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EXECUTIVE SUMMARY 
What is the UC Davis Student Experimental Farm? 
The UC Davis Student Experimental Farm supports student exploration by creating a space 
and opportunity for students to learn about sustainable agriculture and food systems. Their 
team emphasizes in-field experiential learning through their volunteers, interns, and 
student workers. Tractor driving is one of the most popular opportunities the Student 
Farm offers. Students get to use the tractors to cultivate crops on the farm after undergoing 
a tractor training course.  
 
James R. Muck, the Student Farm’s Field Operations Coordinator, is in charge of training the 
students on the tractors. Currently, the farm uses internal combustion engine tractors that 
are loud and release emissions. The noisy tractors make communication during the 
training process difficult for students to learn properly. Fuel emissions also pose an 
occupational health problem for students working on the farm. 

 
Internal Combustion Engine vs. Electric Motor 
Internal combustion engine tractors use the chemical process of combustion to release 
energy from burning a  mixture of fuel and air.  This process occurs inside the engine, 
where the energy gets converted into work. Internal combustion engines are loud due to 
the force applied to the pistons and the vibrational movement. They can be powered by 
gasoline, diesel, or biofuels. 

 
An electric motor consists of a battery connected to a motor. The battery supplies electrical 
energy to the stator, which is used to create a magnetic field. When the electrical energy 
from the battery is supplied to the motor, the magnetic field spins the rotor to produce 
mechanical energy. An electric motor tractor doesn’t require any fuel and can be recharged. 
Therefore, it doesn’t release any harmful emissions and makes little noise, unlike an 
internal combustion engine. 
 
Our Project: 
To improve the learning experience and occupational health of students working on the 
farm, the Student Experimental Farm would like to convert a gasoline tractor into an 
electric motor tractor.  Our team of bio-based engineers is working with UC Davis Student 
Experimental Farm to convert a 1950’s Allis Chalmers Model G gasoline tractor into a 
rechargeable electric tractor. The tractor will be used as a teaching tool for students and 
will require the following components: hydraulic system, three-point hitch, cultivator, and 
rollover protection system. The 15-20 hp tractor needs to last 4 hours per charge. The 
tractor also needs to meet OSHA (Occupational Safety & Health Administration) standards 
to ensure proper design and safety for the users. 
 
Our Results: 

1. Tractor conversion kit and project contact: Niekamp Tool Company, NY 
2. Preliminary conceptual design with required components (SketchUp) 
3. The Green Initiative Fund Grant Application 
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INTRODUCTION 
 
Over ten weeks, we conducted intensive research, learned how to drive a tractor, 
performed SWOT analysis, and product analysis to come up with a conceptual design. As 
far as components are concerned, the Student Farm will provide a three-point hitch and 
cultivator for the tractor. However, the rollover protection system (ROPS), seats, 
headlights, and hydraulics will be outsourced by our team.  
 
We came in contact with a company called Niekamp Tool Company, NY, who successfully 
converted the same Allis Chalmers Model G Cultivating Tractor (See Appendix A, Fig. 1) and 
built their conversion kit. With continuous contact and positive feedback from Herman 
Niekamp, President of the company, we decided to continue the project using the same kit 
with the addition of various components. The kit is $595 without shipping and includes 25 
essential parts for the conversion, excluding the motor and battery for the tractor, allowing 
us flexibility while deciding the type of battery and motor to use for the tractor. We reached 
out to Mr. Niekamp who informed us regarding the success of the kit and said our main 
focus would be on batteries, especially their direct maintenance by farmers. 

There are two types of batteries we’re currently looking into (See Appendix F): the 
Lithium-Ion and the Lead-Acid battery. Both batteries have their pros and cons: however, 
based on life cycle analysis, the Lead Acid is a better option. We are currently in 
communication with Herman Niekamp to learn more about the different conversion 
processes people have done, and will decide on a battery based on documentation and 
feedback from the other farmers. 
 
The leading cause of death on farms is tractor rollovers caused by driving too fast around a 
curve or a slope. The ROPS, located on the back of the tractor, prevents the tractor from 
crushing the operator during a rollover. A hood is typically installed for additional 
protection along with a seat belt to ensure the operator is securely fastened into the seat. 
ROPS are designed and engineered for specific tractor sizes and weights and are not 
recommended to be installed independently to ensure proper performance and safety.  
 
Additionally, our team will need to refurbish and perform maintenance on the tractor 
before  conversion. The tractor will require new tires and paint on the chassis after 
stripping the tractor of any unnecessary components. To cover the costs of the conversion 
and refurbishment of the vintage tractor, we’ll be applying for The Green Initiative Fund 
grant, which awards up to $200,000 for enacting sustainable projects on campus. 
 
The tractor will be an icon of sustainability on campus, so we will be hosting a design 
competition based on what sustainability means to students. The design that is most 
representative of how the tractor promotes sustainability will be the exterior design of the 
tractor. We will also showcase the tractor at the Winter Tractor Parade! 
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METHODOLOGY AND RESULTS 
The steps followed in the methodology are outlined below:  
 

1. Defining the Problem Statement and Scope of the Project  
a. Experiential Learning - “D-Lab team learns to drive a tractor” 
b. Identified timeline and Goals  

2. Design Considerations​: ​Occupational Health & Safety 
3. Utilizing Analytical Tools to inform project design 

a. Established contact with key commercial stakeholder  
b. Evaluating options for conversion of the Gasoline tractor  
c. Constructed a Questionnaire  
d. Filled the TGIF grant application to secure funding  

 
1. Defining the Problem Statement and Scope of the Project 
 
Experiential Learning  
 
The first phase of our project relied heavily on understanding the background of the tractor 
itself, and the client’s motivations behind envisioning a conversion - as outlined in the 
Introduction​. A majority of our work relied heavily on the literature and commercial work 
done by companies like Allis Chalmers, the manufacturer of our subject of conversion, and 
Massey Ferguson, a leading American agriculture company.  
 
After gaining a primary understanding of the main components of a tractor, and different 
horsepower capabilities of tractors that have been in the market since the 1950s, we spent 
our second field trip on the Student Farm, getting our very first tractor driving lesson (See 
Appendix A, Fig. 2.) For our team, this was an experiential learning opportunity in that we 
got to train in the same manner as Student Farm Interns and survey the challenges they 
face. Major takeaways from this experience are as follows:  

a. Gasoline tractors are too loud for instruction.  
b. Student farm workers run a minimum of a 4-hour shift at the site  

In the above cases, exposure of the student worker to the noise generated can be harmful 
to their overall health - thus, requiring the earplugs to block the sound.  
 
Timeline and Goals  
To efficiently come up with a deliverable for the Student Farm, we decided to focus our 
resources to create a conceptual design of the tractor’s conversion from running on 
gasoline to being powered by electricity. To accomplish this, we also established a timeline, 
which included some of the following goals to be completed February and (early) March.  

a. February: 
i. Research on Occupational Health and Electrical Design  

ii. Preliminary design and client approval  
b. March:  

i. SketchUp prototype  
ii. The Green Initiative Fund grant application  
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2. Design Considerations: ​Occupational Health & Safety 
 
Primarily guided by the OSHA policy governing the conditions of operation for ​Youth in 
Agriculture, ​looking at the health of student farm workers and interns while designing the 
revamped version of our vintage tractor. In the table below, we synthesize concerns 
outlined in the policy above and in the literature along with our recommendations in 
eliminating/evading the same:  

 

Concern 
 (as outlined by 

OSHA guidelines) 

Effect of the concern Recommendation?  

Noise production 
as a hazard  

Long-term physiological and 
psychological effects (​Basner et 
al., 2014)​; should not exceed an 
average hearing threshold level 

(HTL) of 25dB ​(Prince et al., 
1997, p.) 

Use a system wherein the 
generator powers the motor 
to drive the hydraulic pump 
and reduce sound generated 
by gas flow and combustion.  

Spinal Health & 
effects of Vibration 

exposure 

Placement of the engine below 
the tractor seat while balancing 
can cause whole body vibrations 

- leading to deformation, 
lumbago or sciatica (See 

Appendix A, Fig. 3) and other 
conditions ​(Bogadi-Sare, 1993)​.  

Driver seat dampening as 
seen in lighter caterpillar 

tractors ​(Lian et al., 2015)​.  

Rolling over of 
unbalanced 

tractors and body 
injuries  

⅔ farm fatalities in the US are 
caused by overturning tractor 
bodies, that lead to physical 

injury and head trauma ​(Walter, 
2011).  

Install a Roll Over Protection 
System - that adheres with 
the ISO certification and is 

approved by a safety 
engineer.  

 
3. Utilizing Analytical Tools to inform project design 
Established contact with key commercial stakeholder 
By performing a stakeholder analysis (See Appendix B), we mapped them out in different 
categories based on their interest and influence in the project. Since the ​Student Farm​ was 
our client, we worked closely with our primary contact, James R. Muck (FOC) at every step. 
Being a ​UC Davis D-lab​ team, we also had the analytical tools and access to the Engineering 
Student Design Center, the group art critique, and other novel ideas/spaces on campus.  We 
also used Sketch-Up to create a preliminary design for our prototype. (See Appendix G) 
 
A stakeholder that we did not actively engage with, but would like to see in the future, are 
the ​small farm holders​, to give back to our community members involved in similar 
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livelihoods. We could set up focus groups to understand their needs and challenges in 
working on these tractors for long hours to earn profit and grow enough to sell.  
 
Evaluating options for conversion of the Gasoline tractor  
To ensure this conversion of a gasoline tractor to a fully electric was the most beneficial 
option, we assessed internal combustion, electric, hybrid, and biofuel tractors through a 
Pugh chart (See Appendix C, Fig 1) based on their environmental, health, and economic 
impacts. Evidentially, electrical was the most attractive option. We also performed a SWOT 
analysis of the tractor conversion to analyze further the benefits of the conversion (See 
Appendix C, Fig 2). 
 
Constructing a Questionnaire  
Since our goal is to make tractor training more comfortable and efficient, while allowing 
students to gain transferable skills, we also created a feedback questionnaire that we could 
use to make improvements to the tractor design. (See Appendix H). 
 
RECOMMENDATIONS AND NEXT STEPS 
In D-Lab 2, we would work with the Student Farm Shop to strip the tractor completely of 
all components except the frame. We would then be able to create a thorough blueprint of 
the converted tractor. We would be adding extra safety measures like a rollover protection 
system as well as seatbelts. We would also place our engine in front for balance, and use 
two motors. One motor would function with the existing hydraulic system similar to a 
pump, with the other motor powering the tractor with higher energy supplied to power the 
tractor. The two motors would be connected to cut off power to both motors together when 
necessary safely. We would also focus on our battery selection based on the documentation 
from different conversion processes using the Niekamp conversion kit. The tractor will be 
an icon of sustainability on campus, so we will be hosting a design competition based on 
what sustainability means to students for the exterior design of the tractor. We also will 
showcase the tractor at the Winter Tractor Parade! 
 
CONCLUSION  
 
To summarize, our team has been working with the UC Davis Student Experimental Farm 
to improve the tractor training experience for students by converting a gasoline tractor 
into an electric motor tractor. Through research and analytical methodology, we have 
developed a conceptual design for the tractor, as well as a plan to use it to promote 
sustainability. Apart from this, we have included the safety measures in our design, and 
plan to use an electric motor for lower emissions as well as less noise for better audibility 
and communication during tractor training.  TGIF Grant will cover costs of the kit, batteries, 
as well as other assembly items, including motors. The Niekamp Tool Company has also 
been an extremely valuable resource in providing us assembly guidelines and helping us 
obtain feedback on different conversions and their considerations.  
 
 

7 



REFERENCES 

1. Energy Efficiency & Renewable Energy(Nov. 2013). Internal Combustion Basics 

Retrieved from: 

https://www.energy.gov/eere/vehicles/articles/internal-combustion-engine-basic

s 

2. (n.d.). Retrieved March 14, 2020, from 

https://www.osha.gov/SLTC/youth/agriculture/tractors.html  

3. Basner, M., Babisch, W., Davis, A., Brink, M., Clark, C., Janssen, S., & Stansfeld, S. 

(2014). Auditory and Non-Auditory Effects of Noise on Health. Lancet (London, 

England), 383(9925), doi:10.1016/S0140-6736(13)61613-X  

4. Prince, M. M., Stayner, L. T., Smith, R. J. and Gilbert, S. J., A re-examination of risk 

estimates from the NIOSH occupational noise and hearing survey (OHNS). J. Accoust. 

Soc. Am., 1997, 101, 950–963.  

5. Bogadi-Sare A. (1993). The effect of whole-body vibration: an unrecognized medical 

problem. Arh Hig Rada Toksikol, 44(3): 269-79. Review, Croation. PMID: 8311700.  

6. Lian, Z., Zheng, W., Xueqiang, S., Wei, Y., & Hui, Z. (2015). Drive seat damping 

structure of light caterpillar tractor. European Patent Office. Espacenet. 

CN104527815(A) - 2015-04-22.  

7. Walter, L. (2011) ASSE: Rollover protection increases tractor safety. EHS Today. 

Retrieved from: 

https://www.ehstoday.com/safety/article/21908893/asse-rollover-protection-incr

eases-tractor-safety  

8. The Green Initiative Fund. (n.d.). Tgif.Ucdavis.Edu. Retrieved March 14, 2020, from 

https://tgif.ucdavis.edu/ 

9. niekamp. (n.d.). ​Home​. Niekamp Tool Company. Retrieved March 14, 2020, from 

https://www.niekampinc.com/ 

10. Electric Motor Engineering. How an Electric Motor Works in a Car 

Retrieved from (March 2020): 

https://www.electricmotorengineering.com/an-electric-motor-works-car/ 

8 

https://www.osha.gov/SLTC/youth/agriculture/tractors.html
https://www.ehstoday.com/safety/article/21908893/asse-rollover-protection-increases-tractor-safety
https://www.ehstoday.com/safety/article/21908893/asse-rollover-protection-increases-tractor-safety
https://tgif.ucdavis.edu/
https://www.niekampinc.com/
https://www.electricmotorengineering.com/an-electric-motor-works-car/


APPENDICES 

A - Figures 

B - Stakeholder Analysis 

C - Evaluation of Gasoline Tractor 

D - Electric G Conversion Kit 

E - Electric G Kit Assembly Suggestions  

F - General Battery Comparison 
 
G - Sketch Up  

H - Student Training Survey 

 

**Note:  

Appendices D and E are from: ​https://www.niekampinc.com/electric-g-tractor/  
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Appendix A  - ​Figures  

 

Fig. 1:​ Allis Chalmer 1950 Model G  

  

Fig 2: ​D-lab team goes Tractor Driving!  
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Fig 3​: Sciatica (compression of spinal nerves in lower back) 

Source:​ ​https://www.medindia.net/patients/patientinfo/sciatica.htm 

Appendix B - Stakeholder Analysis  
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Appendix C - Evaluation of Gasoline Tractor 

 

Fig 1:​ Comparative Pugh Chart 

 

 Electric Tractor  Gasoline Tractor 

Strengths ❖ Has been converted before  
❖ Access to D-lab 

Students have already been trained 
to work on these 

Weaknesses  If not built in line with other 
tractors on the farm, students 
might be limited to our electric 
tractor. For example, students 
must be well versed in shifting 
gears!  

❖ Can impair hearing (during 
training, and in long term)  

❖ Inhaling harmful particulate 
matter while working on the 
tractor  

 
Fig 2: ​Comparative SWOT Analysis Key Takeaways  

12 



Appendix D - Electric G Conversion Kit  
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Appendix E - Electric G Kit Assembly Suggestions 

14 



  

15 



 

Appendix F - General Battery Comparison 
 

 Lithium Ion Lead Acid Battery 

Cost 
 

$5,000 - $15,000 $500 - $3,000 

Capacity High energy density (discharge 
more energy) 

 Low energy density 

 Depth of Discharge  80%  50% 

 Efficiency   ~95% efficient (charge faster/more 
solar power can be stored) 

 ~80-85% 

Lifespan Several lifespans One lifespan 

Maintenance Little to no maintenance Requires maintenance 

weight ~400 lbs. ~1,000 lbs. 

Charge Rate Fast Not so fast 

LCA 75-80% of material recyclable 
Incineration of waste generates 
electricity and produces a lot of 
emissions 

80% material is recycled for other 
batteries 
Easy to recycle 
Very toxic 
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Appendix G - Sketch Up  

 

Fig 1:​ Tractor components including a cultivator, three-point-hitch and a Roll Over 
Protection System and chassi 

 
Fig 2:​ Tractor seat - with seat belt for OSHA protection  
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Appendix H - Student Training Survey 
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