechanical $690 $690
Components

Various Electrical Components $200 $180

$23755 $3970
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Mechanical Design

The objective of the design of the main chassis is to design and build a drive train
capable of meeting the rules and competing in the IGVC competition (minimum
size of 26 X 306, Maxi mum Speed of 5
lawnmower design for the ION autonomous lawnmower competition. This design
should also be adaptable to other uses for the UWRT.

In order to develop the design many things were considered. The first was the
ability of the design to navigate effectively off-road. In order to effectively do this
for the IGVC and for more demanding off-road applications which it may be used
for large pneumatic tires were selected. These are far superior to tracks in their
durability and ease of use and in most cases traction as well. In order to facilitate
good turning and maneuverability 6 wheels are used, with the middle wheel
| ower ed Flgye 11).0Thiq allows the center wheel to take the majority of
the normal force, and therefore the frictional force, which makes turning easier
since there is less friction (turning scrub) force to overcome to turn. It also keeps
the wheel base long for climbing and stability, without addin g extra turning scrub
associated with a long base 4 wheel skid steer.

Most components are selected on their cost, and availability. The machined

components are designed to be quick to machine and easy to assemble to speed

up the manufacturing of the enti re drive train.

Figure 1: Tronmower Il side view
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Power Train

The drive motors used are a 12V minibike motor that can provide 270 watts at
max power. Because of the possible weight of the vehicle (>160 Ibs) 4 of these
motors are going to be used, 2 powering each side. These will have their power
combined in a custom single stage gearbox which uses a 15 tooth, 1.5 module gear
on the output shaft of each motor, mated to a common output shaft with a 60
tooth gear (Figure 2 ). All of these gears are calculated for strength. The output
of the gearbox is al4-tooth sprocket, which drives one continuous chain that
wraps around the 60 tooth sprocket on each of the 3 wheels on that side. This
layout allows for a single chain and single tensioner, but is potentially more
susceptible to failures because of the single point of failure. The combination of
the 4:1 Gear reduction and the 60:14 Sprocket reduction combine for a reduction
from the motors of 17.14:1. This ratio, with the 2700 RPM mot or s and 10. 50
wheels gives a top speed of 2.1 m/s (4.7 mph), which is just under the maximum
for the IGVC completion.

Figure 2: Power train design

Frame Design

The frame is designed as a ladder frame for maximum strength while making if
very simple and cheep to build. There are 2 main rails that run the length of the
frame and mount most of the components such as the dead axles for the wheels,
and the gearboxes. These rails are subjected to a lot of torsion due to the
cantilevered axles and so a crosser rail is situated as close as possible to each axle.
This layout will provide maximum torsional stiffness, especially since boxed
tubing is being used instead of channel or angle Figure 3). All of these pieces
will be welded together with solid fillet welds, and the bottom plate will be stitch
welded on. The bottom plate provides additional stiffness, and convenient
mounting for other components. The batteries need to be vibrationally damped
from the frame, and so will sit on a foam pad on the bottom plate, with a strap to
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hold them in place.

For the tubes alll lo\er thinadr tube tvalld. &he reasons ferl e ct e d
this are that it adds only minimal weight (-8 Ibs), and increases the strength

greatly, especially at welds The biggest advantage is that the tube can safely be

tapped for mounting components.

Figure 3: Frame design

Axle Design

The wheel and sprocket assemblies have int
mounted to dead axles. The axés must simply support the load created by the

weight of the vehicle and the tension of the chain. Some calculations were used to

determine that stress concentrations on the axles would be very undesirable and

so a hardened 4130 shaft will be used. This Wi be shrunk fit into a mounting

plate and bolted onto the frame through the close fitting holes milled in the

frame. This design is very simple to machine (using undersized reamers found in

the shop) and will be very durable.

Cutting Mechanism Design

Without having grass for testing or empirical data relating the power to the
torque or rpm of a cutting blade for grass, or being able to acquire the data from
testing due to snow, a reverse engineering approach had to be taken for sizing
motors. This process involved looking that the maximum power of professional
lawnmower robots on the market, and developing a relationship between tip
velocity of the cutting blades and power per area of cut. The assumption taken
was that the professional autonomous lawnmower can handle relatively tough
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grass with these specifications then designing the Tronmower II cutting
mechanism based on these numerical figures should produce similar results.

The cutting blade chosen for the design is the Weed Wacker Blade from Sharer
Blade. This blade is meant to be used as a replacement for spools of wire for
edgers, but was chosen based on its 12.5" cutting diameter, the selfharpening
feature it has, as well as the flexibility of the blade, which allows it to deflect if it
strikes a hard object, such as a rock. Two cases were considered, the first case
looks at matching the tip velocity, and determining the rpm. The second case
takes into account the forward velocity of the robot and ensures that the rpm of
the cutting blades is sufficient for the maximum forward velocity of the robot to
ensure that all grass is cut by making sure the passes of the blade overlaps where
the previous pass of the blade cut. Table 1 below provides some numerical results
based on this.

Table 1: Cutting blade specifications

|_Parameter | _FirstCase_ | Second Case |

61.7 [m/s] 61.7 [m/s]
23.56 [in2] 23.56 [in2]
3,710 [rpm] 4,700 [rpm]
0.1571 [in2/W] 0.1571 [in2/W]
380.5 [W] 380.5 [W]
0.9767 [Nm] 0.7731 [Nm]

From Table 1, it is seen that there lies a discrepancy between the first and second

case in the angular velocity of the blade and the torque required. To size the

power of the motor safkhy, vehecseyonddcabhed
torgue load are chosen resulting in the requirement of a motor that can produce

480 [W], based on the following equation.

2
Ptronmowe[W] = Tload [N m]* I’prn[ronmowe;k (_]
60 conversion factor:
Based on the DeWalt 18V new style drill motor, under the assumed cutting load
of 480 [W], the estimated current draw is 26.67 [A], providing 0.226 [Nm] of
torgue at an angular velocity of 20,282 [rpm] from the motor shaft directly.

The design of the transmission of the power of the DeWalt motor to the blade was
implemented by using a timing belt and pulley system. The advantage of using a
timing belt and pulley system over using gears in this situation is that the timing
belt and pulleys do not need to be lubricated whereas the gears if metal, should
be lubricated, and if plastic, wear down over time. By using a timing belt and
pulley, it removes the lubrication problem as well as reduces the cost associated
with replacement of a belt compared to replacing both gears.
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Finding the closest sized pulleys to achieve the desired ration, led to an actua
pulley ratio of 4.44, resulting in the torque delivered to the cutting blade at the
assumed load to be 1.003 [Nm] which meets the requirement of 0.9767 [Nm]. At
the peak efficiency of the motor, the delivered torque is expected to be 2.35 [Nm],
although this would not be achieved with the current being limited by 40A fuses.

Mower Deck Design

The design of the mower deck is to cover the widest width possible while ensuring
that the cut quality remains good. It was decided that having three cutting
mechanisms staggered would result in a good cutting width that is slightly wider
than the width of the chassis. This allows us to divide up the field into paths
whose widths are the same size as the chassis, and this still allows us to have
some overlap between msses, which allows for some small error in the robot
heading.

The actual layout of the blades with respect to each other was designed in such a
way that from the bottom view, there is a 1.5" of overlap to oncoming grass, and
1" radially between the blades. The cutting mechanisms are secured together
using 1" square Aluminum extrusion through the use of M5 screws, which has
become the standard for attachments for this chassis. A safety protection barrier
made from 16-gauge sheet metal protects from high vdocity projectiles from
flying off. Additionally, due to the raising and lowering motion possible, a safety
switch is added such that the blades will only turn on if the mower deck is down
on the ground.

Figure 4: Tronmower Il b ottom view
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The cutting deck is mounted to the main chassis through a lateral stage and then
a 3-point hitch, as seen in Figure 5. The hitch allows any attachment to be
connected to the main chassis but for this competition, the attachment is the
cutting mechanism. Additionally, the hitch allows for the raising and lowering of
the attachment. The ability to set the height of the mower deck allows for
different heights of grass to be cut.

Figure 5: Lateral stage and 3-point hit ch

The lateral stage allows the mower deck to be moved left or right or remain
centered, through the use of a ball screw and positioning motor through a pulley
and timing belt system. The general position of the mower deck is determined by
the high level software, which issues a command of left, right, or centered to the
mower deck expansion board. The issuing of a left or right command causes the
positioning of the deck to be controlled using IR sensors placed on the mowing
deck that are aimed forward and sideways on the deck, enabling the mowing deck
to hug any obstacle without direct control or positioning of the main chassis.

Figure 6 shows the power of this by the reach of the mower deck with the lateral
stage.
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Figure 6: Top view of the lateral stage fully extended right
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