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Executive Summary 

 

The FarmBot is a backyard CNC gardening machine designed to bring industrial automated 

farming technology into the average consumer’s backyard. The FarmBot works by moving a tool 

within a rectangular area through a series of rails and linear actuators to perform weeding, 

seeding, and watering functions. You choose the crops, and FarmBot does the rest, alerting you 

when it is time to harvest. The current model, FarmBot Genesis currently costs $2595, uses 1035 

parts, requires 30+ person-hours to assemble, and was not designed to withstand year-round 

weather conditions. These factors render FarmBot Genesis cost and time prohibitive, and result 

in a product that is not robust enough to meet its goal of bringing automated farming to the 

backyard of every American. FarmBot imagines a world in which FarmBot is as commonly 

owned as a microwave or television; but before the FarmBot can become a staple of American 

homes it must be redesigned to be cheaper, easier to build, and easier to use. 

 

To tackle this problem, we used careful analysis and Design-For-Manufacturing (DFM) 

techniques to design a product: FarmBot Eden. Our design uses a rotating pivot, cantilevered 

gantry arm, and polar coordinate system to farm a circular garden. While less scalable than its 

Cartesian predecessor, FarmBot Eden is simpler, using 162 parts, of which the consumer only 

sees 121, to accomplish what was previously accomplished with 1035 parts. Furthermore, 

assuming a production batch of 10,000 units over four years, our current design costs $450 to 

manufacture (including amortized costs). FarmBot Eden also incorporates a novel universal tool 

system that accomplishes the necessary functions (weeding seeding, and watering) without any 

high precision tool changes. Lastly, we designed FarmBot Eden to be resistant to wind, water, 

heat, cold, and dust, as well as to fit into a 6’ by 2’ by 3’ box, which can be transported in most 

cars. 

 

Our cash flow analysis indicates that FarmBot Eden should be sold for $775 to maximize 

FarmBot Eden profits. This pricing is also in-line with hydroponic gardens, such as the 

AeroGarden Farm, which typically costs $699 to support 24 plants, while the FarmBot Eden can 

support up to 65 similarly sized herbs. 

 

Our design represents a good first step in the development of FarmBot Eden, but more 

development is needed before FarmBot Eden could be brought to market. Namely, we limited 

the scope of this project to the mechanical components of the design; so a complete electrical and 

software redesign is necessary before FarmBot Eden could go to market. Furthermore, the 

coupling system that drives the rotational axis of FarmBot Eden had issues with mechanical slop; 

so a redesign of that subsystem is required. The injection molded and cast parts also need 

refinement before they can be produced at quantity. DFM is an ongoing process, and with more 

DFM work, the cost could be further reduced. We hope that this project provides a solid 

foundation upon which future work can be based. 

 



1 

 

1. Overview 

1.1. Background 

Advancements in agricultural 

technology in the last century have 

rapidly increased yields and food 

quality around the globe. 

Automation is central to these 

developments, allowing large scale 

agricultural operations to function 

at high efficiencies. Over the same 

period of time, there has been a 

growing movement to revive 

backyard-style farming in both 

urban and suburban areas. Despite 

the highly advanced technology of commercial agriculture, there have been few efforts to bring 

high tech resources into the world of small scale farming. To bridge this gap, FarmBot Inc. 

created the world’s first open source automated gardening machine. Their first model, FarmBot 

Genesis, seen in Figure 1, is a linearly actuated machine that can water, weed, and seed a 50 sq. 

ft. garden. You choose the crops, and FarmBot does the rest, alerting you when it is time to 

harvest. FarmBot envisions a future in which their device is as ubiquitous as your smartphone or 

television. 

1.2. Problem Statement 

FarmBot Genesis currently costs $2595, uses 1035 parts, requires 30+ person-hours to assemble, 

and was not designed to withstand year-round weather conditions. These factors render FarmBot 

Genesis cost and time prohibitive, and result in a product that is not robust enough to meet its 

goal of bringing automated farming to the backyard of every American. 

1.3. Need 

Gardening can be difficult for the inexperienced: there is a high knowledge barrier to entry, and 

many people simply do not have enough time to properly maintain a garden [1]. By utilizing 

automation and relying on an internet database of farming techniques [2], the FarmBot 

drastically simplifies the gardening process. In addition, according to FarmBot, Inc., FarmBot-

grown vegetables emit 25-30% less CO2 and cost 20% less than the average USA store-bought 

counterpart. These calculations were performed based on information from ERS/UDA Data and 

verified by our team [3] [4]. The FarmBot provides local, sustainable, affordable, labor-free, and 

fresh vegetables in your backyard, making it an effective tool for increasing food equity and 

quality. 

1.4. Goal 

FarmBot must be cheaper to purchase, easier to build and use, and more resilient to weather. Our 

embodiment of these goals, FarmBot Eden, is a mass-market FarmBot model that will be 

purchased with the same complexity as the average bedframe. It must be buildable in a weekend 

 
Figure 1: FarmBot Genesis 



2 

 

(two 8-hour days), fit inside the average car, and require minimal knowledge of tooling and 

engineering concepts.  

1.5. Objectives & Requirements 

Our main objective for this project is to increase accessibility while maintaining the same level 

of functionality as FarmBot Genesis. Accessibility is defined by ease of assembly, cost, and 

product robustness (lifetime). Functionality is defined by current Genesis standards: FarmBot 

Eden must have similar or broader functionality than Genesis. Our development began with the 

creation of a set of solution-independent requirements that we would have to meet regardless of 

the final form of our product. They are listed in Table 1. These requirements drove our design 

decisions and were updated continually to be more stringent as our design progressed, allowing 

for higher factors of safety. Please also note that we have limited our scope to the mechanical 

aspects of the project mainly due our team’s background and experience. Some 

electromechanical development was done to allow room for future electrical systems, though we 

spent little time on the functionality of electrical systems themselves.  

Table 1: Solution-Independent Requirements 

 

1.6. Deliverables 

Our deliverables are largely unchanged from our PDR, though we have elaborated on each item 

to better reflect specifics and details. Table 2 summarizes our deliverables. 

Category Number Objective Requirement Metric Justification 

Constraints 

1 Accessibility Sale Price $300 Determined by our sponsor 

2 Accessibility Building Time <16 Person-Hours “Assembled over the weekend” = 2 x 8 hour days of work 

3 Accessibility Box Size <6x3x2 Feet Size of a typical bedframe package [5]  

4 Accessibility 
Minimum Temp 

(USDA Zone 5+) 
-28.9°C USDA Zone 5+  allows 5 month growing 

5 Accessibility 
Maximum Temp 
54.4°C 

54.4°C Max temp of Large US city (Phoenix) 

6 Accessibility Wind Resistance 46 MPH 
Survive winds of a “Severe Gale”, the strongest storm any portion 

of US regularly experiences [6] 

7 Functionality Product Lifetime 5 years Worst-case ROI period of 5 years; must function until then 

8 Accessibility UV Resistance 
Structurally usable 
for 5 years 

Must function until the worst-case consumer gets a positive ROI 

9 Accessibility Water Resistance IPX4 Standard Must survive rainstorms 

10 Accessibility 
Sediment 

Resistant 

No affect by Dusty 

Conditions  

Accessible to consumers living in areas where blowing sediment is 

an issue 

Functions 

11 

Functionality 

Seed Planting 95% Reliability Arbitrary, based on comfortable 1/20 plant failures 

12 Watering 95% Reliability < .05% chance of going 2 days without water 

13 Weeding 100% Reliability 
Mechanical weeding action must be fully reliable, contingent upon 

computer vision software (still in beta, outside of scope) [7] 

14 
Tool Location 
Tolerance 

1.25" of true XY 
location 

Minimum vegetable spacing is 2.5" and this is half the distance. 

15 
Cross-Garden 

Speed 
<1 minute Similar to FarmBot Genesis (observed) 

16 Coverage Area >50 Square feet Defined by the FarmBot Genesis 

17 
Cable 

Management 

No 

tangling/pinching 
Necessary for operation 

Means 18 N/A 
CNC Gardening 
Machine 

N/A This was pre-determined by our sponsor 
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Table 2: Deliverables Summary 

Item Description 

Bill of Materials 
List that includes part name, description, manufacturer/source, quantity needed (per unit), 

pricing (per unit and large quantity) organized by assemblies and subassemblies. 

Fully Functional 

FarmBot Genesis 

Assembled and used for evaluation of current technology and testing of functionality. 

Client specifically requested that we build this model. Includes all electrical and 

mechanical functionality. 

Mechanically 

Functional FarmBot 

Eden 

Our prototype: A “works like” and “looks like” model that functions fully at a mechanical 

level but still requires electrical, software, and mass production refinement.  

Detailed Assembly 

Notes 
Public website that hosts instruction manual (video and text). 

Detailed Design 

Documents 
CAD models, component drawings, initial sketches, hand calculations, design narrative. 

Engineering Analysis 

& Testing  

Complete documentation of engineering analysis and testing performed to show that 

FarmBot Eden meets (or doesn’t meet) requirements and specifications. 

Take-To-Market 

Report 

Report of production scale with consumer price elasticity based recommended pricing and 

unit production based on our Target and Service Addressable Markets. 

 

2. Design Methodology 

2.1. Summary 

We began by brainstorming as many solutions as possible. We conceptualized how each design 

worked towards our goals of functionality and accessibility. Afterwards, we narrowed our 

options to four high-level designs. We divided the options between teammates and fleshed out 

each idea through thought experiments, napkin calculations, and sketches. Then, we each pitched 

our favorite ideas to the group alongside supporting research. We compared our ideas using 

alternatives matrices, then selected the design that scored the highest. We modeled the best 

design in SolidWorks, and iterated upon each part based on the results of FEA and hand 

calculations. We also developed solution-specific requirements to which our solution was 

designed. See section 2.4. Next, we built our first prototype, testing parts and subsystems to 

evaluate the validity of our design ideas and analysis. Finally, we returned to the beginning of the 

design process, incorporating lessons from our first prototype; and repeated the process to arrive 

at our final prototype. Appendix A walks through a detailed description of our process at the 

component-by-component level. Another team should be able to take this document and recreate 

our solution by following the same logical processes. 

2.2. Alternatives & Development 

When we first approached this problem, it was very easy to conceptualize quick system changes 

to improve upon Genesis’s design. Qualitatively, the group agreed that the FarmBot had two 

systems in particular that could use the most improvement. The first was the locomotion system, 

which was unreliable and difficult to manage. The second was the tooling system which required 

excessive precision, did not function well, and was constructed of 100+ small parts. 

Locomotion system alternatives that we developed were boiled down into three main types: 

wires in tension, wheels and belts or leadscrews on a linear track, and rotational systems with a 

central angular axis. Each alternative was evaluated in a trade-off matrix, ultimately with ‘wires 

in tension’ largely ruled out due to electrical complexity, and belts due to the number of small 
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parts and challenging assembly. We instead choose to rely on linear rails and stainless 

leadscrews since we felt they were far easier to install and less vulnerable to weather than the 

plastic belts. Later in our process, concern was raised about leadscrew vibrational excitation due 

to the motor driving frequencies. We found the first mode of our leadscrew to be at ~18 Hz and 

the motor excitation at our operational 130 rpm to be ~2 Hz, thus ruling this out as a major 

concern.  

Tool head alternatives fell into three categories as well: multiple heads (Genesis system), all-in-

one multi-tool, and tool heads with individually articulating components. Table 3 is the 

alternative matrix used to evaluate these designs based on how well they would fulfill our 

objectives. The numerical values reflect a group consensus determined through napkin 

calculations, thought experiments, and conceptual drawings; to rate each design relative to the 

others from worst (1) to best (10). Individual and articulating tool heads were eventually ruled 

out due to their mechanical complexity. We could not conceptualize clean ways to make multiple 

tool systems simpler, or cheap ways to add another degree of mechanical articulation to the 

FarmBot, thus leading us in the direction of the universal tool. 

 
Table 3: Tool Head Alternatives Matrix 

Criterion Cost Buildability Simplicity # Parts Feasibility Maintainability Plant Viability Totals 

Weight 2 2 1 1 2 1 2  

Vertical Rotation 3 5 4 5 5 6 8 57 

Prismic Rotation 5 5 5 5 4 6 8 60 

Retracing Tool Heads 4 5 5 3 3 2 7 48 

Flip-up seeder 6 6 7 6 6 7 7 70 

Universal Tool - Vertically offset seeder 9 10 9 8 9 4 5 87 

Universal Tool - Horizontally offset seeder 9 10 9 8 9 4 5 87 

Integrated Seeder (one-way flap) 8 8 8 7 7 5 5 76 

Dual tool heads 3 4 4 3 4 4 6 45 

Universal Tool Mount 6 5 5 5 5 8 8 66 

Drop Seeds from cross-slide 8 7 6 6 3 4 3 58 

 

Many of the solutions we considered required the user to prepare a garden, or already have a pre-

prepared garden. Alternatives were considered that eliminated this need through implementation 

of all-terrain wheels that could navigate the garden bed independent of terrain shape and size. 

Ultimately, these designs were rejected because their complexity and necessarily broader set of 

requirements that put them outside of our scope. Since Genesis actually requires the user to have 

or to build a raised bed, we felt comfortable settling with designs that still required some garden 

prep.  

Our alternative development and evaluation (up to the PDR) led to our first prototype: a “rotating 

crane” model, with a universal tool system and cantilevered gantry driven by a single motor with 

an integrated planetary gearbox. This first prototype relied on roller bearings for rotation, 80/20 

aluminum framing, and a set screw to join the gantry to the rotational motor. While we were able 

to get all axes of this prototyping working, it suffered from severe tolerance issues and presented 

major structural concerns. Additionally, we observed a ~1Hz vibration in the gantry, which was 
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cause for serious redesign. Table 4 describes the major changes made to mitigate these issues in 

our second prototype. 
Table 4: First Prototype vs. Second Prototype 

Element First Prototype Second Prototype Reason for Change 

Component 1st Prototype 2nd Prototype Justification 

Major Structural Material T-Slot Framing 
Stock Extruded 

Aluminum 

Cost reduction, ease of assembly, increased 

rigidity and factors of safety 

Pivot/Gantry Joint T-Slot Joiners, Brace Bracket Welded joints & Truss 
Easier for user to assemble, fewer parts, 
stronger/stiffer assembly 

Rotational Brace System Multiple Rolling Bearings Single Sleeve Bearing 

Allows for tighter tolerances and less deflection, 

fewer parts, easier assembly, smoother 
movement 

Rotational Motor 
NEMA 14, 100:1 planetary 

gearbox 

NEMA 17, 100:1 

planetary gearbox 

More power was necessary, motor was audibly 

unhappy with load  

Rotational Motor Coupler D-Shaft/Set-Screw 
Keyway/Hexagonal 

Coupler 

D-shaft coupler was incredibly difficult to use, 
required loose tolerances. Coupler easier to 

assemble and provides much more reliable 

contact 

Leadscrew Thread Count 3/8-8 1-Start 3/8-8 4-Start 
Original leadscrew was too slow for our 

requirements 

Cable Carrier Several Individual “Holders” 
Cable carrier runs 

directly on gantry 
Fewer parts, easier to assemble 

Homing Position/Support Non-existent Present Reduce consequences of failure modes 

More changes were made as we continued to iterate through our design process this term: 

additional v-wheels were added to support the Z and R axis to reduce rocking and instability, 

metal stakes were added to further constrain the wooden legs to mitigate tipping effects, and 

extra wood screws added to improve the strength of the bond between the metal base and the 

wood legs. The last large change was the addition of the catch; a stable ‘homing’ support for the 

gantry to rest upon during periods of non-operation. The catch was strongly recommended by 

our PDR review board and 

reduces the consequence of 

failure modes due to extreme 

weather and rogue loading. 

Figure 2 shows a completed 

model with all of our final 

design changes present.  

Taking into account levels of 

design-decision making, we used 

a design tree to guide us through 

our process. Figure 3 is an 

abridged version of our design 

tree. In each design step, we 

optimized for simplicity and 

affordability. Note that we only verified hardware functionality, though did make some of our 

mechanical design decisions in order to make room for future software and electronics (e.g. 

Micro Switches) systems.  

 
Figure 2: CAD Model of FarmBot Eden 
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2.3. Design for Manufacture 

Established Design for Manufacture (DFM) techniques facilitated improvements in cost and 

simplicity throughout our project. “The greatest improvements [from DFM] arise from 

simplification of the product by reducing the number of separate parts” [8]. We relied heavily 

upon the following three core DFM criteria to evaluate each part in our assemblies: [9]  

 Does the part move relative to all others? 

 Must the part be a different material or isolated from all other parts? 

 Must the part be separate from all other parts because otherwise the assembly or 

disassembly of all other parts would be impossible? 

Our gantry, which ships as one pre-welded/riveted piece, exemplifies our implementation of 

DFM. The Genesis’ gantry equivalent is comprised of three structural components, several 

connectors, and dozens of fasteners. Heeding DFM techniques we reduced the number of unique 

parts to make assembly easier and replaced fasteners with snap-on and press-fit parts where 

possible [10]. We reduced the amount of fasteners and unique fasteners by “counter-boring” 

screw holes in different injection molded parts so that they could all use the same cap-head 

screw. We also used an online DFM checklist to aid in our design process [11]. 

 

Additionally, responding to advice from Vicki May, we reduced the number of legs from four to 

three. This allowed us to improve the stability and decrease the weight of FarmBot Eden. 

Considering Professor Lasky’s industry experience, we opted for sensors to bypass strict 

mechanical specification requirements (e.g. limit switches v. encoders). In general, sensors are 

more cost-efficient than passive systems. Lastly, common factory production techniques such as 

metal stamping and casting informed the final design of our cast base, which were largely 

explained to us by Kevin Baron.  

 
Figure 3: Abbreviated Design Options Tree 
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2.4. Solution Specific Requirements 

After choosing our “rotating crane” model, we developed  

Table 5, a set of solution-dependent requirements, to specifically define our design’s function 

and capability. 

Table 5: Solution-Dependent Requirements 

Number Requirement Required Metric Justification 

19 Seeding Reliability: Bin to Ground 95% Higher than observed FarmBot Genesis rate of 80% (Appendix E) 

20 Solenoid Water Valve Reliability 95% <.05% chance of going 2 days without water 

21 Weeding Tool  Reliability 100% 
Observed no weeding mechanical failures in Genesis, effective 
weeding capability still dependent on computer vision software beta 

22 Rotational System Accuracy <1.1 degrees Calculations that determine these numbers 

are shown in Appendix A1 (page A-7,  

 

 

 

 

 

 
Table 14) 

23 
Gantry End Deflection under 20 lbf 

load 
<10mm 

24 Cross-Slide Position Accuracy <.25" 

25 Tool functional area >2.5" Diameter Functional with 1.25" precision tolerance 

26 Rotational theta=0 to theta=pi time <60 seconds 

Allows FarmBot Eden to go from any one point in the garden to 
any other in less than 1 minute, which is similar to the FarmBot 

Genesis 

27 
Cross-slide time to run length of 
gantry 

<60 seconds 

28 
Z-axis time from lowermost to 

uppermost position 
<60 seconds 

29 Functional Gantry-End Load 2x weight of gantry 
Allows operation with a factor of safety of 2 (our Z-axis and Cross-

slide plate weighs 10 lbs.) 

30 Maximum Gantry-End Load 5x weight of gantry 
Approximately enough to support small child based on initial 

gantry weight modeling 

31 
Center of Mass with Maximum 

Gantry-End Load 

Inside triangle 

defined by legs 
Must not tip over if max load is applied to Gantry 

2.5. Testing 

Table 7 (page 9) shows a unified testing description list (solution dependent & independent), and 

the resulting metric and requirement pass/fail qualifications for each test are shown in Table 8 

(page 10). In addition to these tables, there are three tests worthy of more detail in the body of 

this report: the seeding reliability test, rotational and cross slide accuracy, and locomotive 

precision. Appendix C describes all of the tests we 

performed in more detail. 

 

Seeding Reliability Test: We used a current sensor 

and an oscilloscope to visually detect if a seed  was 

picked up by the vacuum pump. Figure 4 shows 

differences in current on the order of ~50Ma that 

demonstrate the presence of a seed. If a pickup was  
Figure 4: Vaccum Pump Current  Figure 1 Seed test results, spikes are seeds covering valve 
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not detected, we would repeat the sequence three times before ‘failing’. If a seed was picked up 

successfully, the tool would then transport the seed to a location and plant it. Initially, the 

seeding process was successful 24 out of 30 trials. Every test that failed did so during the process 

of picking up a seed, and never during transport or placement. We hypothesized that loose dirt 

was compromising vacuum performance, and were able to increase the success rate increased to 

29 out of 30 trials after installing a line-filter to protect the pump. The addition of a low cost 

current sensor to our BOM proves that sensors can vastly improve the performance of the 

FarmBot without requiring a major mechanical redesign of a particular system. 

Precision and Accuracy Test: We set the FarmBot on a 

sheet of white paper to mark tool head locations for the 

solution independent test. We sent the tool head to thirty 

randomly generate points, two times, in order to test 

both accuracy (going to a specified point in the XY 

plane) and precision (returning to the same point). The 

accuracy error was 1.2 ± 0.5”. The precision error was 

1.2 ± 0.2”. Figure 5 is a representative diagram of the 

tool head’s accuracy, with the origin as the intended 

point. While our accuracy is far outside of the 1.25” 

requirement, precision is perhaps a more important 

metric because the tool head must be able to repeatedly return to the same plant. Accuracy error 

is mostly attributed to backlash in the coupler that locks the rotational motor onto the gantry. 

Furthermore, we could not cast the pivot base as intended, so we welded several parts to simulate 

the base; and deformation from the welding process caused gantry misalignment and therefore 

accuracy issues. 

Rotational and cross-slide accuracy tests: Using the same data from the test above, we took the 

recorded XY locations of the tool head and calculated the error in theta and radial axes to test 

against our solution dependent requirements. We found the average positional error in the theta 

axis to be 4.6 ± 0.6 degrees, and 0.2 ± 

0.03” in the R-axis. A separate R-axis 

test was within 0.1in every time, which 

leads us to believe there was human 

error in the XY measurement for the 

initial test. Table 6 is the calculation 

spreadsheet that we used to determine 

reasonable requirement specific 

thresholds for our axes, and more 

statistical results are available in 

Appendix 5.C13.  

Figure 5: Precision Accuracy Marker Plot 

Table 6: Solution Dependent Accuracy Definition 
 

Calculation Value Description Req Value 

Possible Rotational 
Variance 

Rotational Motor Backlash+Tolerance (degrees) 1.1 deg 

Arm Length (inches) 60 

Rotational Possible Variance (inches) 1.15 

Possible Variance from 

Gantry Deflection 

Gantry end deflection at 20 lbf load (mm) 10 mm 

Gantry deflection angle (degrees) 0.37 

Z-axis deflection angle (degrees) 0.37 

Z-axis length (inches) 30 

Z-axis Possible XY Variance (inches) 0.19 

Cross-Slide Maximum Possible Variance (inches) 0.25 in 

 Total Possible Location Variance MSE 1.19 

 Accuracy Requirement 1.25 

 



9 

 

Table 7: Requirements Testing 

Number Test Justification  

1 Create full BOM and cost breakdown Comprehensive way to estimate production cost to justify sale price 

2 Time 1-2 non-engineers assembling FarmBot Eden Direct test to measure ease of assembly 

3 
Make CAD Model of Box with all parts inside, 

determine box size 
Simplest way to evaluate box size 

4 Freeze for 12 hours, thaw, attempt to operate as normal Direct test to measure freeze resistance 

5 Cover in an insulating blanket, heat to 54.4°C, operate 
Direct test to measure operability in heat, hope to expose overlooked heat 
sensitive components 

6 Apply 46 MPH wind, operate after exposure Detects whether wind would break the FarmBot Eden  

7 Project lifetime wear based on tabor wear scale Best reasonable method to evaluate potential product lifetime 

8 
Calculate worst case UV wear of at-risk parts over 5-

year lifetime 
Best reasonable method to evaluate EV wear on system 

9 Standard IPX4 Test Industry standard product waterproofing test 

10 Coat lightly with sediment ~10 microns in size, operate  Simulation of what FarmBot might experience in dusty conditions 

11 

See Table 1: Solution-Independent Requirements See Table 1: Solution-Independent Requirements 12 

13 

14 
Move to a set of 30 random points, measure deviation 
from true location 

30 points are minimum sample size for a t-test, as a rule of thumb [12] 

15 Send from one end of the garden to the other Direct test to measure cross-garden speed 

16 Calculate available usable area accessible by tool head Basic yes/no test 

17 
Move to all max + min position combinations and 
verify no tangle 

This tests the extremes of the tubing displacement. Test assumes software 
limits rotation between 0-2π rad to avoid tangle 

18 Is FarmBot Eden a CNC Gardening Machine? This is a basic yes/no test 

19 
Test seeding method 30 times, count times the seeder 

lifts from seed bin and plants underground successfully 
A discreet distribution requires 30 points to be 95% confident of a result 

20 
Test watering method 30 times, count times the water 

correctly turns on. 
A discreet distribution requires 30 points to be 95% confident of a result 

21 
Test weeder blades 30 times by pushing them into soil. 

Cannot break. 

Tests strength of weeder blades. Precision is an alternate specification. 

Weed identification via computer vision is out of scope for our project. 

22 
Send FarmBot Eden to 30 random points, measure max 

theta deviation. 
30 points are minimum sample size for a t-test, as a rule of thumb [12] 

23 Check FEA and observe physical deflection Important to design with FEA and verify physically. 

24 
Send FarmBot Eden to 30 random radial points, 
measure avg. R deviation 

30 points are minimum sample size for a t-test, as a rule of thumb [12] 

25 Measure tool head functional area Direct test to establish tool head functional gardening area 

26 Measure avg. time to rotate from theta=0 to theta=pi Direct test to measure rotating time 

27 
Measure avg. time for cross-slide to run length of 

gantry  
Direct test to measure cross-slide movement time 

28 
Measure avg. time for Z-axis to move from top to 

bottom 
Direct test to measure Z-axis movement time 

29 Apply additional 20 lbf to gantry, operate as normal Operating load is defined as 2x gantry weight (10lbf) 

30 Apply additional 50 lbf to gantry, check for failure 
Maximum load is defined as 5x gantry weight (10lbf), failure defined as 
permanent bending or breaking of structure 

31 Apply additional 50 lbf to gantry, check for tipping Direct test to evaluate stability of Pivot Base System 
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Table 8: Requirements Testing Results 

Number Requirement Measured Test Metric Test Result Notes 

1 Sale Price $300 $775 Fail 
See BOM. Should have renegotiated with sponsor 
earlier in project to meet project functional goals 

2 Building Time <16 hours 7.25 Pass 7.25 person-hour mechanical build time recorded 

3 Box Size <6’x3’x2’ 5.2’x2’x1.7’ Pass 
Minimum box size is 62”x20”x24" based on 

CAD model of disassembled components 

4 Minimum Temp (USDA Zone 5+) Operational Pass  
Placed mechanical components outside during      
-6C night, pass assuming user brings electronics 

inside during winter 

5 Maximum Temp 54.4°C Operational Pass 
There was no mechanical binding or structural 
degradation after this test 

6 Wind Resistance up to 46 MPH N/A 
Pass 
(Conditional) 

Unable to perform physical test, but hand 

calculations based on cross sectional areas and 

motor holding torque demonstrate a pass 

7 Product Lifetime >5 years N/A Untested Could not source appropriate research material 

8 UV Resistance >5 years <5% degradation Pass 
Only PC and Nylon components are at-risk, they 

will not degrade significantly (<5%) [13] [14] 

9 Water Resistance Operational Pass System fully functional after standard IPX4 test 

10 Sediment Resistant N/A 
Pass 

(Conditional) 

Observed theta and Z axis function perfectly, 
however noted difficulty in R axis with sediment 

packing into leadscrew block  

11 Seeding 98% Reliability Pass See Requirement #19 

12  Watering 100% Reliability Pass See Requirement #20  

13  Weeding 100% Reliability Pass  See Requirement #21 

14 Tool Location Tolerance 
Avg. Accuracy ~ 2.2” 

Avg. Precision ~ 1.2” 
Fail 

Accuracy failed due to theta slop, tilting, and 

support column construction defects. Regardless, 
precision of system still quite good 

15 Cross-Garden Speed 55 Seconds Pass N/A 

16 Coverage Area 51 Sq. feet Pass Considering outer/inner radius & wood plank area 

17 Cable Management No Tangle Observed Pass 
Ran all axis to extreme + observed total 2 hours 

of operation without failure 

18 CNC Gardening Machine N/A Pass N/A 

19 Seeding Reliability 98% Reliability Pass 
Able to pick up & move seed reliably with 

addition of current sensor and filter 

20 Solenoid Water Valve Reliability 100% Reliability Pass 
Solenoid valve, cables, and tool head are reliable 
to deliver sufficient water to garden 

21 Weeding Tool Reliability 100% Reliability Pass  

Tool head can perform identically to Genesis, full 

functionality: still dependent on untested 

computer vision functionality 

22 Rotational System Accuracy 4.57deg Avg. Error Fail 
Failed due to mechanical slop between motor and 

gantry coupling 

23 Gantry End Deflection under 20 lbf load 
4.0mm FEA 

4.8mm Observed 
Pass Measured gantry w/ and w/o load, calculated diff. 

24 Cross-Slide Position Accuracy 0.1” Max Error Pass 
All measurements within 0.1” of expected, 

validated decision to utilize long leadscrew 

25 Tool functional area 2.5" diameter Pass Size of tool head based on CAD measurement 

26 Rotational theta=0 to theta=pi time Avg. 28 seconds Pass Average time over 10 trials 

27 Cross-slide time to run length of gantry Avg. 55 seconds Pass Average time over 10 trials 

28 
Z-axis time from lowermost to 

uppermost position 
Avg. 25 seconds Pass Average time over 10 trials 

29 Functional Gantry-End Load Operational Pass No observable/measurable change in performance 

30 Maximum Gantry-End Load No failure Pass No observable/measurable change in structure 

31 
Center of Mass with Maximum Gantry-
End Load 

No tipping 
Pass 
(Conditional) 

Passed with counterweights simulating ground 

stakes. Conditional because untested ground stake 

holding force due to frozen ground  
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3. Deliverables 

3.1. Bill of Materials (BOM) 

Appendix B contains the BOM for FarmBot Eden and presents all of the information specified 

in our deliverables summary. The final estimated sale price (at quantity of 10,000 units) is $775, 

which amounts to a 70% reduction from FarmBot Genesis to the consumer. The BOM is 

organized by subassembly. Further information on the estimated sales price is available in our 

take-to-market report (section 3.7). The price point is more than double what our sponsor asked 

for, so we should have renegotiated the price requirement or modified functionality to bring price 

down. That being said, our sponsor has expressed general satisfaction in the direction of our 

project and recognized the exceedingly ambitious nature of this goal. 

3.2. Fully Functional FarmBot Genesis 

We built a working FarmBot Genesis to benchmark the state of the art design. The model 

demonstrated weeding, watering, seeding, and location accuracy that generally matched product 

specifications on the FarmBot website. We only tested this model for base functionality but did 

not perform rigorous statistical analysis. Our main conclusions from this exercise were that the 

tool head and locomotion systems needed to be redesigned due to their respective complexity, 

number of parts, and difficulty to assemble. See Appendix E.  

3.3. Mechanically 

Functional FarmBot Eden 

Our constructed “works and 

looks like” prototype (Figure 

6) fulfills the mechanically 

functional requirement for this 

deliverable. This design does 

not utilize many of the 

proposed final manufacturing 

procedures such as casting 

aluminum or stamping sheet 

metal, due to available 

resource restrictions. Table 9 

summarizes the major cost, part count, and assembly time differences between FarmBot Eden 

and FarmBot Genesis. 
Table 9: FarmBot Eden vs. FarmBot Genesis 

Element FarmBot Genesis FarmBot Eden Change (%)  

Manufacturing Cost $2200 [15] $450 79.5 

Sale Price $2595 $775 70.1 

Total Number of Parts 1035 162 84.3 

Number of Unique Parts 92 59 35.8 

Build Time (Person-Hours) 31 7.25 76.6 

 

 
Figure 6: Assembled Prototype 
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This design failed three of our requirements and specifications, most notably the cost 

requirement and positional accuracy specification. We were off our accuracy metric by about 3 

degrees. As discussed above (and further in section 4), this can mostly be attributed to backlash 

in the coupling between the motor and rotational column. Ultimately, FarmBot Eden is able to 

move the tool head in the (R, θ, Z) directions with an accuracy of 4.6 degrees in the θ direction 

and 0.1” in the R direction, and return to within 1.2” of a given point on average. This allows it 

to seed, water, and weed a garden nearly as well as FarmBot Genesis and be mechanically 

functional, with full functionality possible following the application of our suggested next steps. 

3.4. Detailed Assembly Notes 

We created a website that includes basic documentation on FarmBot Eden, including instructions 

and tutorial videos that describe how to assemble the mechanical portion of the design. The 

website also has a labeled photo inventory of every part. This resource successfully lead two first 

year students through a trial assembly of our prototype, finishing with a total build-time of 7.25 

person-hours: nearly a quarter of the time it took to build FarmBot Genesis. The website address 

is: https://farmboteden.wordpress.com/. Sample pages of our website can be seen in Appendix 

D. 

3.5. Detailed Design Documents 

All of our CAD Files that reflect our current iteration of 

design can be found online through Onshape [16], a free (for 

students) open-source CAD hosting service. The files can be 

found via hyperlink through the following page of our 

website: https://farmboteden.wordpress.com/page/cad-

drawings/. A sample page is shown in Figure 7. This paper 

is hosted on our site as well so that others can view the rest 

of our design narrative and process. 5.Appendix A shows 

our design narrative through a logical progression of hand 

calculations and analysis of alternatives.  

3.6. Analysis Documentation 

This deliverable is fulfilled by the testing and analysis 

documented in Section 2.5, Appendix A, and Appendix C. 

The aggregate of these documents records the totality of 

analysis done during this project and fulfills the 

specifications outlined in our deliverables table. In total, we 

passed 24 of 31 requirements, and conditionally passed 

another three.  

3.7. Take-To-Market Report 

We estimated a Target Addressable Market of 28,000 units based on the US Population of 

320MM, as seem in as seen in Figure 8. Our target family is a suburban family (53% of US Pop) 

with a growing season of 5+ months (85% of US Pop). Of those people, we conservatively 

guessed that three people in a typical 16,000 person town would own a FarmBot Eden within the 

next four years if cost has no significant influence on their purchase decision. This guess is 

 
Figure 7: Example Page from our Website 

https://farmboteden.wordpress.com/
https://farmboteden.wordpress.com/page/cad-drawings/
https://farmboteden.wordpress.com/page/cad-drawings/
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extremely reasonable considering that AeroGarden’s $200 hydroponic herb garden sold 100,000 

units in their first year [17]. 

 

Our market survey indicated that consumers followed a 

cost-elasticity curve defined by a Gaussian function, 

𝐴𝑒−(𝑥 716.9)⁄ 2

, where A is the TAM and ‘x’ is the sales 

price. Figure 9 shows how well the approximation fits 

our survey of 32 people. 

We also estimated a sigmoid cumulative sales model, 

shown in Figure 10, over four years which follows the 

curve of 28,000 (1 + 𝑒−2𝑥)⁄ , where ‘x’ is the number of 

years from -2 to 2 and the numerator is the TAM. By 

multiplying these two equations together, we can 

determine the annual sales of the FarmBot Eden at a 

specific price point. 

We estimated a facility of 10,000 sq. ft. for the first and 

last year, when sales are less frequent, and 20,000 sq. ft. 

for the middle two years. Warehouses are typically 

$14/sq.ft./year which includes rent, HVAC maintenance, 

electricity, and property insurance [18]. 10,000 sq. ft. can store up to 550 FarmBots at any given 

time, even if every bot is laid out on the ground. We expect an 80% compression in storage space 

when the components are grouped. We also assumed that a manager will make $45,000 per year 

in our warehouse, and each floor employee can package 3500 FarmBots per year, or roughly two 

per hour, at the median individual US salary of $30,000 [19]. The employees are simply packing 

boxes, no assembly required. 

Molds for upfront costs will be an additional up-front cost of roughly $373,425 [20] [21]. Using 

a sensitivity study of discount rate and price, our DCF worksheet adjusts the total units sold and 

outputs a Net Present Value (NPV) for the project. The ‘material cost’ is the total sum of the part 

costs ordered from suppliers overseas (e.g., tooling, welding, raw material) of a single FarmBot, 

as seen in the BOM. We will sell the FarmBot through our own website, and bill customers for 

shipping. Our advertising budget is $37,500, which is based on AeroGrow spending 15% of their 

net revenue on advertising [17]. Accounting fees are typically $5000 per year, legal fees are 

typically 0.38% of revenue, and insurance costs are typically $3000 per $1MM of coverage [22] 

[23]. Misc. expenses such as website hosting, telephone, office supplies, and will be another 

$3000 per year. 

320	MM

53%

85%

3	/	16,000

28,000
Units

x x x
=

Figure 8: Target Adressable Market Estimate 

Figure 9: Price Elasticity Distribution 

Figure 10: Cumulative Sales Distribution 
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Table 10 calculates the expected NPV of 

the FarmBot Eden to be over $1.2MM. We 

also studied the effect of manufacturing 

cost against optimal sales price and found 

that for every $1 in sales price we drop, we 

gain roughly $9200 in additional value.  

A better approach to our price specification 

would have been to choose a fixed ROI 

length of time, then work backwards to 

determine the pricepoint. Even if we 

choose two years as our target ROI, this 

would have given us almost double the 

manufacturing budget, which would allow 

for more expensive production operations which could greatly improve our design [24]. During 

our development process, we shied away from expenses because we worried about hitting our 

price point, rather than focusing on getting the device to work exceptionally well.  

4. Recommendations for Future Work 

While FarmBot Eden made great strides in increasing overall product accessibility, there are still 

some mechanical components that could use redesign. Our primary concern is backlash in the 

rotational coupling system which lead to inaccuracy in our tool head location testing. This 

backlash created a “dead zone” of up to 9.5” of arc length within which the gantry location was 

unknown. Figure 11 gives a clear explanation of this backlash. This effect was caused by 

tolerance issues with our machining that caused small angle slop at the gantry-motor coupler, 

which led to large tool head displacements when multiplied by the length of the gantry, 

according to the equation arc length = displacement angle times radius. Solving this problem 

requires a redesign of the coupler system, or a way to keep the gantry at a fixed position within 

the backlash range. Solutions might include a lock-on shaft, a 

spring pushing the gantry against one of the backlash edges, or a 

press-fit coupler.  

Another issue of concern was tipping/leaning of the gantry. As 

we observed during testing, at certain points during rotation the 

gantry weight would cause the opposite wooden leg to lift 

slightly off the ground. Furthermore, under max load and without 

supporting counterweights, FarmBot Eden tipped over entirely. 

We initially mitigated this issue with the addition of metal stakes 

used to hold down each leg, although further investigation is 

needed to confirm their strength. Another solution may be to 

increase the length of each leg by roughly 6” so that cinder 

blocks may be placed as counterweights to prevent tipping. When 

testing this solution, FarmBot Eden did not tip over under max load. Cinderblocks can weigh as 

much as 35+ lbs and cost less than $2 apiece [25], adding little cost and impact to the design. 

 
Figure 12: Press-Fit Coupler Concept with Draft Angle 

to Reduce Backlash 

 
Figure 11: Visual explanation of mechanical 

 slop 

Table 10: Cash Flow Anlaysis 

Year 1 2 3 4 

Quantity 1088 3263 3263 1088 

Price  775   775   775   775  

Revenue  843,004   2,529,011   2,529,011   843,004  
          

Material cost  (413)  (413)  (413)  (413) 

Facilities  (140,000)  (280,000)  (280,000)  (140,000) 

Employees  (75,000)  (75,000)  (75,000)  (75,000) 

Advertising  (37,500)  (37,500)  (37,500)  (37,500) 

Insurance  (3,000)  (3,000)  (3,000)  (3,000) 

Legal Fees  (3,203)  (9,610)  (9,610)  (3,203) 

Misc Office (3,600) (3,600) (3,600) (3,600) 

Init Tooling  (227,204)  -   -   -  

Outflows  (934,918)  (1,752,143)  (1,752,143)  (707,714) 
          

Cash Flow  (91,915)  776,868   776,868   135,289  

Discount Rate 10% 10% 10% 10% 

Disc. Factor 0.9091 0.8264 0.7513 0.6830 
     

DCF  (83,559)  642,040   583,672   92,404  
     

NPV  $1,234,557          
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Since our radial leadscrew failed its dust test, we would recommend designing in a cover or other 

protective system to mitigate this failure mode in the future. 

Our plastic parts will require small mechanical changes as well, since they are intended to be 

injection-molded, but were only 3-D printed for the sake prototyping speed and cost. The design 

was not finalized to work in an injection mold, so elements such as draft angles and fillets still 

need to be added before the parts could be molded at a production level. The same goes for the 

aluminum casting of the pivot baseplate. Another change to consider is switching the truss 

orientation so that the truss is a beam in tension rather than compression. The current design 

could interfere with taller plants, and this change would not make a substantial difference in cost. 

In addition, there is more DFM work to be done. We effectively created an entirely new FarmBot 

design; and though we approached the design process from a DFM standpoint, there is always 

more DFM refinement that can be done. For this reason, we would encourage future developers 

to continue to approach the project with the same mentality outlined in our DFM section. 

Lastly, there are some development aspects defined to be outside the scope of our project, but 

that must be addressed regardless. First is a redesign of the software suite that runs the FarmBot. 

Currently, FarmBot interface requires relatively high programming literacy as each task the 

device performs has to be coded in manually. For example, to water a plant, the watering 

function must be written to include each intended watering location, then instructed to turn on 

the specific digital pin on the Arduino that controls the water. This system is tedious and greatly 

reduces the accessibility of the FarmBot. For these reasons, a team of software engineers is 

necessary to redesign the user interface.  

To this end we also recommend the development of a new electrical system. Currently, the 

FarmBot is powered by the combination of an Arduino, Arduino Shield, and Raspberry Pi 

connected to a power supply. Newer FarmBot models use a combined Arduino and Stepper 

motor shield called the “Farmduino,” but still require a Raspberry Pi and power supply. While 

the current system allows for open source development and gives users the chance to make their 

own alterations to the design, this system should be reduced to a single custom PCB to lower 

cost and complexity. Furthermore, an electronics redesign team should look at how the electronic 

components are wired, and redesign the wiring method of the system to reduce the number of 

wires and associated components necessary. 

5. Conclusion 

In conclusion, FarmBot Eden met most of its requirements, but still has some shortcomings that 

must be addressed before it can become a marketable product. Compared to FarmBot Genesis, 

FarmBot Eden has reduced the part count (that the user sees) by 88 percent, the sale cost by 70 

percent, and the assembly time by almost 24 hours. These advances make up the core motivation 

and the most important results of our project. FarmBot Eden passed 28 out of 32 requirements 

and specifications tests. The most pressing weaknesses to address are the inaccuracy caused by 

the mechanical backlash in the rotational coupling system, the obtuse nature of the interface that 

controls FarmBot, and the overly expensive and complicated electronic system. We hope that our 

documentation and recommendations provide firm basis for further projects; as we believe 

FarmBot truly has the potential to revolutionize backyard farming.  



16 

 

Works Cited 

 

[1]  C. Beytes, "A College Class Asks: Why Don't People Garden?," 27 June 2013. [Online]. 

Available: 

https://www.growertalks.com/Article/?articleID=20101&highlight=manchester+university. 

[Accessed 25 Sept 2017]. 

[2]  "OpenFarm," [Online]. Available: openfarm.cc. 

[3]  G. H. &. C. Jones, "INVENTORY OF CARBON & ENERGY," 2008. [Online]. Available: 

http://www.organicexplorer.co.nz/site/organicexplore/files/ICE%20Version%201.6a.pdf. 

[4]  F. e. a. Stoessel, "Life Cycle Inventory and Carbon and Water FoodPrint of Fruits and 

Vegetables," Environmental Science & Technology, vol. 46, no. 6, p. 3253–3262, 2012.  

[5]  Ikea, "HEMNES," Ikea, 2017. [Online]. Available: 

http://www.ikea.com/us/en/catalog/products/S99240652/. [Accessed 28 February 2018]. 

[6]  National Weather Service, "Beaufort Wind Scale," National Oceanic and Atmospheric 

Administration, [Online]. Available: https://www.weather.gov/mfl/beaufort. [Accessed 1 

March 2018]. 

[7]  FarmBot Inc., "Weed Detection," [Online]. Available: https://software.farm.bot/docs/weed-

detection. [Accessed 1 March 2018]. 

[8]  J. Hall, Interviewee, Design for Manufacture Processes. [Interview]. Oct 2017. 

[9]  D. K. Boothroyd, Product Design for Manufacturing and Assembly, Kingston, RI: Marcel 

Dekker, Inc., 1994.  

[10]  B. Swift, Manufacturing Process Selection Handbook, Waltham, MA:: butterworth-

Heinemann Publications, 2013.  

[11]  "DFM/A-SampleChecklist," Quality One, 2012. 

[12]  V. Vaze, Statistical Methods of Engineering, Hanover, NH, 2017.  

[13]  R. a. S. K. Shamey, "A Review of Degradation of Nylon 6.6 as a Results of Exposure to 

Environmental Conditions," [Online]. Available: 

http://onlinelibrary.wiley.com/doi/10.1111/j.1478-4408.2003.tb00147.x/pdf. [Accessed 25 

Feb. 2018]. 

[14]  G. a. B. L. Tjandraatmadia, "The Effects of Ultraviolet Radiation of Polycarbone Glazing," 

[Online]. Available: https://www.irbnet.de/daten/iconda/CIB1832.pdf. [Accessed 25 Feb. 

2018]. 

[15]  R. Aronson, Interviewee, V1.3 and Alternate Models. [Interview]. 4 Oct 2017. 

[16]  Onshape, "Onshape," [Online]. Available: https://www.onshape.com/. [Accessed 2017-

2018]. 

[17]  J. M. Wolfe, "Shareholder Letter: Fiscal Year 2015," AeroGrow, Boulder, CO, 2015. 

[18]  Austin Tenant Advisors, "What Costs Are Involved When Leasing Warehouse Space?," 5 

Nov 2014. [Online]. Available: https://www.austintenantadvisors.com/blog/costs-involved-

leasing-warehouse-space/. 



17 

 

[19]  US Census Bureau, "CPS Population and Per Capita Money Income, All Races," 2016. 

[20]  "(MIG) Welding Cost Model," MTI Systems, [Online]. Available: 

https://www.mtisystems.com/costmodels/Welding-Mig.php. 

[21]  CustomPart.Net, "Cost Estimator: Die Casting & Injection Molding," [Online]. Available: 

http://www.custompartnet.com/estimate/. [Accessed 2017]. 

[22]  SCORE Association, "A Look at Accounting and Taxes," 22 January 2015. [Online]. 

Available: https://www.score.org/resource/infographic-look-accounting-and-taxes. 

[Accessed 2018]. 

[23]  Business Wire, "HBR Law Department Survey Finds Only Moderate Increase in Total 

Legal Spending," Oct 2015. [Online]. Available: 

https://www.businesswire.com/news/home/20151008005223/en/Annual-HBR-Law-

Department-Survey-Finds-Moderate. 

[24]  FarmBot Inc., "ROI," FarmBot Inc., [Online]. Available: https://farm.bot/roi/. [Accessed 

28 February 2018]. 

[25]  Lowes, "Concrete Blocks," [Online]. Available: https://www.lowes.com/pd/Common-8-in-

x-8-in-x-16-in-Actual-7-625-in-x-7-625-in-x-15-625-in-Standard-Cored-Concrete-

Block/3608978. [Accessed 1 March 2018]. 

[26]  Newsworthy Trends, "Tend of Power (Tools) to the People Grows," [Online]. Available: 

www.napsnet.com/pdf_archive/119/68980.pdf.. [Accessed 23 Feb. 2018]. 

[27]  K. Baron, Interviewee, Machine Shop Director, Thayer School of Engineering. [Interview]. 

Fall 2017/Winter 2018. 

[28]  ASM, "Aluminum 6061-T6; 6061-T651," [Online]. Available: 

http://asm.matweb.com/search/SpecificMaterial.asp?bassnum=ma6061t6. [Accessed 23 

Feb. 2018]. 

[29]  ASTM, "Aluminum 6061-T6; 6061-T651," [Online]. Available: 

http://asm.matweb.com/search/SpecificMaterial.asp?bassnum=ma6061t6. [Accessed 19 

Feb. 2018]. 

[30]  J. Hall, Interviewee, Design for Manufacturing. [Interview]. Oct 2017. 

 

 

 

 



A-1 

 

Appendix A Detailed Design Description 

A1. Method of Locomotion 

When designing FarmBot Eden, the first design decision we needed to make was whether to use 

a Cartesian locomotion system (as done in FarmBot Genesis) to move a tool head to a point (X, 

Y, Z), or whether to use a Polar locomotion system to move a tool head to a point (R, Ɵ, Z). We 

developed several of conceptual designs for each to evaluate Cartesian vs. Polar locomotion 

systems (Figure 13), then used a trade-off matrix (Table 11) to compare the two options at a 

high level. Our conceptual designs showed that while a Cartesian system would be easier to 

design, the Polar designs stood out by reducing material cost and the number of parts, as well as 

being generally simpler. Overall, the Polar design scored higher, so we chose to design a polar 

FarmBot Eden. 

 

 
 

 

 

 

 

 

 

 
Figure 13:  Cartesian Conceptual Designs (Top) and Polar Conceptual Designs (Bottom) 
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Table 11: Cartesian vs. Polar Locomotion Trade-off Matrix 

 

Category Cartesian Polar 

Material Cost 0 1 

Usability/Buildability 0.5 0.5 

Structural Integrity 0.75 0.25 

Simplicity 0 1 

Number of Parts 0 1 

Feasibility 1 0 

Maintainability 0.5 0.5 

Plant Viability 0.5 0.5 

Safety 0.5 0.5 

Totals 3.75 5.25 

 

After choosing a Polar locomotion system, we needed to decide how to drive the gantry in the Ɵ 

direction. Various alternatives were evaluated using the decision matrix in Table 12. Of the 

alternatives, a bottom-mounted stepper motor with an integrated planetary gearbox won out. The 

ratings for each design in the decision matrix were determined by comparing each design to the 

others using thought experiments, napkin calculations, and design analysis based on our 

conceptual drawings (i.e., they are relative ratings, not absolute ratings). This rating system 

applies to all decision matrices. 

 
Table 12: Theta Drive Alternatives Decision Matrix 

Criterion 
Material 
Cost Usability/Buildability Simplicity 

Number 
of Parts Feasibility Maintainability Totals Weight:1-2 

Weight 2 2 1 1 2 1  Rate: 1-10 

Turntable and external drive 3 5 4 5 5 7 42  

Worm gear system 3 2 5 3 3 5 29  

Column-top rotational joint 5 2 2 5 3 4 31  

Bottom mounted stepper motor 

with an integrated planetary 
gearbox 8 5 6 7 6 3 54  

External Tracked Driving 

Wheel 2 4 3 2 5 4 31  

External Free Driving Wheel 4 3 4 3 6 6 39  

External Support Wheel 5 5 5 6 8 4 51  

 

Our bottom-mounted stepper motor mount final design is shown in Figure 14. The motor bolts 

into the pivot baseplate, the motor shaft is supported by a flanged ball bearing, and the motor is 
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protected by a snap-on cover to weatherproof the assembly. Per recommendation from the Cal 

Poly Team, the motor is a high-torque NEMA-17 stepper motor with a 100:1 planetary gearbox. 

 

 
 

Next, we needed to decide how to drive the tool head assembly back and forth across the gantry. 

Basic design necessity regulated us to some kind of “cross-slide” cart to which a Z-axis 

locomotion system would mount, but there were several methods why which the cross-slide 

could be driven. Various alternatives were evaluated using the decision matrix in  

Table 13. According to the matrix, a leadscrew with v-wheels was the best method to drive the 

cross-slide. 

 
Table 13: Cross-Slide Drive Decision Matrix 

Criterion 

Material 

Cost Usability/Buildability Simplicity 

Number of 

Parts Feasibility Maintainability Accuracy Totals Weight:1-2 

Weight 2 2 1 1 2 1 2  Rate: 1-10 

Fixed Belt/W-

Wheels 7 4 5 5 8 3 5 61  

Leadscrew/V-
Wheels 7 9 8 8 7 8 10 90  

Pulley System 5 3 3 2 4 4 5 43  

Self-Roll Drive 8 7 8 8 5 5 6 73  

Slide Along Shaft 5 4 4 5 3 9 5 52  

 
Figure 14: Rotational Motor System 
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Our final cross-slide drive system is shown in Figure 15. The leadscrew is supported at its free 

end by an injection-molded support, which helps prevent leadscrew sag and deflection from 

modal vibrations. An abrasion-resistant Delrin leadscrew block (with a very low coefficient of 

friction) help prevent the leadscrew from binding, and flexible coupler accounts for any small 

leadscrew misalignment or angular differential. 

 

 
 

We performed a modal analysis in ANSYS on our stainless-steel leadscrew to determine if 

modal vibrations could be a problem. Test setup/results are summarized in Figure 16. The first 

mode of our leadscrew is at ~18 Hz. The only major risk to excite modes in the leadscrew is 

vibration from running the cross-slide motor. To avoid exciting this mode or any higher modes, 

we would run the cross-slide drive motor at a maximum of 900 RPM, so the motor would not 

vibrate at a frequency higher than 15 Hz. The leadscrew moves the cross-slide 0.5” per turn, so at 

900 RPM, the cross-slide could cross the 61” gantry in under 9 seconds, well within our required 

time of 60 seconds. Note: we actually run the motor at around 130 RPM (~2 Hz), so we do not 

even come close to exciting any leadscrew modes. 

 
Figure 15: Cross-Slide Drive System 
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It was apparent to us that the only really feasible way to drive the Z-axis up and down was with a 

leadscrew and v-wheels. Figure 17 shows our Z-axis drive system. The Z-axis leadscrew is 

roughly half the length of the cross-slide leadscrew, but not supported at its free end, so the first 

mode is at roughly the same frequency (~18 Hz). So, by applying the same motor RPM 

limitations, we avoid exciting any modes of the Z-axis leadscrew. Note: we actually run the z-

axis motor at about 130 RPM (~2 Hz), so we do not even come close to exciting any leadscrew 

modes. 

 
 

 
Figure 16: Leadscrew Model Analysis; Fixtures (Top) and First Mode, 18 Hz (Bottom) 
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Additionally, we determined that encoders on the drive motors were too expensive and 

unnecessarily accurate for our purposes. Instead, a zeroing micro-switch is used to periodically 

calibrate FarmBot Eden’s location. 

 

We calculated the accuracy required in the Theta- and R-Axis; as well as the maximum 

deflection, in order for FarmBot Eden to meet our accuracy requirement (it was from these 

calculations that we determined our solution-specific accuracy and deflection requirements). The 

calculations are summarized in  

 

 

 

 

 

 

Table 14. 

 

 

 
Figure 17: Z-Axis Drive System 
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Table 14: Individual Axis and Deflection Calculations 

Calculation 
Value Description 

Calculated 

Value 

Required 

Value 

Accuracy 

Requirement 

Possible Rotational Variance 

Rotational Motor Backlash+Tolerance 
(degrees) 1.018 1.1  

Rotational Motor Backlash+Tolerance 

(radians) 0.01776745179 0.01919862177  

Arm Length (inches) 60 60  

Rotational Possible Variance (inches) 1.066159299 1.152058854  

Possible Variance from Gantry 

Deflection 

Gantry end deflection at 20 lbf load (mm) 4 10  

Gantry end deflection at 20 lbf load (in) 0.157480315 0.3937007874  

Gantry deflection angle (radians) 0.002624665889 0.00656158562  

Z-axis deflection angle (radians) 0.002624665889 0.00656158562  

Z-axis length (inches) 30 30  

Z-axis Possible XY Variance (inches) 0.07874015748 0.1968503937  

Possible Variance in Cross-Slide 

Motor Accuracy (degrees) 1.8   

Motor Accuracy (radians) 0.03141592654   

Leadscrew Pitch 8   

Leadcrew Accuracy per turn (inches) 0.5   

Motor accuracy as fraction of full turn 0.005   

Cross-Slide Maximum Possible Variance 

(inches) 0.0025 0.25  

 Total Possible Toolhead Location Variance 1.069065907 1.195194412 1.25 

 

To calculate the Farmable area, we used CAD to measure the largest and smallest radius (Ro and 

Ri, in inches) that FarmBot Eden could send the tool to, calculated the available area, then 

subtracted the area that the legs prohibit FarmBot Eden using (𝐴𝐿 = 3 ∗ 𝑙 ∗ 𝑤). So, farmable area 

is 

 

𝐴 = 𝜋(𝑅𝑜
2 − 𝑅𝑖

2) − 3 ∗ 𝑙 ∗ 𝑤 = 𝜋(522 − 122) − 3 ∗ 60 ∗ 3.5 = 7412 in2 = 51 ft2 

A2. Tooling System 

Our requirements specified a system that was much less accurate than FarmBot Genesis (1.25” 

vs. 2mm). Since FarmBot Eden would not be precise enough to use the tool-interchange system 

that FarmBot Genesis employed, we needed a new tool system. Specifically, we needed a tool 
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system that did not require any tool interchanges, but instead, incorporated all tools into a single 

“universal” tool head. We developed several conceptual designs for tooling systems to evaluate 

against one another. These designs are shown in Figure 18. 

 
 

We used a decision matrix to evaluate the tool head conceptual designs against each other ( 

Table 15). Some sort of universal tool head, without any moving parts, was the design that won. 

 
Table 15: Tool Head Decision Matrix 

Criterion 

Material 

Cost Usability/Buildability Simplicity 

Number 

of Parts Feasibility Maintainability 

Plant 

Viability Totals Weight:1-2 

Weight 2 2 1 1 2 1 2  Rate: 1-10 

Vertical Rotation 3 5 4 5 5 6 8 57  

Prismic Rotation 5 5 5 5 4 6 8 60  

Retracing Tool Heads 4 5 5 3 3 2 7 48  

Flip-up seeder 6 6 7 6 6 7 7 70  

Universal Tool - 

Vertically offset seeder 9 10 9 8 9 4 5 87  

 

 

 
Figure 18: Universal Tool Head Conceptual Designs 
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Universal Tool - 

Horizontally offset 

seeder 9 10 9 8 9 4 5 87  

Integrated Seeder (one-
way flap) 8 8 8 7 7 5 5 76  

Dual tool heads 3 4 4 3 4 4 6 45  

Universal Tool Mount 6 5 5 5 5 8 8 66  

Drop Seeds from cross-

slide 8 7 6 6 3 4 3 58  

 

 Our final tool head design is shown in Figure 19. The tool head is made of two injection 

molded pieces that screw together. Note the black micro-switch that allows FarmBot Eden to 

detect when it hits the ground, allowing for uneven ground or inconsistent deflection in the 

gantry. The tool head pieces are made of injection-molded PC. Separate tubing structures for air 

and water prevent leakage between the two.  

 

The watering function works by directing the single incoming water stream into a cavity. The 

water flows out of the cavity through a “showerhead” collection of holes. The seeding function 

works by using a vacuum pump and hollow needle to pick up seeds from a seed bin elsewhere, 

push them into the soil, then release them and extract the seed needle from the soil. The weeding 

function works by using a mounted camera to identify weeds, then using the blades on the tool 

head to pulverize the weed and push it under the soil before the weed can establish itself. 

 

Aside from the waterproof micro-switch and camera, there are not electronics on the tool head – 

the watering valve that controls watering and the vacuum pump that picks up and drops seeds are 

housed in a weatherproof box outside of the garden. 

 

 

A3. The Base Support  

 
Figure 19: Universal Tool Design 
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After we had decided upon a rotating gantry system and a universal tooling system, we needed to 

decide a method by which to support FarmBot Eden. We determined methods such as a poured 

concrete base or pounding a large post into the ground were too difficult for the average 

consumer to execute properly, leaving us with two options: a high-weight, low spread system 

(the “umbrella base” method) or a high-spread, low-weight support system (the “long legs” 

method). We used a trade-off matric ( 

Table 16) to evaluate the two alternatives. A high weight, low spread system proved to be the 

best method to support FarmBot Eden. 

 
Table 16: Support System Trade-Off Matrix 

 High Weight Low Area Low Weight High Area 

Material Cost 0 1 

Usability/Buildability 0.5 0.5 

Simplicity 0.5 0.5 

Number of Parts 0.75 0.25 

Feasibility 0 1 

Maintainability 0.75 0.25 

Plant Viability 0.5 0.5 

Safety 0.25 0.75 

Totals 3.25 4.75 

 

The system we designed is shown in Figure 20. We chose wooden legs over metal legs because 

it saved cost and made assembly easier. The legs are cedar for its comparatively high modulus of 

elasticity and resistance to rot. In harsher weather, the user may have to replace the legs each 

year if they warp over time, but this is minimal cost and time. 
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To ensure that FarmBot Eden would not tip over under max loading conditions, an additional 

simulated mass was added to the end of the gantry, and the center of mass located (Figure 21). 

In a worst-case loading scenario (within our requirements), the center of mass is inside the 

triangle defined by the legs, so FarmBot Eden should not tip over under max loading conditions. 

 

 

 
Figure 20: Base Support System on a Garden 

 
Figure 21: Center of Mass of FarmBot Eden (the blue/white circular mark) 
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At this point, with all major design decisions made, it was just a matter of filling in the rest of the 

components to enable our design to function as intended. 

A4. The Pivot Base 

 
Figure 22 Analysis of stress on pivot support column 

 

Figure 22 shows Factor of Safety of the pivot support column when constrained at the base and 

loaded axially due to torque on the gantry arm. Early hand calculations showed strong results for 

our design, and encouraged us to continue along this path. The overall pivot base system/support 

is shown in Figure 20. The central portion of the pivot base forms the center of FarmBot Eden, 

around which the gantry rotates (Figure 23). The pivot base screws into the legs with self-

drilling woodscrews, the driver for which is included in a kit. Assembly thus requires a drill, but 

approximately 55% of Americans own at least five power tools [26]. Therefore, there is a 99% 

chance that either the purchaser or one of their three closest neighbors owns a power drill. 

 

 

 
Figure 23: Pivot Base 
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The tubular portion of the pivot base is extruded and cut-to-length Al 6061-T6, welded to the 

large cast Al 6061-T6 base. Thus, there is no machining involved in the manufacture of the pivot 

base, which helps keep cost down. Welding the two pieces together using a pre-designed fixture 

and automated welder will keep the assembly straight and consistent from one unit to the next, 

and is very cheap at quantity [27]. As per Figure 14, the base includes pre-cast mounting holes 

for the rotational motor. 

A5. The Gantry 

 

By recommendation of Professor Ray, we returned after the PDR to perform some basic hand 

calculations on our gantry system to confirm its structural integrity. Results of these calculations 

show roughly 11 mm of deflection, by assuming the gantry is axially fixed on one end and 

loaded on the other, like a simple cantilever beam.  

 

 

 
Figure 24 Analaysis of gantry arm bending 

 

 

As shown in Figure 25, the gantry consists of several cut-to-length Al 6061-T6 extrusions, with 

a flat Al 6061-T6 sheet riveted to one side. The flat sheet forms the rails on which the cross-slide 

moves, and is known as the “cross-slide roller plate.” The extrusions are welded together, a 

process that with pre-made fixtures and automated welders is quick and cheap [27]. The holes for 

the rivets in the extruded gantry beam can be stamped [27], and the shape of/holes in the cross-

slide roller plate can be easily laser cut or water-jet cut at quantity for low cost. A pneumatic 

riveting machine makes the riveting process itself quick and cheap. 

 

At the bottom of the gantry, a “shaft lock” mates with the motor coupler (Figure 25). The shaft 

lock is 1/4” thick Al 6061-T6, and thus can be cheaply and very precisely laser cut or water-jet 

cut. The shaft lock is welded into place. 
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Per our requirements, the gantry must be able to sustain a 20 lbf vertical load applied at its end, 

deflect less than 10 mm at said load, and be able to sustain a 50 lbf vertical load without damage 

or plastic deformation. Our first gantry design is shown in Figure 26. Preliminary Solidworks 

structural analysis showed that the gantry did not meet these requirements, so a truss was added 

between the gantry arm and the center of the gantry. Approximate operating load displacement 

with a truss vs. truss length was tested in Solidworks, and the results plotted (Figure 27). It was 

found that a longer truss led to significantly lower displacement. Although a truss length of ~26 

inches would have met the displacement requirement, we chose to make the truss 48 inches long, 

due to the higher resulting factor of safety. Most of the additional cost from adding a truss is in 

the welding and in the cutting of the angular joints necessary for a good weld, so once a truss 

was necessary, lengthening the truss had a negligible effect on cost. 

 

  
Figure 25: Gantry Overall View (Left) and View of Shaft Lock (Right) 
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A6. Gantry/Support Mating System 

The gantry mates into the pivot support and drive system using a system of three bearings and a 

coupler (Figure 28). The motor screws into place easily with an extra-long Allen key, and the 

same Allen key can be used to drop the thrust bearing and steel motor coupler into place. A 

keyway locks the coupler, riding on the thrust bearing, to the motor. The gantry is then placed 

 
Figure 26: Gantry, No Truss (Roller Plate Not Shown) 

 
Figure 27: Gantry Displacement under Operating Load vs. Truss Length 
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down on top of the thrust bearing, and the coupler mates into the shaft lock. The gantry is held in 

place by its own weight. The motor shaft is stabilized by a sealed roller bearing. An Oilite sleeve 

bearing at the top of the pivot support column supports the gantry. 

 

 
 

We needed to select bearings that would not fail under max load, so we calculated the max 

possible load on each bearing (Figure 29). 

 

 
Figure 28: Gantry In Sleeve Bearing (Left), Gantry/Coupler/Motor Mating System (Right), Thrust Bearing/Motor Shaft Bearing System 

(Bottom) 
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We then selected bearings that would not fail under these loads. Bearing load information is 

summarized in  

Table 17. Note that FarmBot Eden operates well within the RPM limits of each bearing. 

According to product documentation, the bearings listed don’t have a theoretical lifetime limit so 

long as they operate within their rated capacity. 

 
Table 17: Bearing Load Summary 

Bearing Max Expected Load (lbf) Maximum Allowed Load (lbf) Factor of Safety (lbf) 

Sleeve Bearing (Radial Load) 254 3000 11.8 

Thrust Bearing (Axial Load) 50 880 17.6 

Motor Shaft Bearing (Radial Load) 254 280 1.1 

 

 
Figure 29: Bearing Load Calculations 
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A7. System-Level Structural Analysis 

Further structural analysis was performed in ANSYS to determine displacement of the gantry in 

a full-system context under operating and full load; as well as ensure that the structure would not 

fail under max load. The test conditions for operating load are shown in Figure 30, and test 

results in Figure 31. Test conditions for full load are shown in Error! Reference source not 

found., and test results in Figure 32. The results are summarized in 

Table 18. Note that the maximum stress values listed include singularities and other effects of 

the simulation, so the actual stress values are likely lower. 

 
Table 18: Full/Operating Load Test Results Summary 

Test 
Displacement 

Requirement (mm) 
Test Displacement (mm) 

Factor of 

Safety 

Maximum 

Stress [MPa] 

Aluminum Yield 

Stress [MPa] [28] 

Factor of 

Safety 

Operating 

Load 
<10 4.0 2.5 40 276 6.9 

Full Load N/A 9.9 N/A 100 276 2.8 
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For the operating and maximum loads, we fixed the bottom face of the leg underneath the gantry, 

and applied the respective loads downward at the end of the gantry (Figure 30). 

 
Figure 30: Pivot/Gantry FEA Test Setup, Operating Load 
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The end of the gantry displaces about 4 mm under operating loads, and any point in the assembly 

experiences less than 40 MPa of stress (Figure 31). 

 
Figure 31: Pivot/Gantry FEA Test Results, Operating Load 
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Under full load, the gantry displaces 10mm and experiences a maximum of 100 MPa of stress 

(Figure 32). 

 

We also performed modal analysis on the gantry. The test conditions are shown in Figure 33, 

and the deformation shape at the first three modes is shown in Figure 34.  

 

 
Figure 32: Pivot/Gantry FEA Test Results, Full Load 
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For the modal analysis, we fixed the bottom face of all 3 legs (Figure 33). 

 
Figure 33: Modal Analysis Test Conditions 
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There are three modes we are concerned about: the first mode, where the gantry vibrates side to 

side (18 Hz), the second mode, where the gantry vibrates up and down (29 Hz), and the third 

mode, where the gantry vibrates in a twisting manner (99 Hz). All higher modes are necessarily a 

 

 

 
Figure 34: Modal Results; 18 Hz (Top), 29 Hz (Middle), and 99 Hz (Bottom) 
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combination of these three, and will by definition show less deflection than these three, so we are 

not concerned with any higher modes. The only major, consistent source of vibration that could 

excite these modes is the motors. As with the leadscrews, we can avoid exciting any of these 

modes by running the motors below 900 RPM, which we do. 

 

To ensure FarmBot Eden would not have any issues with background vibration, we ran a PSD 

test using the Mil-Spec standard vibration test for line electronic line-replaceable-units (LRU’s) 

as an input spectrum (using the force input boundary from the modal analysis). PSD stress is 

shown in Figure 35, and PSD deflection in all three axis is shown in Figure 36.  

 

 

 
Figure 35: PSD Stress 
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The yield stress of Al 6061-T6 is 276 MPa [28]. The maximum PSD stress is 135 MPa, so the 

gantry will not deform or fail under background vibration and the factor of safety is 2. 

 

 

 
Figure 36: PSD X-Axis Deformation (Top), Y-Axis Deformation (Middle) and Z-Axis Deformation (Bottom) 
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The maximum vertical PSD deformation (listed as Y-Axis in Figure 36) is ~8.5mm, within our 

required vertical displacement specification. However, if we add the static vertical displacement 

of 4mm, the total vertical displacement becomes ~12.5 mm, outside of spec. Furthermore, the 

displacement in other axis are not negligible. On the other hand, this Mil-Spec test is much more 

stringent that the typical “Backyard” background vibration spectrum, so actual deflection will be 

smaller than expected. The development of a more accurate input spectrum and further testing is 

necessary to determine if background vibration might be a problem. In the prototypes we 

constructed, we saw no effects of background vibration. 

A8. The Catch 

To support the gantry while not in use, as well as help FarmBot Eden withstand difficult weather, 

we added a “Catch” upon which the gantry could rest while FarmBot Eden is not actively 

gardening (Figure 37). Furthermore, the catch helps reduce the consequences of unexpected 

failure modes that could lead to structural deformation or breakage (think “Uncle Bill slips while 

harvesting plants and grabs the gantry for support”). A micro-switch trips when the gantry slides 

onto the catch. 

 

 

A9. The Z-Axis 

The Z-axis system is essentially a scaled-down version of the gantry, flipped up 90 degrees 

(Figure 38). The tool-head slides into the bottom of the Z-axis beam and locks into place with a 

single bolt and nut. 

 
Figure 37: Catch System 
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A10. Lessons from Our First Prototype 

The design described here is the second prototype we constructed. A CAD model of our first 

prototype is shown in Figure 39. Key differences between the two prototypes and the reason for 

each change are summarized in  

 

 

 

Table 19. 

  

 

 
Figure 38: Z-Axis System 

 
Figure 39: FarmBot Eden, First Prototype 
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Table 19: First Prototype vs. Second Prototype 

Element First Prototype Second Prototype Reason for Change 

Major Structural Components T-Slot Framing Stock Extruded Aluminum 
Cost reduction, ease of 

assembly, design consistency 

Pivot/Gantry Joint T-Slot Joiners, Brace Bracket Weld/Truss 
Easier for user to assemble, 
fewer parts, stronger/stiffer 

assembly 

Rotational Brace System Multiple Rolling Bearings Single Sleeve Bearing 

Allows for tighter tolerances and 

less deflection, fewer parts, 
easier assembly, smoother 

movement 

Rotational Motor 
NEMA 14, 100:1 planetary 
gearbox 

NEMA 17, 100:1 planetary 
gearbox 

More power was necessary 

Rotational Motor Coupler D-Shaft/Set-Screw Keyway/Hexagonal Coupler 

D-shaft coupler was incredibly 

difficult to use, required loose 

tolerances 

Leadscrew Thread Count 3/8-8 1-Start 3/8-8 4-Start Original leadscrew was too slow 

Cable Carrier Track Several Individual “Holders” 
Cable carrier runs directly on 

gantry 
Fewer parts, easier to assemble 

 

A11. Notes on Weatherproofing 

Per our requirements, FarmBot Eden needs to be weatherproof. To this end, the major electronic 

components would be sealed inside a weatherproof box. The motors are protected from rain and 

sediment by snap-on covers, and a neoprene seal around the pivot prevents water from leaking 

into the pivot brace assembly. A drain at the bottom of the pivot brace assembly allows any 

condensation or leaking moisture to escape from inside the pivot support column, instead of 

leaking onto the rotational motor. Any exposed electronics (namely, the micro-switches) are 

waterproof, and the ends of each extrusion are sealed off either with a weld of some sort of end 

cap. 

A12. Notes on Design-For-Manufacturing Methodology 

In general, DFM best-practices were used when designing FarmBot Eden. The number of 

fasteners and tools required was kept to a minimum (only three types of fasteners and four 

required tools, three of which are included in the kit), and parts were made to snap or press-fit 

into place when possible. As many structural components as possible are welded together to 

reduce the number of parts the user has to deal with. When possible, non-structural components 

are injection-molded to reduce cost. The number of machined metal parts was kept to a minimum 

(1) – all other metal parts are simply extruded stock or laser cut/water-jet cut sheet metal. 

A13. Recommendations for Future Work 

The coupling system that drives the rotational axis was especially troublesome – it is 

comparatively difficult to assemble, the steel components wear on the aluminum components, 

and there is a fair amount of backlash in the coupler assembly. We recommend that the coupling 

be redesigned in future models. Options could include switching to a different drive system, 
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using a screw-on or lock on shaft, having a tapered coupler that would allow for a press-fit 

gantry, or having some kind of adjustable lock system. 
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Appendix B Bill of Materials (FarmBot Eden) 

  Part Name Part Number Description 
Raw 

Material 
Manufacturer/Source QTY. 

Material 

Cost 

Manufacturing  

Cost 

Cost - 

UpFront 

Total 

Cost 

(Single 
Unit) 

Total Cost 
(At 

Quantity) 

Notes 
Line 

Cost 

1 
Pivot User 
Assembly 

USR-01 

User-built pivot 

base  

assembly 

N/A Built at Home 0             

 $       -    

1.1 
  Pivot Brace 

Assembly 
FME-1007 

Pivot brace 
welded  

to pivot mount 

N/A Patriot Foundries 1 $19.79 $5.11 $126,408.00 $200.00 $24.90 

For prototype: 2 

hours welding @ 

$60 / hour 
Up Front: Casting 

Die 

Manufacturing: 
Labor by Patriot  $ 24.90  

1.2 
  Rotational 

Bearing 
7804K147 

Flanged sealed 

ball bearing for 
8mm shaft 

N/A McMaster-Carr 1 $7.15     $7.15 $7.15   
 $   7.15  

1.3 
  Rotational 

Motor 
FME-1000 

Nema 17 motor 

with 100:1 

planetary gearbox 
and keyway shaft 

N/A 
Guangzhou Fude 

Electronic Technology 

Co., Ltd. 

1 $5.00     $60.18 $5.00 

For Protoype: 

StepperOnline 

17HS15-1684S-
HG100  $   5.00  

1.4 

  M4x0.7x18mm 

Socket Rounded 
Head Cap Screw 

92095A478 

M4x0.7x18mm 

Socket Rounded 
Head Cap Screw 

N/A McMaster-Carr 4 $0.20     $0.20 $0.20   
 $   0.80  

1.5 
  Rotational M 

otor Cover 
FME-1001 

Cover for 

rotational motor 

PC High 

Viscosity 
ICOMold 1 $0.07 $0.52 $20,979.00 $20.00 $0.59 

For Prototype: 3D-

Print  $   0.59  

1.6   Leg 10562320410 
2x4x66" Cedar 

board 
Cedar Home Depot 3 $6.62     $12.00 $6.62 

For Prototype: 
Home Depot  $ 19.86  

1.7 
  Rotational 
Sleeve Bearing 

6338K611 

Flanged Oilite 

bearing for 2" 

shaft 

Oilite McMaster-Carr 1 $8.54     $8.54 $8.54 
For Prototype: 

MSC 35402460 
 $   8.54  

1.8 

  10-16 x 1.5in 

Self-Tapping 

Wood Screw 

128174 

10-16x1.5" Self-

Tapping Wood 

Screw 

  Fastenal 12 $0.16     $0.16 $0.16   

 $   1.92  

1.9 
  Rotational 
Thrust  

Bearing 

2011N115 

2mm thick Oilite 
thrust bearing for 

12mm shaft, 
24mm OD 

Oilite McMaster-Carr 1 $1.08     $1.08 $1.08 
For Prototype: 

MSC 06455406 
 $   1.08  

1.10 

  Rotational 

Motor  
Coupler 

FME-2011 

Keyway to hex 

coupler for 
rotational drive 

Plain 

Carbon 
Steel 

Xometry 1 $0.50 $0.95   $156.03 $1.45 

For Prototype: 

McMaster-Carr 

6512K221, 1 ft. 
long, requires 

machining 

Manufacturing: 
Estimated from 

slot cut.  $   1.45  
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  Part Name 
Part 

Number 
Description Raw Material Manufacturer/Source QTY. 

Material 

Cost 

Manufacturing  

Cost 

Cost - 

UpFront 

Total 
Cost 

(Single 

Unit) 

Total 

Cost (At 

Quantity) 

Notes Line Cost 

2 
Gantry User 

Assembly 
USR-02 

Gantry+Cross-

Slide assembly 

that the user 
builds at home 

N/A Built at Home 0             

 $       -    

2.1 
  Gantry 

Assembly 
FME-2007 

Welded/Riveted 

Gantry Assembly 
N/A FarmBot Eden 1   $4.81 $5,000.00 $180.00 $4.81 

For Prototype: 3 

hours of welding 

@ $60/hour 
Up Front: 

Welding fixture 

Manufacturing: 
MIG Welding 

estimated cost  $   4.81  

2.1.1     Gantry Beam FME-2003 

2x2" x .125" wall 

extrusion, 61" 

long 

6061-T6 (SS) 
Lotov (Tianjin) Imp. 

& Exp. Co. 
1 $7.90 $5.00   $100.00 $12.90 

For Prototype: 

McMaster-Carr 

6546K23, 6 ft. 

long, requires 
some machining  $ 12.90  

2.1.2     Pivot Beam FME-2005 
2" OD, .25" wall 

extrusion 
6061-T6 (SS) 

Lotov (Tianjin) Imp. 

& Exp. Co. 
1 $2.07     $50.00 $2.07 

For Prototype: 

McMaster-Carr 

9056K13, 2 ft. 
long  $   2.07  

2.1.3 
    Rotary Shaft 

Lock 
FME-2006 

Part of gantry 
that locks into 

coupler 

6061-T6 (SS) Xometry 1 $0.49 $1.01   $129.64 $1.50 

For Prototype: 

McMaster-Carr 
8975K514, .5 ft. 

long, requires 

machining  $   1.50  

2.1.4 
    Gantry Roller 

Plate 
FME-2004 

Forms the "rail" 

on which the 

cross-slide v-

wheels roll 

6061-T6 (SS) Xometry 1 $3.00 $10.87   $381.45 $13.87 

For Prototype: 

McMaster-Carr 

8975K343, 6 ft 
long, requires 

machining  $ 13.87  

2.1.5 
    .125x0.4in 

Rivet 
97525A425 .125x0.4" Rivet   McMaster-Carr 20 $0.10       $0.10   

 $   2.00  

2.1.6     Gantry Truss FME-1009 

1.5x1.5" x .12" 

wall extrusion, 

machined 

6061-T6 (SS) FarmBot Eden 1 $2.60 $10.00   $50.00 $12.60 

For Prototype: 

Mcmaster-Carr 

6546K22, 6 ft.   $ 12.60  

2.2 
  Cross-Slide 
User  

Assembly 

USR-03 
Cross-slide 

assembly that the 

user constructs 

N/A Built at Home 0             

 $       -    

2.2.1 
    Cross Slide 

Plate 
FME-2001 

Baseplate for the 
cross-slide 

assembly 

6061-T6 (SS) Xometry 1   $38.08   $198.50 $38.08 
For Prototype: 
McMaster-Carr 

8975K443, 1 ft.   $ 38.08  

2.2.2     V-Wheel 
1780107-

WWB 

M5 threaded 

nickel-plated 
steel v-wheel 

N/A Lakeside Industries 10 $4.41     $12.46 $4.41   
 $ 44.10  

2.2.3 
    LeadScrew 

Block 
FME-0100 

Leadscrew block, 

3/8-8 4-start 
thread 

Delrin 2700 

NC010, Low 
Viscosity  

Xometry 2 $3.00 $5.18   $50.00 $8.18 

For Prototype: 

McMaster-Carr 
1349K101,   $ 16.36  
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 Part Name 
Part 

Number 
Description Raw Material Manufacturer/Source QTY. 

Material 

Cost 

Manufacturing  

Cost 

Cost - 

UpFront 

Total 
Cost 

(Single 

Unit) 

Total 

Cost (At 

Quantity) 

Notes Line Cost 

2.2.4 

    

M4x0.7x18mm 

Socket Rounded 
Head Cap Screw 

92095A478 
M4x0.7x18mm 
Socket Rounded 

Head Cap Screw 

  McMaster-Carr 4 $0.20     $0.20 $0.20   

 $   0.80  

2.3 

  Cross-Slide 

Motor  

Assembly 

USR-06 

Cross-slide motor 

assembly that the 

user builds 

N/A Built at Home 0             

 $       -    

2.3.1 
    Cross-Slide 

Motor Mount 
FME-2004 

Mount for the 

cross-slide motor 

PC High 

Viscosity 
ICOMold 1 $0.29 $1.44 $23,883.00 $20.00 $1.73 

For Prototype: 

3D-Print  $   1.73  

2.3.2 
    Nema 17 

Stepper Motor 

17HS19-

1684D 

Nema 17 stepper 

motor 
N/A StepperOnline 1 $9.72     $9.72 $9.72   

 $   9.72  

2.3.3 

    0.375" to 

5mm Flexible  

Coupling 

FME-0200 

Coupler to attach  

motors to 

leadscrews 

N/A 

Shanghai Qiyi 

Electrical & 

Mechanical 
Equipment Co., Ltd. 

1 $1.00     $72.22 $1.00 

For prototype: 

order McMaster-

Carr 2764K235 
 $   1.00  

2.3.4 

    Cross-Slide 

Motor  

Cover 

FME-2003 

Cover for cross-

slide  

motor 

PC High 
Viscosity 

ICOMold 1 $0.18 $0.90 $20,424.00 $20.00 $1.08 
For Prototype: 

3D-Print 
 $   1.08  

2.3.5 

    M3x12mm 

Socket Button 

Head Cap Screw 

92095A183 

M3x12mm 

Socket Button 

Head Cap Screw 

  McMaster-Carr 4 $0.04     $0.04 $0.04   

 $   0.16  

2.4 
  Cross-Slide 

Leadscrew 
FME-0101 

3/8-8 ACME 4-

start  

leadscrew, 60 in  
long 

  
Dongguan Xiexu 

Hardware Products 

Limited 

1 $3.00     $106.36 $3.00 
For prototype: 

McMaster-Carr 

98980A325 
 $   3.00  

2.5 

  Cross-Slide 

Leadscrew  

Support 

FME-2009 

Cross-slide 

leadscrew end 

support 

PC High 

Viscosity 
ICOMold 1 $0.28 $1.72 $9,797.00 $20.00 $2.00 

For Prototype: 

3D-Print 
 $   2.00  

2.6 
  Cross-Slide 

Rear End Cap 
FME-2010 

Caps central end 

of gantry 

PC High 

Viscosity 
ICOMold 1 $0.25 $1.54 $5,226.00 $20.00 $1.79 

For Prototype: 

3D-Print  $   1.79  

2.7 

  M4x0.7x18mm 

Socket Rounded 
Head Cap Screw 

92095A478 

M4x0.7x18mm 

Socket Rounded 
Head Cap Screw 

  McMaster-Carr 2 $0.20     $0.20 $0.20   
 $   0.40  

2.8   M4 Hex Nut 91828A231 M4 Hex Nut   McMaster-Carr 2 $0.65     $0.65 $0.65    $   1.30  

2.9 
  Cable Carrier 

Mount 
FME-5000 

Mounts cable 

carrier to gantry 
and cross-slide 

PC High 

Viscosity 
ICOMold 2 $0.02 $0.34 $3,177.00 $20.00 $0.36 

For Prototype: 

3D-Print 
 $   0.72  

2.10 
  Zeroing 

Microswitch 
MT0606001 

3-pin 1NC 1NO 

1COM 
microswitch 

N/A Amazon 1 $0.43     $7.99 $0.43   
 $   0.43  

2.11 
  Pivot Sealer 
Cap 

FME-2015 

One-direction  

flexible cable  

carrier 

NEOPRENE FarmBot Eden 1 $0.02 $1.00   $9.00 $1.02 

For Prototype: 

McMaster-Carr 

1370N13, 30A  $   1.02  
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  Part Name 
Part 

Number 
Description 

Raw 

Material 
Manufacturer/Source QTY. 

Material 

Cost 

Manufacturing  

Cost 

Cost - 

UpFront 

Total 
Cost 

(Single 

Unit) 

Total Cost 

(At 

Quantity) 

Notes Line Cost 

3 
Z-Axis User 
Assembly 

USR-05 

Z-axis assembly 

that the user builds 

at home 

N/A Built at Home 0             

 $       -    

3.1 
  Z-Axis Beam 
Assembly 

FME-3014 
Riveted Z-axis 
beam assembly 

N/A FarmBot Eden 1   $5.00   $5.00 $5.00   
 $   5.00  

3.1.1     Z-Axis Beam FME-3012 
1" by 1" .125" 

wall extrusion, 36" 

long 

6061-T6 

(SS) 

Lotov (Tianjin) Imp. 

& Exp. Co. 
1 $1.85 $5.00   $16.00 $6.85 

For Prototype: 

McMaster-Carr 
6546K21, 3 ft 

long, requires 

machining  $   6.85  

3.1.2 
    Z-Axis Roller 

Plate 
FME-3013 

Plate that forms 

the "rail" upon 

which the z-axis 

slides 

6061-T6 

(SS) 
Xometry 1   $11.28   $16.00 $11.28 

For Prototype: 
McMaster-Carr 

8975K342, 3 ft. 

long, requires 
machining  $ 11.28  

3.1.3 
    .125x0.4in 

Rivet 
97525A425 .125x0.4" Rivet   McMaster-Carr 12 $0.10     $0.10 $0.10   

 $   1.20  

3.2 
  Universal Tool 

User Assembly 
USR-04 

Universal tool 
assembly that the 

user builds at 

home 

N/A Built at Home 0             

 $       -    

3.2.1 
    Universal Tool 
Bottom Assembly 

FME-3003 

Bottom portion of 

universal tool 

assembly 

N/A FarmBot Eden 1   $3.35   $3.35 $3.35   

 $   3.35  

3.2.1.1 
      Universal Tool 
Bottom 

FME-3001 

Raw molded 

universal tool 

bottom 

PC High 
Viscosity 

ICOMold 1 $0.16 $1.03 $46,874.00 $20.00 $1.19 
For Prototype: 

3D-Print 
 $   1.19  

3.2.1.2 
      M4 PEM Nut 
For Plastic 

94100A130 
M4 PEM nut for 

plastic 
  McMaster-Carr 3 $0.60     $16.00 $0.60   

 $   1.80  

3.2.2 
    Universal Tool 

Top 
FME-3002 

Top portion of 

universal tool 
assembly 

PC High 

Viscosity 
ICOMold 1 $0.14 $0.74 $36,376.00 $20.00 $0.88 

For Prototype: 

3D-Print 
 $   0.88  

3.2.3 

    M4x0.7x18mm 

Socket Rounded 

Head Cap Screw 

92095A478 

M4x0.7x18mm 

Socket Rounded 

Head Cap Screw 

  McMaster-Carr 3 $0.20     $0.20 $0.20   

 $   0.60  

3.2.4     Seed Needle 5446K45 Seeding needle   McMaster-Carr 1 $0.95 $1.00   $19.98 $1.95 

Prices from: 

Grainger 

Industrial 
Supply, 

22YK66  $   1.95  

3.2.5 
    Zeroing 

Microswitch 
MT0606001 

3-pin 1NC 1NO 

1COM 
microswitch 

N/A Amazon 1 $0.43     $7.99 $0.43 
For prototype: 

Amazon 
 $   0.43  

3.3 
  Z-Axis Upper 

End Cap 
FME-3015 

End cap for top of 

z-axis 

PC High 

Viscosity 
ICOMold 2 $0.03 $0.42 $3,154.00 $20.00 $0.45 

For Prototype: 

3D-Print  $   0.90  

3.4 
  Z-Axis Motor 
Assembly 

USR-07 
Z-axis motor 

assembly 
N/A Built at Home 1         $0.00   

 $       -    
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 Part Name 
Part 

Number 
Description 

Raw 

Material 
Manufacturer/Source QTY. 

Material 

Cost 

Manufacturing  

Cost 

Cost - 

UpFront 

Total 
Cost 

(Single 

Unit) 

Total Cost 

(At 

Quantity) 

Notes Line Cost 

3.4.1 
    Z-Axis Motor 

Mount 
FME-3011 

Z-axis motor 

mount 

PC High 

Viscosity 
ICOMold 1 $0.28 $1.44 $25,906.00 $20.00 $1.72 

For Prototype: 

3D-Print  $   1.72  

3.4.2 
    Nema 17 

Stepper Motor 

17HS19-

1684D 

Nema 17 stepper 

motor 
N/A StepperOnline 1 $9.72     $9.72 $9.72   

 $   9.72  

3.4.3 
    0.375" to 5mm 

Flexible Coupling 
FME-0200 

Coupler to attach 
motors to 

leadscrews 

N/A 
Shanghai Qiyi Electrical 

& Mechanical 

Equipment Co., Ltd. 

1 $1.00     $72.22 $1.00 

For prototype: 

order 

McMaster-Carr 
2764K235  $   1.00  

3.4.4 
    Z-Axis Motor 

Cover 
FME-3010 

Z-axis motor 

cover 

PC High 

Viscosity 
ICOMold 1 $0.20 $0.98 $20,183.00 $20.00 $1.18 

For Prototype: 

3D-Print  $   1.18  

3.4.5 

    M3x12mm 
Socket  

Button Head Cap 

Screw 

92095A183 

M3x12mm Socket 

Button Head Cap 

Screw 

  McMaster-Carr 4 $0.04     $0.04 $0.04   

 $   0.16  

3.5 
  M4x0.7x18mm 
Socket Rounded 

Head Cap Screw 

92095A478 
M4x0.7x18mm 
Socket Rounded 

Head Cap Screw 

  McMaster-Carr 3 $0.20     $0.20 $0.20   

 $   0.60  

3.6   M4 Hex Nut 91828A231 M4 Hex Nut   McMaster-Carr 3 $0.65     $0.65 $0.65    $   1.95  

3.7 
  Z-Axis 

Leadscrew 
FME-0102 

3/8-8 ACME 4-
start leadscrew, 

30 in long 

  
Dongguan Xiexu 

Hardware Products 

Limited 

1 $2.00     $106.36 $2.00 
For Prototype: 
McMaster-Carr 

988980A325  $   2.00  

 

  Part Name 
Part 

Number 
Description 

Raw 
Material 

Manufacturer/Source QTY. 
Material 

Cost 
Manufacturing 

Cost 
Cost - 

UpFront 

Total 

Cost 
(Single 

Unit) 

Total Cost 

(At 

Quantity) 

Notes Line Cost 

4 
Catch User 

Assembly 
USR-07 

Catch assembly 

that the user 
builds at home 

N/A Built at Home 0             
 $       -    

4.1 

  Catch 

Welded  
Assembly 

FME-4002 
Welded catch 

beam to baseplate 
  FarmBot Eden 1   $3.00 $5,000.00 $60.00 $3.00 

For Prototype: 1 

hour welding @ 
$60/hour  $   3.00  

4.1.1 
    Catch Leg 
Mount 

FME-4000 
Baseplate to 

catch assembly 
6061-T6 

(SS) 
Xometry 1 $0.50 $1.04   $1.54 $1.54 

For Prototype: 

McMaster-Carr 

8975K612, 1 ft.   $   1.54  

4.1.2 
    Catch 

Support Beam 
FME-4001 

Beam portion of 

the catch 

6061-T6 

(SS) 

Lotov (Tianjin) Imp. & 

Exp. Co. 
1 $2.70     $2.70 $2.70 

For prototype: 

McMaster-Carr 

6546K23, 3 ft 
long  $   2.70  

4.2   Catch Top FME-4003 
Top of catch 

assembly 

PC High 

Viscosity 
ICOMold 1 $0.35 $1.44 $6,323.00 $20.00 $1.79 

For Prototype: 

3D-Print  $   1.79  

4.3 
  Zeroing 

Microswitch 
MT0606001 

3-pin 1NC 1NO 
1COM 

microswitch 

N/A Amazon 1 $0.43     $7.99 $0.43 
For prototype: 

Amazon 
 $   0.43  
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  Part Name 
Part 

Number 
Description 

Raw 

Material 
Manufacturer/Source QTY. 

Material 

Cost 

Manufacturing  

Cost 

Cost - 

UpFront 

Total 
Cost 

(Single 

Unit) 

Total Cost 

(At 

Quantity) 

Notes Line Cost 

5 Seed Bin FME-3016 
Bin to hold seeds to 

be planted 

PC High 

Viscosity 
ICOMold 1 $0.82 $5.90 $14,705.00 $40.00 $6.72 

For Prototype: 3-D 

Print  $   6.72  

6 

10-16 x 1.5in 

Self-Tapping  
Wood Screw 

128174 

10-16x1.5" Self-

Tapping Wood 
Screw 

  Fastenal 8 $0.16     $0.16 $0.16   
 $   1.28  

7 
Cable Carrier 

Assembly 
FME-5001 

One-direction 

flexible cable 
carrier 

  
Shandong Chuangya 

Laser Equipment Co. 
1 $10.00     $26.00 $10.00 

For prototype: 

Amazon Prime 
614591183594 [x2]  $ 10.00  

8 Tubing FME-5002 
Plastic Flexible 

Tubing 
  

Weifang Kexing 

Plastic Products Co. 
2 $0.03     $13.50 $0.03 

For Prototype: 

McMaster-Carr 

5255K56, 50 ft. 
Must be cut to 

length  $   0.06  

9 

Valve 

Housing Box  

[Placeholder] 

FME-5003 

Dummy box to 
house valves, etc. - 

electrical redesign 

team would get the 
box they need 

  
FarmBot Eden 

(manufacturer TBD) 
1 $12.00     $12.00 $12.00 

For Prototype: 
Amazon Medium 

Green Weatherproof 

Indoor Outdoor  
Electrical Cord 

Connection 

Enclosure Box 
Sockit Box  $ 12.00  

10 
Dummy 
Electronics 

Parts 

FME-5999 

Dummy box to 

house electronics - 
electrical redesign 

team would get the  

box they need 

  FarmBot Eden 1 $40.00     $40.00 $40.00 

Would include 

custom circuit 

board, power 
supply, etc. 

 $ 40.00  
              

11 

Solenoid 

Valve 
Assembly 

USR-09 

Assembly of  

solenoid valve,  

house connections,  
pressure regulator,  

etc 

  Built at Home 0         $0.00   

 $       -    

11.1 
  Solenoid 
Valve 

ROB-
10456 

NC solenoid valve   Sparkfun 1 $7.16     $7.95 $7.16   
 $   7.16  

11.2 
  Garden Hose 
Adapter 

G0911032 

3/4 FGHT to 3/4" 

NPT  

adapter 

  Zoro 1 $4.88     $4.88 $4.88   

 $   4.88  

11.3 
  Barbed Hose 

Adapter 
5372K122 

3/4 NPT to 1/4 

barbed pipe adapter 
  McMaster-Carr 1 $0.65     $0.65 $0.65   

 $   0.65  

11.4 
  Pressure 

Regulator 
100180295 

25 PSI pressure 

regulator 
  Home Depot 1 $5.27     $5.27 $5.27   

 $   5.27  

11.5   PVC Coupler 4596K53 
3/4 NPT female 

coupler 
  McMaster-Carr 1 $3.33     $26.00 $3.33   

 $   3.33  
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 Part Name Part Number Description 
Raw 

Material 
Manufacturer/Source QTY. 

Material 

Cost 

Manufacturing  

Cost 

Cost - 

UpFront 

Total 
Cost 

(Single 

Unit) 

Total Cost 

(At 

Quantity) 

Notes Line Cost 

12 
Vacuum 
Pump 

ROB-10398 
12V vacuum 

pump 
  

Ningbo Marshine Power 
Technology 

1 $8.00     $14.95 $8.00 

For Prototype: 

SparkFun 

Electronics  $   8.00  

13 
Current 

Sensor 
ACS712 

Current 
Sensing 

Circuit 

  
Okystar Technology Co., 

Ltd 
1 $0.58     $5.04 $0.58 

For prototype: 

Amazon 
 $   0.58  

14 

Hose 
Bundle 

Mounting 

Clamp 

8876T42 

hose bundle 

mounting 
clamp 

  McMaster-Carr 2 $0.14     $13.60 $0.14   

 $   0.28  

15 Hose Guide 

Monoprice 
107118 1-Inch x 

10-Feet Wire 

Flexible Tubing 

Slit 

corrugated 

plastic tubing 

  
Guangzhou Jieyin Electric 

Appliances 
1 $0.57   

  

$9.45 $0.57 
For prototype: 

Amazon 

 $   0.57  

16 

Extra Long 

2.5mm Hex 

Key 

FME-0300 

Extra long 

2.5mm  

hex key 

  

Zhangjiagang City 

Tianlun Import And 

Export Trade Co. 

1 $1.50     $23.78 $1.50 

For Prototype: 

McMaster-Carr 

37165A83  $   1.50  

17 
3mm Hex 
Key 

5503A39 3mm hex key   McMaster-Carr 1 $0.84     $0.84 $0.84   
 $   0.84  

18 
Phillips 

Drill Bit 
5751A26 

No. 3 phillip 

head  
driver 

  McMaster-Carr 1 $0.80     $0.80 $0.80   
 $   0.80  

19 Stake FME-1010 

4x21x.25" 

metal  

stake 

Galvanized 
Steel 

Anping Weicai Wire 
Mesh Products 

3 $0.11     $6.00 $0.11 

For Prototype: 

McMaster-Carr 
8974K22, 1 ft. 

long  $   0.33  

20 
2mm Hex 

Key 
5503A37 2mm hex key   McMaster-Carr 1 $0.77     $0.77 $0.77   

0.5929 

 Total Up Front Cost $373,415.00  Total Cost at Quantity / Unit 412.79 
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Appendix C Requirements Testing 

C1. Manufacturing Cost 

To test this requirement, we estimated the at-quantity cost for each part, and summed the costs to 

get an estimated manufacturing cost. For manufactured parts, we used reputed manufacturer’s 

quoting services. For extrusions and other manufactured but otherwise unmodified parts, we 

sourced parts on Alibaba. For cost estimates for welded or stamped parts, we talked to our 

sponsor, Kevin Baron. For stock parts, we used the list price, and if possible, used the at-quantity 

discounted price. Our sale cost is more than $300, so FarmBot Eden does not meet this 

requirement. 

C2. Building Time 

To test this requirement, our sponsor hired two students to build the mechanical components of 

FarmBot Eden following the instructions provided on our website. FarmBot Eden took 7.25 

hours to build, so FarmBot Eden meets this requirement. 

C3. Box Size 

To test this requirement, a CAD model of all major components the user would receive were 

placed inside a simulated box, and the dimensions of the box were measured (Figure 40). Small 

components were not placed inside of the box due to time constraints, but there is clearly plenty 

of available space in the box for small components (screws, nuts, etc.). 

 

 
 

The size of the simulated box is 5.2x1.7x2 feet, so FarmBot Eden meets this requirement. 

 
Figure 40: Major Components Inside Box 
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C4. Hardiness/Minimum Temperature 

To test this requirement, we operated FarmBot normally, then placed FarmBot Eden outside in 

below-freezing temperatures (~-6°C) for 12 hours (Figure 41). Then we brought FarmBot Eden 

back inside and attempted to operate as normal. FarmBot Eden still worked just fine, so FarmBot 

Eden meets this requirement. 

 

 
 

C5. Maximum Temperature 

We were unable to test this requirement at full scale, because we did not have facilities to heat up 

all of FarmBot to this temperature and simultaneously operate, so this requirement is listed as a 

“conditional” pass. However, we could test components one-by-one. 

 

FarmBot Eden was wrapped in a thermal blanket, and a space-heater used to heat the inside as 

warm as possible. Component temperatures were measured by the tester reaching their head and 

hand under the blanket, and using an infrared thermometer to spot-check component 

temperatures (Figure 42). The temperatures measured are listed in  

 

 

 

 

 

Table 20. 

 

 
Figure 41: FarmBot Eden Outside 
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Table 20: Heated Component Temperatures 

Component Measured Temperature (°F) Conversion to °C 

Gantry 117 47 

Pivot Base 112 44 

R Axis Motor 115 46 

Z Motor 130 54 

Motor Cover 132 56 

Place Pipe 120 49 

Radial Lead Screw 121 49 

 

 
 

C6. Wind Resistance 

To test this requirement, we intended to use the propeller plane that a friend of the group owns 

and a wind gauge to generate 46 mph wind. However, he sold his plane, so we were unable to 

 
Figure 42: Heat Testing 
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test this requirement. Hand calculations based on cross-sectional area, righting moment, and 

motor holding torque indicate a pass, but we recommend that a future team test this requirement 

directly. 

C7. Product Lifetime 

To test this requirement, we would have operated FarmBot Eden continuously for 200 hours, 

then checked components for significant wear and tear. However, due to time constraints and the 

lack of a proper user interface with which to run such a test, we were unable to test this 

requirement.  

C8. UV Resistance 

To test this requirement, we obtained the UV degradation data for at-risk components, and 

determined if said components would degrade over time. The at-risk components are the 

injection-molded PC components and the black carbon nylon cable carriers. PC does not degrade 

significantly over time [14], so we are not worried about degradation of our injection-molded 

components (PC may discolor but will not structurally degrade). Nylon does degrade when 

exposed to UV radiation, but black carbon nylon does not [13], so we are also not worried about 

degradation of the cable carriers. So, FarmBot Eden meets this requirement. 

C9. Water Resistance 

To test this requirement, we performed the standard IPX4 water resistance test. FarmBot Eden 

passed with flying colors. 
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C10. Sediment Resistance 

To test this requirement, we lightly coated FarmBot Eden with sand, then attempted to operate as 

normal (Figure 44). FarmBot Eden showed no functional degradation despite being coated in 

sand. For completeness, we also packed sand into at-risk points – around the leadscrew blocks, 

the main rotational bearing, etc. The radial axis had trouble operating with sand packed into the 

threads of the leadscrew, but the rest of FarmBot Eden was able to continue operating as normal. 

Thus, we recommend that FarmBot run the length of each axis at least once per day when 

operating in dusty conditions to build of sediment on the leadscrews. Overall, FarmBot Eden 

meets this requirement. 

 

 
Figure 43:Watering Test 
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C11. Seed Planting 

To test this requirement, we had FarmBot Eden pick up a seed (Figure 45), carry it to a location, 

then plant the seed. This process was repeated 30 times. At first, FarmBot Eden succeeded only 

24 times, because sediment kept getting sucked into the vacuum pump; interfering with its 

operation. The addition of a line filter allowed FarmBot Eden to successfully plant a seed 29 out 

of 30 times, so FarmBot Eden meets this requirement. 

 
Figure 44: Sediment Testing 
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Figure 45: FarmBot Eden Picking Up a Seed 

 

C12. Weeding 

See Appendix C18. The weeding function in progress is shown in Figure 46. 

 

 
Figure 46: Weeding Function 

C13. Tool Location Tolerance 
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To test this requirement, we sent FarmBot Eden to 30 random points, adjusted for any constant 

offset in the system, and measured the deviation from the intended point. We found that FarmBot 

Eden could not position the tool to within our required tolerance (1.25”). See Figure 47. We 

attribute the failure to backlash in the rotational coupling system. We used statistical analysis in 

excel to determine the error. Various graphs of error vs. Theta and R can be found in Figure 48. 

 

 
 

 
Figure 47: Location Testing Grid 
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C14. Cross-Garden Speed 

To test this requirement, we measured the maximum time it took for FarmBot Eden to move 

from one end of each axis to the other. Assuming multiple axis can move simultaneously (which 

they can), it takes FarmBot Eden ~55 seconds to cross the garden; so FarmBot Eden meets this 

requirement. The sub-tests are described in C25, C26, and C27. Data is summarized in Table 21. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 48: Various Graphs of Tool Head Location Error 
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Table 21: Cross-Garden Time Test Data 

TEST Theta (1/2) R Z 

1 27.62 55.53 24.68 

2 29.47 54.87 24.89 

3 27.6 53.97 24.38 

4 27.9 54.84 24.72 

5 26.6 54.23 25.27 

6 28 54.83 24.5 

7 28 54.13 24.73 

8 26.16 54.52 24.7 

9 27.08 54.42 24.58 

10 27.76 54.47 24.55 

    

AVG 27.619 54.581 24.7 

 

C15. Coverage Area 

To calculate the Farmable area, we used CAD to measure the largest and smallest radius (Ro and 

Ri, in inches) that FarmBot Eden could send the tool to, calculated the available area, then 

subtracted the area that the legs prohibit FarmBot Eden using (𝐴𝐿 = 3 ∗ 𝑙 ∗ 𝑤). So, farmable area 

is 

𝐴 = 𝜋(𝑅𝑜
2 − 𝑅𝑖

2) − 3 ∗ 𝑙 ∗ 𝑤 = 𝜋(522 − 122) − 3 ∗ 60 ∗ 3.5 = 7412 in2 = 51 ft2 

 

Thus, FarmBot Eden meets this requirement. 

C16. Cable Management 

To test this requirement, we operated FarmBot as normal, sending FarmBot to the extremes of 

every axis. No tangling or pinching of cables was noted. 

C17. CNC Gardening Machining 

FarmBot Eden is a CNC gardening machine, so by definition it meets this requirement.  

C18. Seeding Feedback Loop Reliability 

Our seeding system uses a vacuum pump to pick up seeds, and a current sensor in series with the 

vacuum to test if a seed has been picked up. With this feedback loop, we tested the reliability of 

our seeding system by attempting to pick up a seed, move it to the desired location, and then 

planting the seeding 30 times. Our first test was a failure due to sediment getting sucked into the 

air line and causing vacuum pump malfunctions. However, with the addition of a line filter, 

FarmBot Eden was able to successfully plant a seed 29 of the 30 times, and thus met the seeding 

reliability requirement. There was a noticeable spike in current when a seed was picked up (see 



C-11 

 

Figure 49), so an integrated current sensor could use current data to detect when a seed is picked 

up or if the seed is accidentally dropped. 

 

 
Figure 49: Sample Current Data, Raw from Scope 

The spikes in current correspond to a seed being picked up. 

 

C19. Solenoid Valve Reliability 

Our watering system used a solenoid valve to control the flow of water to the tool head and out 

the watering nozzle. To test this requirement, we attempted to water an imaginary plant 30 times. 

FarmBot successfully watered the plant 30 times, thus meeting this requirement. 

C20. Weed Recognition Software Reliability 

We were unable to explicitly test this requirement. However, operating under the assumption that 

the FarmBot Genesis weed software recognition software is reliable enough, we found that our 

tool head and Z-Axis drive system was strong enough to compress soil, so with proper software 

FarmBot Eden should be able to meet this requirement. 

C21. Rotational System Accuracy 

To test this requirement, we sent the tool head to 30 random points, and measured the Theta-axis 

deviation. With a maximum deviation of 11.5 degrees, FarmBot Eden did not meet this 

requirement. We suspect that backlash in the coupling system caused this failure, and with a 

coupler system redesign, FarmBot Eden could meet this requirement. 
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C22. Gantry End Deflection Under 20 lbf Load 

We tested this requirement by using ANSYS to calculate the deflection of the gantry under 

operating load. The deflection is ~4mm, so FarmBot Eden meets this requirement. See 5.A7. 

C23. Cross-Slide Position Accuracy 

To test this requirement, we sent the tool head to 15 random points along the gantry, and 

measured the deviation from the intended point. The maximum deviation was 0.1 inches, so 

FarmBot Eden meets this requirement. 

C24. Tool Head Functional Area 

Our tool head needs to have a functional area diameter of 2.5” to allow the tool head to deviate 

from the intended point by up to 1.25.” Our tool head meets this requirement. 

C25. Rotational Theta=0 to Theta=Pi Time 

To test this requirement, we sent the gantry from the Theta=0 to the Theta=Pi positions, and 

measured the time it took to make the position change. The movement took 28 seconds, so 

FarmBot Eden meets this requirement. 

C26. Cross-Slide Time to Run the Length of the Gantry 

To test this requirement, we ran the cross-slide from one end of the gantry to the other, and 

measured the time it took to make the position change. The movement took 55 seconds, so 

FarmBot Eden meets this requirement. 

C27. Z-Axis Time from Lowermost to Uppermost Position 

To test this requirement, we moved the Z-Axis from its lowermost to its uppermost position, and 

measured the time it took to make this position change. The movement took 25 seconds, so 

FarmBot Eden meets this requirement. 

C28. Functional Gantry End Load 

To test this requirement, we set an additional 10 lbf mass (the Z-Axis assembly and associated 

parts weighs about 10 lbf) on the end of the gantry (Figure 50). FarmBot Eden still functioned 

after the load was applied, so FarmBot Eden meets this requirement. 
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C29. Maximum Gantry End Load 

To test this requirement, an additional 40 lbf of mass was set on the end of the gantry (Figure 

51), and then removed. The gantry structure did not deform or fail with the applied weight, so 

FarmBot Eden meets this requirement. 

 

 
Figure 50: Operating Load Testing 
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C30. Center of Mass with 50 lbf Gantry End-Load 

To test this requirement, we positioned the gantry between the legs, and set an additional 40 lbf 

of mass on the end of the gantry as in Figure 51 and Figure 52. We found that under this load, 

FarmBot Eden tipped over; thus, FarmBot Eden does not meet this requirement. However, when 

we repeated the test with counterweights on the legs, FarmBot Eden met this requirement. Thus, 

we recommend the addition of counterweights or stakes to hold down the legs.  

 
Figure 51: Max Load Testing 
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C31. Rotational Max/Min 

To test this requirement, we would need a developed user interface that prevented FarmBot Eden 

from rotating more than 360 degrees. Such an interface is outside of the scope of this project, so 

we were unable to test this requirement. 

Figure 52: Maximum Load with Counterwieghting 
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Appendix D FarmBot Eden Webpage 
 

Below are a few screenshots from https://farmboteden.wordpress.com/  

 

https://farmboteden.wordpress.com/
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Appendix E Farmbot Genesis Assembly Time 

 

Assembly Time FarmBot Genesis: 

 

Item Time (minutes) Assembler(s)     

Universal Tool Mount 30 Ned     

Seeder Tool 30 Caroline     

Seeder Tool 30 Ned     

Soil Sensor 45 Ned     

Gantry Wheel Plates 200 Caroline     

Gantry Wheel Plates 200 Ned     

Gantry Assembly 60 John     

Gantry Assembly 60 Ned     

electronic encloser 150 Nadav     

X&Z Axis Cable Carrier 180 Ned     

X&Z Axis Cable Carrier 180 John     

Wiring 120 Ned     

Wiring 120 John     

Organization of workspace 100 N/A     

z-axis 120 Ned     

z-axis 120 Tremml     

weeder tool 30 Ned     

watering tool 30 Ned     

Wiring 60 Tremml     

Universal Tool Mount 60 Tremml     

Wiring 30 Tremml     

Configuration 30 Tremml     

       

Subsystem Locomotion/Support Tooling Wiring/Electronics Configuration Misc. Total 

Time (Hours) 12.67 4.25 14 0.5 1.67 33.08 

 

 

Assembly Notes FarmBot Genesis: 
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 Galen says: 

 Website says rotary encoders are optional - they are not 

 Leadscrew for Z is very loud/misaligned 

 X-axis wheels tend to be sticky 

 Would be nice if there weren’t any exposed channels 

 Raised bed required 

 Ned Feist Observations 

 Universal Tool Mount 

 Magnets are a huge pain  

 Grommets are tricky to place 

 Securing cover to tool mount requires t-slot framing - would be better if 

they could seal to each other 

 Lots of parts - annoying to assemble 

 Wires are tricky to run and tricky to attach 

 Awkward angles assembling things 

 Seeder tool 

 Magnets again are a pain - also serves to be unreliable (polarity 

accidentally reversed, causing potential alignment errors 

 Weeder tool 

 Plastic spikes with plastic threads are unreliable 

 Soil Sensor 

 Parts are tight fit, makes assembly tricky 

 Requires soldering - knowledge not possessed by average person 

 Gantry 

 T-nuts are small - easy to misalign things 

 Mirror image is a pain 

 Parts hard to make 

 Again: these t-nuts are terrible 

 Belts are tricky to tension properly 

 Cable carrier mounts - why the substructure? Seems unnecessary 

 Y-axis carrier motor cable definitely going got get tangled 

 Main Tracks 

 Very long - t-nuts difficult to slide into place and align - agree (Caroline) 

 Belt clips are annoying 

 General notes 

 Wiring is confusing 

 Instructions poor 

 Z-axis structure is very flimsy 

 Generally, the whole thing is flimsy 

 Caroline Observations 

 Cross Slide 

 Why so many different screws? 

 Why different spacers? 

 So many different parts that attaches each other 
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 Should take one hour to assemble, but took me a little more than two 

hours 

 Z-axis 

 The stepper motor shaft hole is smaller, and therefore it doesn’t fit 

perfectly, hope that won’t be a problem 

 Same problem as with the main tracks: t-nuts is very difficult to slide into 

place  

 John Observations 

 Gantry 

 T-nuts small easy to miss align and make extrusion not level or differing 

lengths 

 V-wheels are annoying/time consuming to assemble 

 Hex keys normal to own? 

 Cable Carriers: 

 Difficult to line wires through 

 Very annoying to mount upside down 

 Don't fit M5 screws (May have wrong size) 

 Not as flexible as one would think 

 Tremml Observations 

 Universal Tool Mount 

 Contact-Bolts need to be adjusted so gasket isn’t loose (tricky) 

 Magnets easy to put in wrong - had to fix 2 of the 4 tools 

 12 lead wire is complete overkill  

 Don’t understand why need more than 4 

 Complicates the tool head and wiring 

 3rd inlet hole is useless - don’t include 

 Soil sensor seems useless if connected to wifi (e.g. weather data) 

 Needle would be a pain to include in All-in-one tool mount 

 Wiring 

 Instructions are good until you have to connect wires to the arduino 

 Huge mistake with wire lengths 

 Another mistake with excluding encoders 

 Need better connector type from wire-arduino 

 Cable carriers are overkill and expensive 

 Z-Axis 

 Plastic motor mount seems sufficient (we used metal) 

  

 Configuration 

 Easy to configure, but need mac address posted in the configurator 

 General 

 T nuts can come loose - kind of annoying how many we use 

 Some hardware seems like too much  

 Ex: the wood laser cut seems to be doing fine 

 Joining of the 80/20 tracks is not very good 
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Component Rails Gantry Z-axis Y-axis Tool Mount Wiring 

Elemental 

Nature 

Comments Awkward 

V-wheels (put 

together 

seperatly) 

Annoying 

alignment 

Belts 

annoying Magnets 

Cable Carrier 

Terrible: 

Folding 

cables, straight Watering 

 

Hard to 

attach 

[long]: T-

nuts pain Flimsy (z-axis) T-nut 

Too many 

v-wheels Bolts (contact) 

Exposed 

solonoid valve 

(?) Weeding 

 

Tension 

on the belt 

Zero tolorance 

for arror 

Too tight 

on design 

More of 

the same 

Too much extra 

function 2 boxes (?) Seeding 

  

T-nuts adjusted a 

lot 

Motor 

Mount 

(Plastic, 

wrong side) 

Bad 

placement 

of wiring 

Requires 

accurancy 

Long wire 

(unshielded)  

  

Took 2-

people/awkward 

positioning   

Soil sensor 

(iron) -why? 

12-lead is 

overkill  

     

Seeding is 

expensive 

(functionality) 

Belt feed vs 

wires  

 


