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In the modern era apple presses are crucial machines to produce apple juice for mass 

consumption, pasteurizers are also invaluable for the safe and long-lasting containment of 

the juice. However, most apple press systems range from massive industrial complexes to 

small manual powered machines as such an in between system and design is needed. 

This thesis seeks to create the between design for small orchards, either family or small 

business owned, with as many commercial parts as possible while making it tractor attached 

so it is mobile and onsite usable alongside having an interconnected pasteurization system. 

The use of 3D modelling software’s and structural simulation ensures that the design is 

applicable in real life and capable of holding onto the loads that is it subjected to. Finally, 

the design is compared to its market rivals to evaluate its economic viability.  
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SYMBOLS AND ABBREVIATIONS  

Roman characters 

h height   m, mm, cm 

Hp horsepower   hp 

p pressure   bar, Pa, MPa 

r inner radius   m, mm, cm 

R outer radius   m, mm, cm 

Ti input torque   Nm 

Tnm torque in newton meters  Nm 

To  output torque   Nm 

v speed   rpm, rad/s, m/s 

vi input speed   rpm, rad/s, m/s 

vo output speed   rpm, rad/s, m/s 

V volume   m3, L 

vrpm speed in rotations per minute rpm 

 

Dimensionless quantities 

i gear ratio 

 

Abbreviations 

 

IPTO Independent power take-off 

LPTO Live power take-off 

 



PTO Power take-off 

RPTO Reverse power take-off
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1  Introduction 

The goal of this bachelor's thesis is the accurate and production ready modelling of a 

transportable apple press (including pasteurization), including a 3D model with evaluations 

and realistic construction so that it is production ready. A need has been noticed in the market 

as the apple presses currently available do not have a size variable to fit in-between small 

household production and commercial orchards, thus an in-between design will be proposed. 

Figure 1 is a 3D model that represents an old school style hand crank apple press. 

  

Figure 1: 3D model of an old school style hand crank screw press 

Many juicing systems exist to extract the juice from apples, the main distinction comes from 

the size as well as the extracting methods: crushing and grinding/shredding. 

The design process followed a systematic methodology based on Pahl and Beitz; as is 

evidenced by the previously supplied literature. 

1.1  Research background 

Currently available apple juicers only exist in two size variations and that is only on extreme 

ends. Old school style hand crank machines which can only make use of 9L at a time and 

are physically labour intensive or massive commercial scale machines that go through 

2000kg of apples in an hour. As such a need has been noticed for an in-between stage and 

design for family and small commercial orchards, a machine that is more convenient and 

faster, this thesis deals in creating this machine and as it’s meant to be convenient it is to be 
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attached and transported on a tractor with a trailer with power coming from the PTO while 

also doing the pasteurization on the spot. 

A comparison of these two opposing extremes is shown in the figure below in Figure 2, 

showcasing the two extremes of small-scale homestead production and large industrial 

machinery. 

 

(a) 

 

(b) 

Figure 2: (a) massive twin screw press for commercial processing (Twin Screw press n.d.) 

(b) Small scale press (Robot or human? n.d.)  
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As seen from the Figure 2 above, the extremes are divisive and so there is a need to create 

an in-between system which does not go to the extremes while offering its own advantages 

due to the mobile and incorporated nature of the design. 

1.2  Literature overview 

Apple juice extraction technologies have evolved from traditional manual presses to 

mechanized systems designed to improve juice yield, processing efficiency, and product 

quality. Most commercial apple presses are stationary and intended for large-scale 

processing, which limits their suitability for small orchards and rural farmers. Recent studies 

have highlighted the growing need for compact and mobile fruit-processing equipment that 

can operate directly in orchards to reduce transportation costs and post-harvest losses 

(Wilczyński et al. 2019). 

Research on screw presses and basket presses shows that mechanical pressing remains one 

of the most practical and economical methods for small-scale juice production. Screw press 

systems generally provide higher extraction efficiency and continuous operation compared 

to manual or hydraulic presses. Studies also indicate that fruit characteristics such as 

hardness and moisture content influence press performance, making proper design of the 

crushing and pressing mechanisms important for efficient juice extraction (Mierzwa & 

Markowski 2020). 

Although several fruit juice extractors have been developed, most rely on electric motors 

and fixed installations. In many rural areas, access to electricity is limited, making tractor-

powered systems a practical alternative. Using tractor power take-off (PTO) systems can 

provide reliable power for mobile juice extraction units while improving portability and field 

operation. However, limited research exists on the design of mobile tractor-powered apple 

presses for on-site orchard use, creating a need for further development in this area. 
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1.3  Research problem 

The in-between stage of manual labour juicing and massive commercial operations is empty, 

forcing orchard owners to choose between intensive manual operation and expensive 

massive bulk processing, this paper aims to create a design and machine that fits in-between 

this gap in commercial availability. 

Some notable findings however are by Wilczyński et al. (2019), where it was found that a 

screw press obtains both more juice and better-quality juice, however it depended largely on 

the type of apple that is used as well as Wang et al. (2021) who talks about the loading of 

tractor PTO’s by the various attachment modules. 

1.4  Research question 

The research questions mainly focus and deal with optimization as well as economical 

selection as this is meant to be a commercial product, especially because apples only have a 

limited harvest time. 

1. What is the most efficient and effective juicing method? 

2. What material is best to be selected both for food safety as well as economic 

viability? 

3. What’s the product quality and speed of production? 

1.5  Scope and limitations 

Into consideration and for the completion of this thesis must be taken several factors. What 

type of press, power transmission, transportation, usage, construction methods, safe 

operation, economy and materials. All of this must of course be backed up by sources and 

following the systematic engineering design approach as outlined by Pahl & Beitz. The 

initial 3D design process is in SolidWorks, which is then followed by simulations with the 

same previously mentioned program. 
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As this bachelor’s topic is more focused on the design of a new machine it is hard to say 

there is any previous studies or research; certainly, previous research will be used (the 

efficiency of different apple press mechanisms, different tractor attachments, power outputs 

and mor) however it is hard to present the key findings of these studies as they are just minute 

parts of a greater whole. 

The machine and thesis must focus specifically on the juicing and pasteurization of apples, 

this is added on with commercially available products, as this is a rather old technology 

many products and constructions are available commercially. 

Due to the age of the technology and the market however exact dimensions are hard to find, 

with many different standards and companies existing, as such to not over bloat the system 

part dimensions will be used as found and simulation on these parts will not be conducted 

as they are specifically made for this purpose and as such assumed superfluous to be tested. 

Additionally, this thesis does not overly focus on specific work conditions, as in weather the 

machine is operating in Finland or Egypt, weather conditions, temperature, apple variations 

and other such conditions as this is outside of the scope and context. 

1.6  Expected outcomes and purpose 

The expected outcome of this thesis is a realistic functioning 3D design and analysis of a 

tractor attached trailer apple press with a pasteurizer for on the spot pressing and 

pasteurization as well as transported and powered by the tractor while complying to the 

European standards and regulations. This would allow for family and small farmers to have 

an in between design that is economically viable and labour saving. 

This is significant as more people are attempting at homesteading and increasing their own 

self reliability, such a machine would allow that while also allowing for smoother scaling up 

for small commercial businesses. 

1.7  Operating conditions 

According to BiologyInsights Team (2026) and Smith et al. (2025), a small family orchard 

ranges from 10 to 50 apple trees, with a small commercial orchard being up to 500 trees. 100 
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trees are taken as an example here, as this machine is more dedicated to smaller operations 

than larger ones.  

In optimal apple production a single tree can produce between 225 and 400 kilograms of 

apples per year (if we consider a fully mature apple tree with the highest yield), if suboptimal 

conditions are considered consider 230 can be taken as a secure production (Ladon et al. 

2024). 

According to Featherstone et al. (2015), 60-70% of an apple’s weight can be gotten in juice 

and considering how a screw press is a very efficient method of getting this a rather high 

coefficient of 65% can be assumed. 

As such, the apple press would need to be capable of handling 2300kg of apples and roughly 

1495L of apple juice to pasteurize. If all the apples will get harvested and made into juice as 

an assumption, harvesting time needs to be calculated. A harvesting time of 10 days is 

appropriate before the apples start to spoil; it as such needs to handle 150kg of apples a day, 

97L of apple juice a day. 

1.8  Power supply 

Power supply in this context means the tractor power supply, known as PTO (power take 

off) which feeds into the juicing mechanism, this does not include the pasteurization power 

supply. The power supply here means the tractor itself and the torque it feeds into the system. 

For illustration purposes to showcase how a PTO works Figure 3 represents a schematic 

view of a PTO system. 

 

Figure 3: Power supply schematic (Shao et al. 2022) 
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The PTO allows for attachments and the meshing of different gear and attachment systems, 

thus offering more versatility to any system that includes it. This is what primarily allows 

this design to function as without the power supply there would be no way to power the 

machine. 

1.8.1  Independent PTO (IPTO) 

The independent PTO is a system where the shaft runs regardless of it being engaged with 

the clutch, so that it is possible to use the power that comes from the PTO both stationary 

and during the tractor moving. It maintains a constant speed regardless of tractor movement 

as such it is ideal for any continuous operation (like spraying, mowing, or other functions). 

It is also common in modern tractors, and the Figure 4 below gives a schematic view of it. 

 

Figure 4: Schematic of independent PTO (TractorByNet 2012) 

This coupling and decoupling mechanism of the IPTO allows for more versatility as well 

as gear movement both forwards and backwards without the need to move the tractor itself, 

thus allowing the tool to execute the functions without interference by movement or 

vibration. 
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1.8.2  Live PTO (LPTO) 

Live PTO allows for a 2-stage separation clutch in a tractor, thus allowing for partial 

independence. The first stage stops tractor movement while the second stage stops the PTO 

movement, this enables it to pause movement while the tractor is still doing its operating 

task; most used and found in balers. Figure 5 is a physical example of this PTO system for 

illustration purposes to see how the different parts connect. 

 

Figure 5: Live PTO component view (Logan Clutch n.d.) 

The live PTO is usually found on larger tractors and specific machines due to its specific 

functionality; it is a more sensitive and adjusted IPTO as it allows for more precise 

movement stoppage of the tractor and attachment independently of each other. 

1.8.3  Transmission PTO 

It is directly linked to a tractor’s gearbox; this is the old school style of PTO used on older 

tractors. The PTO only has power and torque while the tractor itself is running, it stops when 

the tractor stops or the clutch is pressed, giving it much less flexibility than the other PTOs. 

It is suitable for basic operations however rarer nowadays as it is a more outdated system 

used more at the beginning of tractor manufacture history. 
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1.8.4  Economy PTO 

The economy PTO makes the PTO run at the standard type 1 RPM (540 rpm) but at a much 

reduces engine RPM, as such it has much less power and torque. This does have the upsides 

of less noise, less engine wear and power consumption as well as quieter operation. It is 

suitable for lighter duty task such as running sprayers or mowers however due to these 

specifications it is also usually not found in tractors and instead found in lighter agricultural 

equipment. 

1.8.5  Reverse PTO (RPTO) 

A reverse PTO is a subsection of the other PTO’s as it functions on one of their principles, 

it is however running in the opposite direction. It is used for clearing jams in implements, 

specialty equipment and certain systems. The Figure 6 shows the reverse PTO assembly. 

  

Figure 6: Reverse PTO view (McCormick 2020) 

A unique mechanism with its set of benefits, it is however meant for specialty applications 

and purposes. In principle it functions like a IPTO but running in the reverse direction so 

any machine designed around that would work well, however this also makes it more 

restrictive in the options presented as most other attachments and machines do not 

standardly run on it, furthermore tractors that come equipped with it are specialty and have 

a higher price point. 
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1.8.6  Dual PTO 

A type of PTO that allows it to switch between the RPM (usually 540 and 1000), this gives 

the tractor more versatility, access to more machines as well as access to some specialty 

machines. However, these are more rare machines with a higher price point. The dual nature 

allows it to connect to multiple attachments and have them operate at full capacity, yet the 

PTO type remains the same, something which is further expanded upon in the next section 

1.8.7. 

1.8.7  PTO types 

Important to note is the fact that within PTO’s there are PTO types; PTO types are numbered 

0 to 4 based on size, power output, rpm, and spindles. These are independent of the afro 

mentioned PTOs. To better visualize these differences Figure 7 shows both the different 

dimensions and specifications of these PTO types as well as 3D models for comparison. 

Figure 7: 3 types of PTO types (Easterlund n.d.) 

As can be seen in the figure, a PTO type affects the circumference, rpm output as well as 

gear teeth. Careful preselection needs to be done as it impacts the design, 3D models, as 

well as the power output that needs to be handled by the system. 
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1.9  Juicing 

In this context juicing refers to the extracting of juice from plant products, in this specific 

scenario meaning and referring to apples. It is done to either get the resulting liquid itself to 

be used or for further processing, in this case it is used for further processing via 

pasteurization or the sludge itself is the desired product and thus the juice is discarded 

however this scenario is not considered in this thesis as the juice is the desirable product. 

1.9.1  Screw press 

A screw press extracts juice by compressing material using a rotating screw inside a cylinder. 

It is great for continual operation and a variety of produce like apples, grapes and oilseeds 

however it loses some of the flavour properties of apple as well as including more apple 

debris than the other processes. Figure 8 showcases the operation and function of a screw 

press. 

 

Figure 8: Screw press schematic and operating example (Jingjin Filter Press 2023) 

Screw presses are used in many industries and are well known implements in many 

sectors, this broad and historical usage makes many models available with easy part 

replacement, interchangeable parts and specialized designs within the broader structure of 

the screw press mechanism itself. 
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1.9.2  Basket press 

A basket press uses a perforated container (basket) and pressure plate to squeeze juice; an 

example of a basket press can be seen in the introduction with Figure 1: (b). The juice quality 

it produces is good, it is also in continual operation, so it is good for batch processing, and 

it is very common in small scale production or traditional production. It is simple in 

production and uses purely mechanical forces to perform the action of juicing, thus it is a 

very sturdy system which has few moving parts. 

1.9.3  Hydraulic press 

A hydraulic press uses fluid pressure to generate high compressive force in a similar manner 

to the basket press in a contained environment; difference is however that in this scenario 

the power is not manual or mechanic but hydraulic. It has high juice yield, precise control 

and it is suitable for commercial use. 

 

Figure 9: Hydraulic press (Hydraulic fruit press GPA-100s n.d.) 

The similarity to the basket press does not indicate an interchangeable nature, for despite 

the similarities it must be known that the force delivery method of each system is different. 
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Whereas the hydraulic press allows for greater force production, the hydraulic fluid 

powering the machine is also more sensitive to debris, leakage and is easier to damage. 

1.9.4  Electric juicers 

Electric juicers are motor-driven machines that automate juice extraction, it is slow and 

centrifugal, usually used at home or in house. It consumes the least power, is the lightest 

and needs only electricity to run however it comes with the issue of being very 

underpowered. Figure 10 showcases the most common type of electrical juicers, which is a 

home appliance product. 

  

Figure 10: Commercial electric juice extractor (Amazon.com: Commercial Juice Extractor 

n.d.) 

As the figure shows this mechanism is most common in-home appliances due to its low 

power consumption, low noise, compact and portable nature. It is a relatively new 

technology introduced into the field which is thousands of years old and as such it begets 

further monitoring. 

1.9.5  Twin screw press 

A twin-screw press is a mechanical extraction system that uses two intermeshing screws 

rotating inside a chamber to compress and transport material (such as crushed apples) while 
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extracting juice. It is an overall improvement of the screw press in speed and efficiency 

however it draws much more power and is bigger. Figure 11 showcases the internal workings 

of a twin-screw system. 

 

Figure 11: Twin screw press schematic drawing (Einarsson et al. 2019) 

The interlocking screws must match up with each other perfectly for the machine to work 

thus the machine is most susceptible to damage and foreign object interference. The machine 

is more efficient, faster and greater at batch processing than the single screw system however 

it is also heavier, more complex and has a higher price point. 

1.10  Pasteurization 

Pasteurization is a preservation process where juice is treated to destroy harmful 

microorganisms while maintaining quality and increasing safety, it is a similar system as 

used in the pasteurization of milk and dairy products. For large batches various methods are 

used however heat treatment has been the traditional and currently most widespread method 

1.10.1  Thermal pasteurization 

Conventional method traditionally and modernly used on every scale using heat; the juice 

gets heated to a point below boiling and held there for a period until it’s pasteurized 
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completely. It is reliable, widely and traditionally used. Figure 12 showcases the thermal 

pasteurization process in largescale commercial factories. 

 

Figure 12: Schematic drawing of how thermal pasteurization works in largescale 

commercial factories (Chiozzi et al. 2022) 

The Figure 12 above shows the process for large batches in industrial settings; thus, it is 

not a specifically accurate representation of the thermal pasteurization suggested for use in 

this thesis. The pressure chamber for example would be excluded due to the fact it is an 

introduction of complexity, additional bulk, and higher expenditure. 

1.10.2  Ultrasonic pasteurization 

Uses high-frequency sound waves to destroy microorganisms. Minimal heat damage and 

better retention of flavour are the benefits of this system. Figure 13 showcases the ultrasonic 

pasteurizer, and it is a good illustration of the small size and controlled nature of the process. 
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Figure 13: An ultrasonic pasteurizer for liquid foods (Hielscher Ultrasonics, 2023) 

Thermalsonic pasteurization is a combination of heat and ultrasonic; it is faster than both, 

however due to limited research and evidence it is only mentioned here as an option instead 

of considered in depth.  

1.10.3  Pulse electronic pasteurization 

Short pulses of electricity are released into the liquid which kills off the bacteria and germs. 

It preserves freshness, is non thermal, energy efficient. In Figure 14 it can be seen how such 

a system is set up and interconnected. 
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Figure 14: Pulse electronic pasteurization system drawing (Taha et al. 2022) 

It consumes more power and needs specialized equipment to be in action as careful 

regulation of the electrical pulses is needed otherwise the juice gets flash boiled and loses its 

beneficial properties. 

1.10.4  Ultraviolet pasteurization 

Ultraviolet pasteurization is a non-thermal preservation method that uses UV-C light (around 

254 nm wavelength) to inactivate microorganisms in liquids like fruit juice. It is 

advantageous as it does not damage the juice quality thermally and is controllable, the juice 

is fresh and the system is efficient. Figure 15 illustrates this operation as well as the 

machinery used. 

 

Figure 15: Schematic drawing of ultraviolet pasteurization system (Park et al. 2022) 
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Ultraviolet rays are known for being harmful to microorganisms with prolonged exposure, 

so controlled high intensity exposure eliminates the harmful microorganisms without 

impacting the taste much, however it has been seen to cause discoloration in the liquid 

(Park et al. 2022). 

1.11  Transportation 

This is for an agricultural context so only agricultural use trailers will be used and 

represented (so not animal, semi-trailers, plant trailers but purely focusing on machine 

operation and transportation), it serves the purpose of attaching to the tractor and allowing 

for the transportation of the machine. The trailer created in this thesis will be a custom made 

one however this here describes the overall design of the implement and on which basic lines 

and commonalities the design is created. 

1.11.1  Flatbed trailer 

A flatbed trailer is an open platform trailer without sides or roof, as such while it is not 

protected from the elements it is also easy to access, load and unload items and hook up 

machinery to it (due to the fact it does not have any walls). These features make it excellent 

for direct load bearing needs, oddly shaped implements or anything that attaches directly to 

the side. 

1.11.2  Dump trailer 

A dump trailer has a hydraulic lifting mechanism to tilt the bed and unload materials; it can 

but does not have to be in the shape of a flatbed trailer. It is efficient at bulk unloading and 

helpful in the removal of gravel, manure, dirt, fruits etc. The hydraulic lifting mechanism is 

especially convenient as it allows for lesser use of manual labour and instead uses hydraulic 

force. 
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1.11.3  Loader trailer 

A loader trailer is equipped with a built-in loading mechanism (e.g., conveyor or crane-like 

system). It is self-loading which means it reduces the need for additional machinery as well 

as making self-loading crops much easier to harvest. Due to the nature of more moving parts, 

it is much more complex with multiple failure points. The shape and containment of the 

trailer is dependent on its specific use function (e.g. a log loader has elliptical walls to contain 

the logs).   
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2  Methods 

In this section it is important to explain why and how certain methods, materials and 

machines will be used. The focus of this section in is on the preliminary design choices, 

CAD modelling, and literature review. 

The choice is made using the Pahl and Beitz method, using a table to calculate the points, 

with an explanation of the grades as well as the points followed by the explanation of the 

selection. Unless otherwise stated all the terms are appliable in the same way in each design 

selection (e.g. the availability in the power supply and power transmission and pasteurization 

mean the same thing.) 

2.1  Design process 

The design process starts by defining the operating conditions, thankfully that was done in 

the introduction on point 1.1, following this a proper power supply and power transmission 

are selected, then juicing method, followed by the pasteurization method, locomotion and 

finally a simulation and analysis. A narrowing down must be done to achieve a proper result. 

2.1.1  Power supply selection and power transmission 

The Table 1 and 2 below is the scoring and selection table that shows how the different PTO 

types were evaluated and how were they selected as well as how the types of PTO were 

scored and selected. 

Table 1: PTO type selection 

PTO types RPM Availability Size Overall 

Type 0 3 1 3 7 

Type 1 5 5 4 14 

Type 2 5 4 3 12 

Type 3 5 3 2 10 

Type 4 5 2 1 8 
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Table 2: Types of PTO selection 

Types of PTO Versatility  Availability Overall 

Independent 

PTO 

5 5 10 

Live PTO 1 3 4 

Transmission 

PTO 

3 3 6 

Economy PTO 1 3 4 

Reverse PTO x 1 1 

Dual PTO 5 2 7 

As can be seen in the graphs above, the choice of PTO was made on a point basis. 

RPM describes the rotations per minute, as described it tells the number of rotations per 

minute, with the points describing how suitable it is for the application within this thesis. 

Availability describes how likely the chosen PTO is to appear in the chosen demographic. 

Size describes how big the tractors and PTOs are, as in how much cubic space do they occupy 

and how heavy they are. Versatility describes how many attachments and how many 

functions can be performed. 

The independent PTO (IPTO) was chosen as it is clearly the best for this application as it 

allows the most versatility while not introducing needless complexity or economic burden. 

It is also the most widespread among small tractors nowadays as such it is the most 

appropriate for the target group and it is economically and technically viable. 

The PTO used for this thesis is PTO type 1 as it is the most common for most mid-sized 

tractors (Pexlivanidis & Pexlivanidis 2025). This means it spins at 540 RPM, and most 

manual apple presses produce between 70 to 90 psi (Meadow Creature n.d.). From this guide 

Farmequipment (2025) we can see that our tractor has 50 HP. A gear transmission to transmit 

power was chosen as it is the most effective at relaying mechanical force. A gear ratio of 

18:1 is approximately ideal as the RPM would ideally be in the 30-50 rpm range for safety 

reasons, however such a high gear ratio brings needless complexity into the design, as such 
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a gear ratio of 8:1 has been selected as the pressure is still enough to achieve the purpose 

without bringing in additional parts. It is easier and simpler to include more protective 

requirements than it is to include a greater gearbox. This makes the given torque to be 354 

N, or rather 3300N after the reduction; more than enough for the psi requirement as the 

surface area is 0.0707 m2 (~35 000 psi). According to Jiaping Wang et al. (2024), the 

maximum amount of pressure required to crush an apple is 0.5 Mpa and anything over 1 

Mpa causes severe damage and crushing, this machine produces approximately 245 Mpa, 

more than enough to crush the apple. 

 𝑇𝑜 = 𝑇𝑖 ⋅ 𝑖    (1) 

Formula for torque output based on torque input and the gear ratio: T0 is the torque output, 

Ti is the torque input, and i is the gear ratio. 

 𝑣𝑜 =
𝑣𝑖
𝑖

 (2) 

Formula for speed output based on speed input and gear ratio: Vo is output speed, Vi is 

input speed and i is the gear ratio. 

 
𝐻𝑝 =

𝑇𝑛𝑚 ⋅ 𝑣𝑟𝑝𝑚

9,550
 

(3) 

Horsepower based on multiplication of torque and speed in rpm divided by 9,550; Hp is 

the horsepower, Tnm is the torque in newton meters, Vrpm is the speed in rotations per 

minute, and it is all divided by 9.550 which is a constant.  

Figure 16 is a better illustration of an actual physical type 1 PTO. 



32 

 

 

 

Figure 16: Up-close picture of type 1 PTO (Dealer Spike 2021) 

ITPO type 1 being selected for this thesis is reasonable as this has been shown to be the 

most common in family owned and small-scale farms, thus making it the most accurate 

representation of the intended usage populus for this product. 

2.1.2  Juicing selection 

The Table 3 below is the scoring and selection table that shows how the juicing mechanisms 

were evaluated and how were they selected. 

Table 3: Juicing mechanism selection 

Juicing type Economy Efficiency Juice 

quality 

Transportability Overall 

Screw press 4 4 4 4 16 

Basket press 5 3 5 5 18 

Hydraulic 

press 

2 4 4 2 12 

Twin screw 

press 

1 5 3 1 10 

Electric 

juicers 

5 2 2 5 14 
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Economy describes the economic viability of the chosen mechanism; the lower the points 

the more expensive it is and vice versa. Efficiency describes how much apple juice is gotten 

from the juicer’s process of juicing the apples. Juice quality describes how effected is the 

taste and microbiologic qualities of the juice. Transportability describes how simple and easy 

is it to attach/transport the mechanism; governed by both the weight and overall size of the 

component. 

As evidenced by the studies and commercial availability electric juicers are not suitable due 

to its small power and inefficiency. Hydraulic presses are not economically feasible with 

even the cheapest ones costing over 2000e, which is a great price for the small batch size 

they give and for the stationary nature. Screw presses are the most effective for the purpose 

however basket presses allow for more efficient juice extraction (to extract more apple juice 

from each individual apple) and juice quality while retaining similar speed and complexity; 

this is a factor that while is not accounted for in large, industrialized presses is important to 

families and small-scale farmers as speed and sheer output is not prioritized over quality of 

taste and efficiency of extraction. 

2.1.3  Pasteurization  

The Table 4 below is the scoring and selection table that shows how the pasteurization 

mechanisms were evaluated and how were they selected. 

Table 4: Pasteurization selection 

Type Availability Batch 

production 

Economy Juice quality Overall 

Thermal 5 5 5 2 17 

Ultrasonic 4 2 2 4 12 

Pulse-

electronic 

2 4 2 4 10 

Ultraviolet 3 4 3 5 15 

Batch production describes how much liquid can be processed and produced in one 

batch/cycle of pasteurization. 
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Ultrasonic is not suitable for this application as the batches it produces are small and too 

energy intensive for farm application, as such it is only suitable for laboratory usages 

currently. While pulse electronic pasteurization is much more viable for larger batches when 

it is compared to purely thermal pasteurization it is outclassed. Thermal pasteurization is 

much more widespread and commonly used, as such it is also much easier to operate and 

know about it, repair it, get replacement parts and so on. Alongside that it is much simpler, 

cheaper and proven to work in farm conditions; in this specific circumstances it outclasses 

the ultrasonic pasteurizer, so it is selected as the method. It does unfortunately alter and 

change the taste of the juice to a significant amount however this is a worthwhile trade-off 

in the farming context. 

2.1.4  Transportation 

The Table 5 below is the scoring and selection table that shows how the trailer types were 

evaluated and how were they selected. 

Table 5: Trailer type selection 

Trailer type Versatility Load bearing 

capacity 

Ease of access Overall 

Flatbed trailer 4 5 5 14 

Dump trailer 5 5 2 12 

Loader trailer x 5 2 7 

Load bearing capacity describes how much load can the trailer carry. Ease of access 

describes how easy it is to access the different components and reach over into the trailer. 

In this scenario the flatbed trailer is selected since none of the other trailer offer any 

significant advantages, while the flatbed offers easier loading, unloading and operation. The 

loader trailer is muted in the versatility section as it depends on the shape and purpose while 

the side walls on all the other trailers greatly hamper the ease of access to the top which is 

crucial in this application. Due to these advantages the flatbed trailer was selected as the one 

to model and transport the mechanism. 
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2.1.5  Simulation and analysis of design 

The model will be created in a 3D form in SolidWorks which is followed up by SolidWorks 

simulation to verify the theoretical design into reality. Finally, the model is created into a 

model drawing and exported into the thesis.  

The 3D model allows for visualization of the proposed design showcasing how all the parts 

connect and intermingle while the simulation allows for proper investigation of the material 

properties and if the design can handle the forces placed upon it. 

Finally, the design will be compared to the competitors in the field, and it will be determined 

if it’s a viable option economically and in terms of efficiency. 
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3  Results 

The results presented are the 3D model and the simulation, with the simulation justifying the 

design of the model. It is separated into 6 parts; design of the apple press, design of the 

pasteurization system, design of the transportation system, CAD model, simulations, safety 

and operation. Each section is important to examine for the full functioning of the design 

and expanding upon both the methods as well as the design philosophies behind the 

decisions. Safety and operation exist as a section as this is supposed to be an implementable 

design so naturally the proper operation and safety guarantees and instructions are needed. 

3.1  Design of the apple press 

This section concerns everything after the PTO up until the juice is squeezed out; the PTO 

itself is not designed because it is already a premade part. This section concerns the 

attachment method, power transfer method and the individual parts of the apple press. 

To keep in mind is that as described by Saravacos et al. (2015), stainless steel allows for the 

least interference with taste and great corrosion resistance, important factors when 

considering the part that will be in contact with the apples the longest. Additionally, it needs 

no further post processing to be ready for food service, except for the fact that it needs to be 

cleaned and washed properly. 

3.1.1  Power conversion 

Power goes from the tractor PTO into a 90° bent rotation transmitter and an attachment arm; 

this arm allows the tractor to transfer the power and rotation from the PTO into the shaft of 

the design which then presses down upon the apples. The power then goes through 2 

gearboxes so that the rpm is reduced on a 8:1 ratio, this gives over 3500N of force, more 

than enough to squeeze the apples. The tractor PTO shaft model was gotten from Grab cad 

made by Saffet YAVUZ and so were the gearboxes as it and it’s construction is outside of 

the scope of this thesis. 
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Figure 17: tractor PTO model 

The transmission system consists of one worm-drive gearbox and a regular reduction 

gearbox with reduction ratios of 2:1 and 4:1, respectively. The gearboxes are connected in 

series to reduce the rotational speed of the screw while increasing torque. The individual 

gearboxes are shown in Figures 18 and 19. 

  

Figure 18: worm gearbox  

 

Figure 19: reduction gears 
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The gearboxes are attached to the screw and the PTO, so it can travel up and down as the 

screw does, this is not a concern however as the PTO is attached to the tractor driveshaft 

with 2 90° right angle gearboxes, which is enough to allow it to move up and down as the 

screw does. It puts a slight strain on the driveshaft however it is a marginal negligible 

amount. 

Since these models were gotten from Grab cad it is hard to appoint a specific weight for 

these systems, however assumptions can be made. The mechanism is approximately 500mm 

in width and 300mm in height and we can assume 40% infill, so an approximate weight of 

15kg. 

Additionally, the gearboxes relate to each other as well as the exit PTO shaft via custom-

made slip-on sleeves. 

3.1.2  Pressure vessel barrel 

A barrel shape will be used both for holding the apples while pressure is applied to them 

and as a storage container for the juice. 

To satisfy the operation conditions as specified, the apple barrel has been created with an 

internal diameter of 0.4 m and a height of 0.35 m.  

 𝑉 = 𝑝𝑖 ⋅ 𝑟2 ⋅ ℎ (4) 

The formula describes cylinder volume; V is the volume; r is radius and h the height. 

With a simple calculation using the formula for cylinder volume, we get that the juicer can 

squeeze out 44L of apples per batch or about 1/3 of our daily production per batch. To not 

put great pressure on only 1 opening, several slits have been created at the bottom thru 

which the juice can drain into a collection disk that drains it into the collection barrel. The 

modelled pressure vessel can be seen in Figure 20. 
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Figure 20: Pressure barrel 

The slits are 40mm tall and 32mm wide with a 20mm gap between them and there’s 4 of 

them; they have been created with the appropriate thickness and dimensions so that they 

don’t give out yet still to be small enough so that the apples get caught in them and the juice 

drains. 

The barrel is quite thick, at 4mm (about 0.16 in), this is to withstand the pressure created. 

The weight of the barrel is less of an issue as it is meant to be pulled and maneuvered with 

a tractor instead of human labor. 

According to the resource CNCLATHING. (n.d.) a steel grade of 304 is needed to satisfy 

the strength and yield demands as it can handle 90 000 psi of tensile stress, ASI 304 is also 

a stainless steel, so it perfectly matches the requirements Euro Inox (2007). 

 𝑉 = 𝜋ℎ(𝑅2 − 𝑟2) (5) 

Volume of the hollow cylinder, we then just multiply the volume and the density of the 

material. Using a simple formula, this barrel can be approximated to weigh 17kg while 

empty. 

3.1.3  Screw 

The screw itself is 0.025 m in diameter and 0.25 m in length (this is an industry standard, 

and a replacement can be bought online) with a 4 mm inlay, also made of stainless steel. It 
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is attached to a baseplate and a gear that turns it. The baseplate covers the entire opening 

allowing for maximum force application while the gear is attached to a gearbox that converts 

the rpm of the PTO into adequate torque to squeeze the apples. The actual screw can be seen 

in Figure 21; the image comes from the immediate seller website. 

 

Figure 21: Screw for the basket press as is seen commercially available (Veritas Tail vice 

screw n.d.) 

From the website specifications the screw weights 1kg and it rotates in the clockwise 

rotation to go in and counterclockwise to go out, as with most other screws. It is an 

industry standard which has already been stress tested and confirmed to work in this use 

case. 

3.1.4  Pressure plate 

The pressure plate is 0.4m in diameter and 5mm thick; this is again to withstand the great 

pressure created. There is an indent and bolt holes onto which the screw mounts itself on. 

Due to being in contact with the apples, it is made of the same ASI 304 stainless steel, giving 

it a weight of 5kg. (another option would be 17-4 PH as it is quite suitable too, however for 

this thesis 304 was chosen). It is additionally reinforced to reduce the stress and strain on the 
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screw contact area. Cleaning is simple with water and soap to get the juice remains and 

detritus off the plate. 

3.2  Design of pasteurization system 

This section concerns the pasteurization system which eliminates the harmful microbes in 

the juice which prolongs shelf life and reduces health hazards. The design was done in 

SolidWorks with all the additional data extracted from the manufacturing/commercial 

product’s website. 

3.2.1  Collection barrel 

The barrel underneath the collection pan holds the apple juice. The barrel itself is the 

simplest, it is just a stainless-steel barrel downsized from the pressured barrel without the 

out cuttings holding 35 litres of juice; its dimensions are 0.4m in internal diameter and 0.30m 

in height with 1.5mm thick walls. 

Different resources offer different estimations on pasteurization (Wilmot 20221) however 

20 minutes can be taken as a safe measure at 75 degrees Celsius. 

The same grade of steel here is selected as the abovementioned parts, since it needs to hold 

a large amount of liquid, get heated and needs to be under a pressured vacuum. Due to this 

the stainless-steel grade 304 was selected for the barrel.  

Using the same formula as above we get that the barrel weights approximately 12kg due to 

being double walled and vacuum sealed. 

No simulation or analysis was made here as there is no significant force acting upon the 

barrel to require as such. 

To prevent injury the holding barrel is double walled with a vacuum in-between to prevent 

heat radiation, in a similar principle to how a thermos bottle works. 

In the middle of it is a hole through which the heating element peers in to heat the juice, the 

barrel also has a small outcropping at the bottom to facilitate the cables as well as the 

thermostat and controls. 
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3.2.2  Heating element 

On the bottom of the barrel there is a hub plate which holds and a heating rod (here is a 

referencing to a specific thermostat as an example: the Industrial 3kW Flange Immersion 

Heater with Thermostat from Made in China website, there’s a reference link in the 

references) to a central display which controls the heat (the thermostat itself), the thermostats 

are pushed thru holed of 1,5 cm in size as that is the standard size commercially available. 

The thermostat then connects to the heating element, allowing for temperature control. Once 

the juice reaches the adequate temperature the heating element cycles on and off as needed. 

The heating element are connected to the power source; this can be the tractor battery or 

some other form of electricity; this is outside of the scope of this thesis. The heating elements 

are at the bottom so that the colder unheated juice can sink while the warm one can float up 

so less stirring is needed. 

The heating element works cyclically; it heats up the liquid up until the needed temperature 

and then it turns off and on cyclically to keep the temperature at the needed point for the 

whole duration of the pasteurization. 

To properly pasteurize the juice a heat between 60-75 C needs to be held for 20 minutes, and 

this heating rod achieves that temperature within 30 minutes (as stated on the product 

website), which means that the total batch completion time takes 50 minutes (not including 

cooling) per barrel. The heating element uses 3kw, 230V and 13amps and weights 300 

grams. 

3.2.3  Stirring and extraction 

Stirring is still needed, and while a small motor/pump did come into consideration this was 

judged to be overly complex for what is a relatively simple operation that only lasts 40 

minutes at a time; manual stirring every 5-10 minutes is adequate here. 

The retained apple juice can remain in the collection and heating barrel to cool off, or it can 

be transferred to another cooling barrel while this one gets used to pasteurize another batch. 
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3.3  Design of transportation system 

The whole mechanism is meant to be welded onto a transportation trailer and then 

transported around on top of that. Due to the design, it is suitable for most flatbed trailers to 

be used on them, however for this specific design a simplified trailer will be created that 

attaches to the tractor hook. This is however only a simplified trailer design as the trailer 

itself isn’t the focus of this thesis. The trailer itself is made with a single wheel as double 

was judged unnecessary and this is just a simplified design without even a hook to attach to 

the tractor hook. 

It sits at the edge of the carriage so that it’s able to have a small cutout for the collection and 

pasteurization barrel to sit, meanwhile the gearbox is rotated off to the side so that the tractor 

PTO can attach to it effortlessly. 

No structural analysis was made here as the forces acting are negligible. 

The trailer and press itself are connected with a weld between them, thus securing them in 

place; bolts would also function however that would add complexity to the design. All other 

parts and components just fit and connect to each other and can be replaced. 

3.4  Safety and operation 

For safety reasons shield guard exists between the spinning shaft of the PTO and the gearbox 

(Corrêa et al. 2016) as this improves safety, the only need is for the PTO be slotted into the 

correct entrance and from there the operation can begin. This guard is commercially 

available and as such not 3D modelled. 

Working position is simple, as once the PTO and gearbox are connected all that is needed is 

for the motor to engage and give power, once that happens the squeezing begins. Before the 

pressure however the barrel needs to be loaded with apples. Apples are put in the gap 

between the pressure plate and the barrel, once capacity is reached operators stand clear of 

it and allow for the machine to operate. 

Once enough juice is collected the pasteurization takes place, where manual stirring with a 

disinfected rod is recommended, due to the barrel containing the pasteurization being 
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vacuum sealed there is little danger of burns, even with direct contact, unless someone falls 

into or touches the liquid. Temperature control and the thermostat are at the bottom of the 

machine. 

Once pasteurized the liquid can be left to cool, syphoned off and a new batch can be created. 

The cleaning of this is relatively simple, all that is needed is water and soap with ample space 

to mauver and clean, this preserves the simplicity of the design greatly. 

3.5  CAD model of the apple press 

Here the 3D models will be presented; note that the 3D models are often simplified to an 

extent and that some parts were modelled together (e.g. Collection barrel and the thermostat); 

these are counted as 1 model despite being 2 components. Table 6 showcases which 

components the model consists of as well as their quantities. 

Table 6: Component table 

Pressure barrel x1 

Collection barrel (heating element included) x1 

Pressure screw x1 

Pressure plate x1 

Gearbox box x1 

Worm reduction gear x1 

Reduction gear x1 

Shaft PTO x1 

Connection ring x1 

Barrel holder x1 

Trailer x1 

Figures 22 and 23 showcase a fully completed and assembled 3D model, the top is 

purposefully left opened to showcase the gearbox mechanism and how it meshes together 

inside of the gearbox. 
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Figure 22: CAD model from the front 

 

Figure 23: CAD model from above 
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The 3D models seen in the Figures 22 and 23 above are pictured from 2 angles, above and 

in front, to expose and make all the components visible and exposed as well as to see their 

connections. 

3.6  CAD drawing 

Figure 24 is the CAD drawing pointing out all the components and parts of the design. These 

parts and components are pointed out and listed. 

Figure 24: CAD drawing of assembly 

 

As can be seen all the parts connect, with the component 6 being held in place with an indent 

in the holding plate, same with component 5 however it is also being held together by 

component 3, component 12 and 9 being welded together as it minimizes the risk of 

breakage, components 1 and 8 are being held together by component 7 so that the PTO and 

gearbox can detach meanwhile component 11 simply screws in. 
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3.7  Static structural simulation 

In this section we see the results of the structural simulation; the objects simulated are the 

pressure barrel, the baseplate and the holder itself.  

The screw was deemed unnecessary to simulate since the component itself is a commercial 

part, the trailer doesn’t experience enough force to be necessary to simulate, and the 

pasteurization vessel doesn’t undergo any great mechanical stress. It does undergo marginal 

thermal stress however it isn't so great as to require simulation (only reaches a temperature 

of 70C for 20 minutes). Figure 25 showcases the pressures acting on the pressurized barrel 

where the apples will be pressed. 

 

Figure 25: Forces acting on the container 

From the simulation in SolidWorks here we can see that even when subjected with a load of 

7000N the vessel remains under the yield limit, as such the material and design is suitable 

for this application. 

The baseplate has undergone simulations and simulation, and here we can clearly see that 

even under the applied pressure it remains below the yield limit, where even when loaded 

with double the force at 7000N it remains beneath the material yield limit. Figures 26 and 

27 showcase the yield limit and pressure applied on the baseplate as well as the barrel holder. 



48 

 

 

 

Figure 26: baseplate under load 

 

Figure 27: The load on the holder 

As seen from the simulations all the stresses are bearable and beneath the yield limit, 

giving a gracious safety number above 5 in every case, which is sufficient and desirable as 

this device needs to deal with high pressure. 
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4  Analysis 

This chapter deals with the evaluation and success of the design in achieving its objectives. 

The designs advantages shortcomings and possible improvements as well as comparisons to 

already existing juicers. 

4.1  Desing evaluation 

The goal of this thesis is to create an apple press to fit in-between the large commercial 

market and the manual small household market, it achieves this with mechanical pressure 

and gear transmission system that juices the apples as well as a pasteurization system that 

pasteurizes the gotten juice.  

The critical design features are the pasteurization barrel, the power transmission system and 

the press itself. 

The safety factors lie at 36 for the pressure barrel, 7 for the baseplate. 

4.2  Possible changes and improvements 

The weaknesses and breaking points are obviously on the main ring where the screw pushes 

as well as at the exit holes where the juice drains from, there we can see a great increase in 

strain.  

Here it is also obvious to see the limitation of such a design, as the screw press allows for 

great extraction of juice however it’s power begins to be insufficient and complexity too 

great for any bigger expansion or commercial application; this explains why almost all 

commercial plants use a twin screw mechanism. 

It is also obvious by comparing the gearbox size to the rest of the 3D models we can see that 

we are reaching the limit for this type of pressing design as the gearbox and the whole 

process itself is increasing in size at a faster rate than its efficiency allows; other types of 

presses are more compact and efficient processing. 
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4.3  Comparison to other commercial products 

A preliminary market analysis indicated that small 6 L apple presses without integrated 

pasteurization systems retailed for approximately €70–100, while entry-level commercial 

presses generally exceeded €700. The components here are mostly all commercially 

available, with the heating element being the single most expensive component laying at 80e 

(including the thermostat), the screw being €25, everything else can be bought or made for 

a lesser price. This doesn’t count for the actual pressing barrel as that would need to be 

custom made. If one looks in the tractor attachments section then the price rises higher, a 

minimum of €1000 for any attachment. The end price of the product would however be in 

any regard cheaper than both an attachment and processing machine separately, including 

material cost. 

In terms of capability, it outpaces any small manual apple press, both in capacity (they only 

go up to 20L) and speed as well as pasteurization, It does however fall short of actual 

commercial processors which can process over 3000L per hour (Remo and Remo 2025). 

However, that’s a good thing, as this machine is meant to be used as an in-between system, 

not as powerful as the commercial ones but not as slow and low capacity as the manual and 

small-scale production ones. To calculate the weight is simple; the volume calculated from 

the formulas is multiplied by the density of the material (7.93 g/cm3) from which the table 

is gained. Table 7 showcases all the different component weights and their quantity. 

Table 7: Weight of all components 

Part Weight Number of parts 

PTO shaft 1 kg x1 

Pressure barrel 17 x1 

Collection barrel 12kg x1 

Gearbox assembly 15 kg x1 

Heating element 0.35 kg x1 

Total 45kg  

Not included in the weight of the assembly is the trailer itself as that would be too hard to 

estimate accurately due to being so custom made and with many different part shapes and 

materials. The weight of the trailer is also irrelevant as it has no influence on the 
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performance since it is attached to the tractor. For the sake of theory, it can be assumed to 

weigh approximately 250kg. Table 8 showcases all the different component price and the 

final total product price. 

Table 8: Components and their price 

Components Price 

Screw 25 

Heating element 80 

Pressure barrel 205 

Juice barrel 80 

Pressure plate 30 

Trailer 400 

Barrel holder 50 

Gearbox 80 

Connection ring 10 

Total €960 

 

The price was hard to accurately estimate due to the fact that several of the components had 

to be custom made, so the approach taken was to compare the price of similar commercially 

available items and take that as a rough estimate, for the components that we had a definitive 

price for those were inputted, all the amounts are in euros. The PTO is not included here as 

that is a component that comes from the tractor. 

In the table the price of work is excluded, this is purely the raw material cost of the 

components. 
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5  Conclusion 

This thesis concludes with the result that yes, this design is functional and would fit in well 

with the production of current designs. It is appropriate for its use and capable of 

withstanding all necessary forces and applications. It fits and is suitable for the European 

standards while also achieving its goal of facilitating more small-scale farmers with easier 

and more efficient harvesting. 
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