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Different people have different taste preferences. Personalized food production can address 

the unique food preferences and needs of consumers by allowing consumers to choose from 

a variety of ingredients and preparing ready to eat food based on that selection. A transition 

to personalized food production is essential to meet the unique preferences of consumers.  

 

Various technological solutions to develop a novel pasta meal making machine was analyzed 

using literature review, systematic machine design process and laboratory bench tests. 

Important functions of different units of on-demand pasta production machine were 

identified and several possible solutions for each function were critically analyzed to choose 

the optimum solutions. The systematic machine design process was aided by laboratory 

bench tests to define the flour mixing and cooking unit operations of the pasta machine. 

 

As a result of this thesis a working mechanism and three-dimensional model representation 

of an on-demand pasta meal production machine was developed. The results of this thesis 

can be used to develop a physical prototype of the pasta meal making machine.   
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1 INTRODUCTION 

 

 

Personalized food production can address the unique food preferences and needs of the 

consumers. It makes the personalization possible by allowing consumers to choose from a 

variety of ingredients and preparing ready to eat food based on that selection. The mass 

production of food is not enough to fulfill the growing need of consumers that want food 

tailored for their individual needs and preferences. Personalized food production systems 

can also help in reducing the food waste, as food is produced based on demand. (Derossi, 

Husain et al 2020, p. 1141-1159.) 

 

The development in personalized food production is taking place utilizing various 

technologies such as robotics, mechatronics and three-dimensional printing. In context of 

personalized mechatronic food production systems, development of compact and efficient 

sensor and actuator technologies is facilitating the growth of automated personalized food 

production systems. The development of compact non-contact level detection switches for 

example are opening possibilities for automated raw material level detection in compact food 

manufacturing systems preventing any risk of food contamination. Similarly, the 

development of compact linear electric sliders with integrated position monitoring system 

makes it possible to develop compact automation systems suitable for unit production at a 

time. (Gray, Davis 2013, p. 23-32.) 

 

The fundamental sub-systems of a personalized food dispensing system are shown in Figure 

1. It consists of a customer interface, where the customer can place an order and make 

selections of the ingredients. The different stages in the preparation of cooked food are 

ingredients dosing, blending raw ingredients and cooking. These processes are controlled 

using a microcontroller and depending on the requirements and type of food being cooked, 

different components like motors, sensors, actuators, etc. are used. The information from the 

order placed by the customer is used to formulate and show nutritional data of the food 

ordered by the customer. (Pat. US2006081653A1 2006, p. 1.) 
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Figure 1 Personalized food-dispensing system (Pat. US2006081653A1 2006, p. 1). 

 

1.1 Objectives of the thesis 

The main objective of this thesis is to develop a blueprint of a mechatronic system that 

produces ready to eat, fresh personalized pasta meal on the site. Specific objectives of this 

research thesis are presented below. 

• Implement systematic machine design process and laboratory bench tests to identify 

the requirements of the system. 

• Identify the most important functions from the requirements list and find 

technological solutions through brainstorming, background research and laboratory 

bench tests.  

• Perform bench tests to determine mixing and cooking parameters to define the 

requirements and solutions of flour mixing and cooking unit. 

• Develop three-dimensional model of a personalized pasta meal-making machine in 

a commercial Computer-Aided Design (CAD) software based on selected 

technological solutions. 
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• Develop working mechanism of a personalized pasta meal-making machine based 

on selected technological solutions and unit operations defined from laboratory 

bench tests. 
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2 AUTOMATED AGILE CONSUMER CENTRIC FOOD PRODUCTION  

 

 

Automated agile consumer-centric food production is about tailoring on-site food 

manufacturing based on consumer-centric preferences (e.g. ingredients, texture, and taste) 

and needs (e.g. nutrients). Developing an automated agile food manufacturing system 

requires understanding of interdisciplinary fields like food science, automation and 

mechatronics. Food science helps in providing processing conditions for automated food 

production system and identifying the requirements of the system. Mechatronics and 

automation then provide technological solutions that makes it possible to personalize food 

on-site. The combination of these fields makes it possible to develop an automated agile 

food manufacturing system. 

 

2.1 Agile manufacturing in food production 

Agile manufacturing is the ability of an enterprise to tackle unforeseen and repeating changes 

that require fast and efficient actions to survive and flourish in a demanding market. The 

actions taken by an enterprise should be customer-oriented. (Manivelmuralidaran 2015.) In 

context of food manufacturing, agile manufacturing is about personalization of food by 

providing selection of ingredients, textures or nutrients toward individual needs and 

preferences. 

 

One approach to implementing agile manufacturing in food production is through mass 

customization. Mass customization is the ability of a production system to satisfy the needs 

of individual customers while maintaining the efficiency of a mass production system. 

Customization of food has been more noticeable in fast food industries, whether it be 

production of fresh or packaged food items like pizza, sandwiches and burgers. (Boland 

2006, p. 7-8.) 

 

2.2 Requirements of decentralized food production systems 

Decentralized food manufacturing is a localized food manufacturing method that relies on 

small scale production. The localized production enables decentralized food manufacturing 

to be more suited for mass customization, compared to centralized food manufacturing. 

(Almena, Fryer et al. 2019.) Service, manufacturing and collaborative robots (cobots), 
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mechatronics and automation and autonomous vehicles can constitute a decentralized food 

production system depending on the scale of personalized food production and services 

offered.  

 

2.2.1 Mechatronics and robotics 

A mechatronic or robotic system includes a combination of mechanical, electronic, electrical 

and control systems. There are four fundamental components of a mechatronic system. They 

are actuators, sensors, control unit and mechanical components. (Onwubolu 2005, p. 1-12.) 

Developing a robotic or mechatronic food production system requires understanding of these 

fundamental components. 

 

Both mechatronic and robotic systems are inter-related. A robotic system utilizes robotic 

arms with higher degrees of freedom or a physical robot to perform food production tasks. 

A mechatronic system on the other hand has several individual units programmed together 

to automate a task without human intervention. A mechatronic system utilizes sensors and 

actuators just like a robotic system. (Onwubolu 2005, p. 1-12.) 

 

A control system is a system that consists of one or more controller that provides a desired 

response from a system to be controlled. A control system runs a set of instructions using 

controller based on the input provided to the system. The information from the controller is 

fed to the actuator to complete a process to obtain a desired output (Figure 2). Various 

controllers like Programmable logic controller (PLC), Arduino, microcontrollers, etc can be 

used in a control system. The input of a control system can vary from direct human input to 

response from sensors. (Smarajit 2004, p. 1-3.) 

 

Figure 2 Control system (Smarajit 2004, p. 1-3). 

 

Actuators are devices that convert energy to perform work. Electric, hydraulic, and 

pneumatic actuators are some of the most popular actuators used in industries. Electric 

actuators use electric energy to perform work. Hydraulic actuators use fluid or oil to perform 
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work. Pneumatic actuators on the other hand use air as the energy source for performing 

work. (Kececi 2019, p. 145-154.) 

 

Electric actuators are further classified into rotary and linear actuators based on their working 

principle (Figure 3). Linear electric actuators use screw assembly driven with the help of 

motor to provide linear motion (Figure 3). Depending on the type of motors used, linear 

electric actuators could be further sub classified. The types of motors used in electric linear 

actuators are direct current (DC), alternating current (AC), servo AC/DC, stepper, brushless 

direct current (BLDC) and servo BLDC. Rotary electric actuators use incremental rotational 

movement of the output shaft to provide movement. (Zhang 2008, p. 100-101.)  

 

Figure 3 Electric rotary actuator and linear slider (Festo n.d). 

 

Sensors have opposite working principle compared to actuators. Sensors are devices that 

produce electric signal in response to stimulus received. Sensors can be used to measure and 

quantify a variety of parameters such as position, speed, force, pressure, flow, sound, 

moisture, light and, temperature. During the automated food manufacturing process to 

ensure consistent quality, variables such as temperature, flow and, position needs to be 

measured through food manufacturing process. (Berrie 2013, p. 44.) 

 

Resistance temperature detectors (RTD) and thermocouples are two commonly used sensors 

in food production. RTDs consists of a thin-film or wire usually made of nickel or platinum 

with standard resistance. They have an operational temperature range from -200℃ to 
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+850℃. Thermocouples are the other popular type of temperature detection device used in 

food production. Thermocouples consists of two different metal wires, joined at their ends. 

A current flow is developed in the wire loop due to the potential difference created when 

two ends are kept at different temperatures. This flow of current is the basis for measuring 

the temperature using thermocouple. (Berrie 2013, p. 49.) A temperature sensor combined 

with heating element and temperature controller can be used for heating water at certain 

temperature. A controller is required to process the input from a temperature sensor to 

perform a predetermined action. The controller used can be Programmable logic controller 

(PLC) or a standalone Proportional integral derivative (PID) depending on the requirements 

of the system. A PID, in comparison to PLC can be used in systems that require more precise 

control of temperature. In food production process, unaccountable changes in temperature 

of food products, usually stored raw food materials can deteriorate the quality of food 

products. To prevent deterioration in quality of food products, temperature sensors combined 

with a controller can be used to monitor the temperature of raw food materials in food 

production process to prevent deterioration in its quality. (Berrie 2013, p. 46-48.) 

 

Level sensors allow detection of level of raw materials inside storage unit of an automated 

food production system. There are varieties of level sensors available in the market from 

ultrasonic level sensors to capacitance level sensors (Figure 4). Ultrasonic and capacitance 

level switches are both non-contact level detection sensors. Ultrasonic level sensors detect 

the level of the raw materials by sending an ultrasonic wave to the surface to be measured. 

The time between transmission and reception of the wave is the distance to be measured. 

Capacitive level switches on the other hand detect the level of raw material as the change in 

capacitance. (Morris & Langari 2016, p. 535-537.) Non-contact level detection sensors 

measure level of the raw material without physical contact, which prevents any possible 

contamination.   
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Figure 4 Capacitive level sensor (Gems Sensors n.d). 

 

Position sensors or limit switches are the other critical components of an automated food 

production system (Figure 5). There are varieties of position sensors depending on their 

working principle, which are available in the market. Some of the popular position sensors 

for application in automated food production systems are capacitive and, optical position 

sensors. In addition, limit switches can also be used as an alternative to track an object in the 

conveyor belt before triggering an action (AZoSensors 2013). 

 

Figure 5 Electrical limit switch (Festo n.d). 

 

2.2.2 Food grade design and quality control measures 

In a food production process, cleaning and disinfection are very essential step allowing the 

removal of contaminants. Traditional cleaning methods such as chemical cleaning poses risk, 

as chemical residues remaining on the cleaning surface can contaminate the food. (Otto, 

Zahn et al. 2011, p. 171.) Similarly, traditional thermal cleaning involving cleaning surfaces 

with high- and low-pressure water jets, require higher water volumes to do effective cleaning 

(Kakurinov 2014, p. 217.) High-pressure steam cleaning is used to clean and blow off debris 

from the surface using pressurized steam. This method of cleaning is also not a reliable 
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method of cleaning as it causes condensation and fogging during the cleaning process. 

(Marriott, Schilling et al. 2018, p. 205) 

 

Ultrasonic cleaning technology uses ultrasonic sound waves to agitate variety of solutions 

to clean surfaces. The main components of an ultrasonic cleaning system are ultrasonic 

generator, ultrasonic transducers, and aqueous solution as shown in Figure 6. Ultrasonic 

generator can be used for generating high frequency mechanical energy that vibrates the 

transducer in contact with the aqueous solution. This agitation of the aqueous solution, which 

is filled in the surface to be cleaned helps in removing dirt from the surface to be cleaned.  

(Hancock 1994, p. 44-47.) Ultrasonic cleaning is a non-toxic cleaning method that is 

effective at microbial inactivation. This method of cleaning requires lower running cost and 

is energy efficient. (Majid, Nayik et al. 2015, p. 7.) 

 

Figure 6 Ultrasonic cleaner schematic diagram (Hussein & Khairou 2014, p. 2158). 

 

For parts used in contact with food, material of construction must be compatible with the 

food product and cleaning process. The material of construction must be smooth, non-toxic, 

easily cleanable, and mechanically stable. For metal parts that are in contact with food 

product, stainless steels 316 and 304 are most suitable. Various plastic materials can be used, 

where specific mechanical properties of metal are not required. Plastic materials used in the 

construction of food contact parts should be odorless, smooth, and free from crevices that 

could harbor contamination. (Moerman, Kastelein 2014, p. 678-680.) 

 

Surface of parts coming in direct contact with the food product must have smooth surface 

finish. Crevices in the food contact surfaces should be avoided in the design process. Dead 

areas that may trap food in the machine should be avoided. Parts of the food processing 

machine should be easily accessible for inspection or cleaning. Food contact parts should be 



16 

 

accessible for manual cleaning. Mechanical joints, sharp corners should be avoided for parts 

that are in contact with food product. (Moerman, Kastelein 2014, p. 675-678.) 

 

2.2.3 Food manufacturing robots and cobots 

Manufacturing robots or collaborative robots (cobots) have a long history in food industry 

in packaging and palletizing. However, the rigors of the food-processing environment, such 

as requirement of hygienic end grippers and robotic arm to match human dexterity have 

limited the use of robots for food processing tasks. The scenario is slowly changing with 

robot manufacturers finding solutions to deal with the rigors of the food processing plant. 

For example, to meet the requirements of hygienic non-contact gripper to be used in robotic 

arms in food production lines, grippers based on Bernoulli principle has been developed. 

Non-contact grippers use airflow to create suction to lift and hold objects at distance without 

any physical contact. Grippers based on Bernoulli principle use airflow generated based on 

Bernoulli airflow principle to create suction to grip objects without contact. Similarly, robots 

in food production line have been developed to match human dexterity in handling delicate 

food products. (Gray, Davis 2013, p. 28-30.) Manufacturing robots or cobots can be used in 

a personalized food production system in doing operations that would require dexterity and 

flexibility in movement. 

 

Robotic kitchens can prepare pre-ordered meals by using a fully automated process which 

allows high quality food production at lower cost. Spyce kitchen is a robotic restaurant where 

customers can choose from a variety of meal bowls and their meal is prepared with different 

sauces and ingredients in less than 3 minutes. Raw ingredients are dosed at first onto the 

wok, mixed and then cooked by induction heating. After the cooking process is completed, 

cooked meal is dispensed in a bowl. The final step in the cycle is the cleaning and sanitation 

of the wok using hot water and chemicals as shown in Figure 7. In addition, the robotic 

kitchen is programmed to monitor the cooking process, refrigeration of raw materials and 

water temperature. (Pat. US2017172350 A1 2017, p. 1.) 
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Figure 7 Spyce kitchen (Pat. US2017172350 A1 2017, p. 1). 

 

Another example is a semi-automated pizza production system by Zume Pizza Inc. The 

semi-automated pizza production line uses robotic arm developed by ABB to facilitate in 

various stages of the pizza production process. It all starts with a human worker making a 

pizza dough and placing it on the conveyor line. In the next step, a robot pours tomato sauce 

in the center of the pizza dough. The cobot then spreads the tomato sauce in the pizza dough. 

A human coworker takes the next step in the pizza production process, by preparing and 

putting topping on the pizza dough. Cobot then puts the pizza in the oven and takes the pizza 

out of the oven when it is cooked. The use of cobot in putting and taking out pizza from the 

oven, eliminates risk of exposure of human worker to extreme temperature. A human worker 

does the final step, which is packing of the pizza. (Pat. US 2017290345A1 2019, p. 1.) 

 

A fully automated robotic kitchen by Moley robotics consists of a pair of robotic arms at the 

center of a robotic kitchen along with touch screen, oven, and shelf for keeping food and 

utensils. The robot is programmed using the movement of a chef while preparing a dish. The 

chef prepares the dish wearing special gloves, which are filmed using three-dimensional 

motion capture technology. The robot learns to cook dishes using this technique as well as 

mimics the chefs’ style while cooking the dish. (Pat. US 2018257219A1 2018, p. 1.) 

 

A fully automated bread making system developed by Wilkinson Baking is targeted towards 

grocery stores (Figure 8). The automated bread making system consists of a priming unit for 

dry and wet ingredients, mixing unit for creating dough, forming unit for forming the dough 
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into a predetermined shape, oven for baking the dough received from the forming unit and a 

controller to control the whole baking operation. There is also a storage unit to store the 

baked loaf of breads. The mini bakery can make ten loaves of bread in an hour. The bread-

making unit is equipped with sensors and advanced control units that can monitor 

consistency in the bread, mixer speed and relative humidity of the dough. (Pat. US 

2018249721A1 2018, p. 1.) 

 

 Figure 8 BreadBot (Wilkinson Baking, n.d). 

 

Kitchen assistant cobot developed by Miso Robotics can work in a grill, flipping burger 

patties or in the frying space. This cobot uses combination of sensors that is an Infrared (IR) 

camera and secondary sensor to monitor the food during the cooking process. The 

information from the IR camera and sensor is used to identify the food and determine its 

location. The output from the combination of sensor and camera is also used to trigger 

cooking actions from the cobot. (Pat. US 2018345485A1 2018, p. 1.) 

 

2.2.4 Service robots 

Service robots are self-learning autonomous systems that can autonomously navigate, 

interact, and provide service to customers. Service robots perform their actions and navigate 

with the help of sensors, cameras. These robots use artificial intelligence to learn from the 

actions they did in past to make future decisions. Service robots can be used as part of a 

personalized food manufacturing system where they interact with consumers and provide 

ordering and delivery services of food to consumers. 
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A robotic bar developed by Makr Shakr consists of two, six-axis waterproof robotic arms 

that it uses to mix and serve drinks ordered by the customer (Figure 9). The robotic bar 

consists of 158 bottles of drinks fitted with valves to dose the amount of drinks with 

precision. Two screens are included in the robotic system for customers to monitor the 

progress of their orders. The robotic system also has juice, soda, bowl dispensing and ice 

machine. The process starts with customers placing the order through their smartphone app; 

customers can choose from existing drink recipe or create their own. The customer then 

receives a Quick Response (QR) code, which they can use to fetch the order after it is ready. 

(Makr Shakr 2019.) 

 

Figure 9 Makr Shakr Bruno robotic bar (Makr Shakr 2019). 

 

An autonomous commercial service robot developed by Keenon Robotics as shown in 

Figure 10 is a food delivery robot that uses Light Detection and Ranging (LIDAR), sensors, 

machine vision, artificial intelligence, Global Positioning System (GPS) to navigate indoors 

autonomously and deliver food to the table of the customers. The inbuilt voice recognition 

technology allows the robot to take orders. (Keenonrobot n.d.) 
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Figure 10 Peanut robot (Keenonrobot n.d).   

 

The other type of service robot used in restaurants is a humanoid as shown in Figure 11. It 

can navigate on track line as well as utilize mapping for navigation. It uses LIDAR, sensors, 

GPS, artificial intelligence, and a control unit to bring dishes to the customers table, 

navigating on its own. This humanoid is also able to collaborate with other similar robotic 

waiters to perform tasks using artificial intelligence. This service robot can also dock itself 

automatically in a charging station when necessary, using its autonomous navigation system. 

(Paailatechnology n.d.) 

 

Figure 11 Ginger humanoid (Paailatechnology n.d). 
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The advancement in technologies such as LIDAR, artificial intelligence, sensors, control 

unit and actuators have made it possible for the development of several commercial 

autonomous service robots tailored for use in food industry to provide personalized 

experience to customers.  

 

2.2.5 Autonomous food delivery vehicles 

Food industry has been testing and developing self-driving autonomous vehicles for food 

delivery purposes. Dominos, Uber eats, and Starship technologies are some companies 

experimenting with autonomous delivery of food. These autonomous food delivery robots 

can be used in combination with automated food manufacturing systems to provide a 

completely autonomous food production and delivery solution as part of a decentralized food 

production infrastructure. 

 

Starship technologies have developed a self-driving delivery robot to deliver food from 

restaurants and groceries. The delivery robots have an operation range of six kilometers. The 

robot comprises of sensors, control module, monitoring module, Graphical User Interface 

(GUI), machine learning and radars allowing it to navigate around without any human 

intervention. (Pat. US2018232839A1 2018, p. 1.) Domino’s is collaborating with Nuro, a 

self-driving car company to make autonomous pizza delivery possible. The Nuro self-

driving vehicle uses radar, sensors, control system, machine vision, GPS and LIDAR to 

navigate autonomously. Customers can use their smartphone to unlock a compartment in the 

vehicle that has their order. (Pat. US2019049988A1 2019, p. 1.) 

 

Another example is an autonomous grocery store on wheels that is fetched by customers 

using an app. When a person orders the nearby grocery robot using the app, it navigates to 

the person’s location. The person can then open the door of grocery robot from the app. The 

person can do a selection of grocery items on-site and will receive invoice for it. This grocery 

robot navigates using radars, LIDAR’s, sensors, cameras, and advanced control unit. 

(Robomart n.d.) 
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3 METHODS 

 

 

The design of a personalized on-site pasta production machine was done using systematic 

machine design process. The systematic machine design process involved identifying the 

requirements of the system, identifying important functions of different units, finding 

solution variants for important functions , selecting optimum solutions for various functions, 

developing a working mechanism for the machine and developing a three-dimensional 

model of the machine. The requirement list for personalized on-site pasta machine was 

defined by identifying the demands and wishes for the system and based on laboratory bench 

tests.  

 

3.1 Bench tests 

3.1.1 Materials 

Commercially available durum wheat flour (Myllyn Paras, Hyvinkää, Finland) and organic 

chickpea flour (Risenta, Sweden) were used as raw materials. Durum wheat flour was 

supplemented with chickpea flour at various mixing ratios of Zero Percent Chickpea (C0), 

Ten Percent Chickpea (C10), Twenty Percent Chickpea (C20) and Thirty Percent Chickpea 

(C30).  

 

3.1.2 Flour mixing parameters 

Brabender farinograph model 2001 (Brabender OHG, Duisberg, Germany) equipped with 

50-gram mixing bowl was used to determine the mixing properties of the flour samples and 

water according to method of  Zounis et al. 1997. The experiments were run using mixing 

speed 63.1 rpm and 100 rpm. Water absorption was 41% for dough mixing in the farinograph 

and moisture content for each flour sample was determined using infrared moisture analyzer 

MB120 (OHAUS Corporation, Parsippany, New Jersey, United States) with fast, flour 

method and drying temperature set at 105℃. The mixing bowl and dough water temperature 

was set at 35℃ for the farinograph experiment. The initial set of dough mixing measurement 

was done using a lower speed of 63.1 rpm and the dough development was observed for a 

period of 10 minutes. The final set of dough mixing measurement was done using a higher 
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mixing speed of 100 rpm and the dough development was observed for a period of 10 

minutes. Duplicate dough samples were prepared for each mixture. 

 

3.1.3 Texture Profile Analysis (TPA) 

Pasta textural properties after optimal cooking of 2 min for C0, C10 and C20 and 3 min for 

C30 samples were determined using TA-XT2i Texture Analyser (Stable Micro Systems Ltd., 

Godalming, Surrey, UK) equipped with a 30 kg load cell according to method of Sozer et al. 

2007. Pasta firmness/stickiness rig was used to compress single pasta sheet placed under the 

compression plate at a time with 70 percent compression and 1mm/s speed. The experiment 

was performed in sextuplicate. Textural parameters (hardness, cohesiveness, springiness, 

and adhesiveness) of the cooked pasta was determined from the force-time curve generated 

using the software provided with the instrument. The hardness value was determined as the 

area of the curve representing the peak force during the first compression cycle. 

Adhesiveness was determined as the first negative force area; cohesiveness was determined 

as the ratio of positive force area during second compression to that of the first compression. 

Springiness was calculated as the ratio of distance to reach the original height during second 

and first compression. 

 

3.1.4 Analytical measurements 

Optimal cooking time 

Cooking experiment were only performed for 100% durum flour pasta to determine the 

optimal cooking time according to method of Sozer et al. 2007. Pasta sample were cooked 

for 30 seconds to 13 minutes and cooked samples were checked at an interval of 1 minute.  

The cooked samples were placed between glass slides and compressed to visually observe 

the degree of cooking. The disappearance of the white core of the pasta indicated the optimal 

cooking time.  

 

Water absorption 

Water absorption was determined for optimally cooked pasta samples according to method 

of Sozer et al. 2007. The cooked pasta samples were weighed soon after removing excess 

water and drying overnight in an oven at 105℃. The water absorption was calculated as 

relative difference of weight of dried and undried pasta and was expressed in percentage.  
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Cooking loss 

Cooking loss was determined for optimally cooked pasta samples according to method of 

Sozer et al. 2007. The cooking water sample was weighed before and after drying overnight 

in an oven at 105℃. The cooking loss was calculated as relative difference of weight of 

dried and undried cooking water and was expressed in percentage. 

 

3.1.5 Sample preparation 

Sample dough preparation for cooking time, TPA, cooking loss and water absorption 

experiment was done by using Brabender farinograph. Pasta dough prepared was rolled 

using Atlas 150 pasta machine (Marcato S.R.L, Campodarsego, Italy). The dough was folded 

and passed through the rollers at zero setting eight times, then doing one pass each from 

setting one to six. The resulting long sheet of pasta was cut into seven pieces using a square 

die with dimensions of 40 mm on each side. 

 

All cooked pasta samples for Texture Profile Analysis (TPA) experiment were prepared in 

triplicate.  Three sheets of pasta from three flour mixtures were cooked for 2 minute and a 

sheet of pasta with C30 flour mixture was cooked for 3 minutes for TPA measurement. The 

cooked sample was rinsed in cold water for 10 seconds and pat dried using paper towels. 

Single sheet of pasta from three flour mixtures were cooked for 2 minute and a sheet of pasta 

with C30 flour mixture was cooked for 3 minutes for the cooking loss and water absorption 

test. The cooked pasta sample was separated from the cooking water and excess water from 

the pasta sample was removed by lightly pat drying using paper towel.  

 

3.2 Systematic machine design 

The different stages of the systematic machine design process implemented in the design of 

pasta meal-making machine is shown in Figure 12. The initial stage in the design process 

was to define system borders. The resulting requirement list determined with the help of  

bench tests was utilized to break down the units of the machine and identify the important 

functions of these units. The next step was to brainstorm all possible solution variants for 

each function. The following step was to select and evaluate most suitable solutions for each 

important function. A working mechanism of the machine was developed based on selected 

solutions. (Pahl, Beitz et al. 2007, p. 145-199.) A three-dimensional model of the on-site 

pasta production machine was then developed using SolidWorks 2019.  
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Figure 12 Systematic machine design process 

 

The objectives and intended solution expected from the system was considered for preparing 

the requirement list. A list of requirements was defined by determining the objectives of the 

system, bench tests, properties it must have and properties it must not have. Then from the 

requirement list, the requirements were categorized as demands (D) and wishes (W). Desired 

requirements are the requirements that the system should have, whereas wished requirements 

may or may not be included in the system. The list was updated as the design process 

progressed. From the requirements list, the most important functions of each units of the 

system were identified. The next step was identifying various solution variants for different 

identified functions through brainstorming, results from laboratory bench tests and studying 

about relevant systems presented in Chapter 2. These solutions were then critically analyzed 

to find the most optimum solution for each important function. The selection of solutions 

from various functions was based on specific criteria for each solution. Based on these 

solutions a working mechanism of the system was developed along with three-dimensional 

model of the system in SolidWorks. The working mechanism of the system was described 

using flow diagrams 
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4 RESULTS AND DISCUSSION  

 

 

4.1 Bench tests 

4.1.1 Mixing parameters 

The curves in Figure 13 shows the torque development in Farinograph Unit (FU) during the 

dough mixing with respect to mixing time in seconds. The torque peaks at 170 seconds was 

2628, 2391, 2208 and 1947 FU for C0, C10, C20 and C30 samples respectively. The torque 

was rather steady after the three minutes mark. Although the farinograph reading was in FU, 

which is not directly convertible to SI unit. From literature certain approximation of FU in 

SI units was found, which is 500 FU ≈ 0.98 Nm (Huang, Wrigley 2016,  p. 314). Although 

it must be noted that there is no official approximation of FU in SI units. This makes the 

peak torque values for C0, C10, C20 and C30 to be 5.2 Nm, 4.7 Nm, 4.3 Nm and 3.8 Nm 

respectively. After three minutes of mixing, the curves are rather consistent throughout the 

remaining mixing time. This signifies that three minutes is the dough development time, 

which is the optimum mixing times of the flours. 

 

 

Figure 13 Torque development during mixing of C0, C10, C20 and C30 flour mixtures 
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4.1.2 Ricotta cheese proportion 

The refrigeration unit of ricotta cheese is of a cross-section diameter of 90 mm and a height 

of 200 mm. This unit can hold around 2000 gram of ricotta cheese. The weight of the dough 

prepared using farinograph was measured to be approximately 60 grams. Usually the amount 

of filling stuffed inside packaged pastas is around 45 percent of the weight of pasta. 

Considering this value, it can be assumed that the amount of filled pasta the machine can 

make before needing refill would be around 74. 

 

4.1.3  Texture profile analysis 

The mean and standard deviation values of adhesiveness (N.sec), hardness (N) and 

cohesiveness used for determining the quality of cooked pasta of four different samples are 

shown in Table 1. The values of adhesiveness, hardness and cohesiveness are the main 

attributes used in evaluating the quality of the cooked pasta. Cohesiveness is related to the 

ability of the pasta to hold together without disintegrating. Adhesiveness value defines the 

stickiness of cooked pasta. The higher value of cohesiveness and lower value of 

adhesiveness translates to better quality cooked pasta.(Sozer et al. 2007, p. 481-482.) The 

acceptable values of textural parameters of all cooked pasta samples means personalized 

pasta base can also be prepared in the pasta meal making machine. 

 

Table 1 Texture profile analysis parameters of cooked pasta samples 

Sample Mean values ± standard deviation 

Adhesiveness(N.sec) Hardness(N) Cohesiveness 

C0 -27± 6 155 ± 7 0.99 ± 0.05 

C10 -22± 6 174 ± 14 0.97 ± 0.03 

C20 -10± 3 178 ± 9 0.92 ± 0.02 

C30 -6 ± 2 

 

172 ± 7 0.92 ± 0.02 

 

4.2 Design of personalized on-site pasta meal-making machine  

A layout of a personalized on-site pasta meal-making system is shown in Figure 14. The 

different units i.e. dough mixing and extrusion unit, filling mixing and extrusion unit, pasta 

shaping unit and pasta cooking unit are controlled together using a Programmable Logic 
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Controller (PLC). The integral component of the entire unit includes various sensors and 

actuators, which helps in the automation of pasta making process. The user interface, a 

touch-screen display module allows customers to select fillings from a range of ingredients.   

 

Figure 14 Personalized pasta meal-making system 

 

4.2.1 Requirement list for on-site pasta production machine 

The requirement list is categorized based on geometry, energy, machine features, production, 

material and various units. The various units are dough mixing and extrusion unit, filling 

unit, filled pasta formation unit and cooking unit. The categorization of the units was based 

on key functionalities of the system. The initial requirement list was identified by defining 

the properties of the system. The requirement list was refined and extended as the design 

stage progressed. The requirement list for on-site pasta production machine is defined in 

Table 2. 
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Table 2 Requirement list for on-site pasta production machine 

Changes D 

W 

Requirements list for a personalized 

ready to eat pasta production machine 

Date:15/01/2020 

Page:1 

 

 

 

 

 

 

 

 

18/10/2019,22/10/2019 

18/10/2019 

 

 

 

 

 

 

 

 

 

22/10/2019 

 

 

15/01/2020 

 

 

 

18/10/2019 

 

 

W 

W 

W 

W 

 

 

W 

D 

 

 

D 

D 

D 

D 

 

 

D 

D 

D 

D 

D 

 

 

D 

D 

1.Geometry:dimension and shape 

Shape= rectangular 

Length= 1500 mm 

Width= 750 mm 

Height= 800 mm 

 

2.Energy: 

DC 24V 

Power conversion unit 

 

3.Flour mixing and extrusion unit 

Flour storage unit 

Time controlled mixing of water and flour mixture 

Forming of pasta in desired shape 

Temperature controlled water for mixing of flour 

 

4.Filling unit 

Storage and selection of filling ingredients 

Mixing system 

Dosing system 

Extrusion system 

Refrigeration unit 

 

5.Filled pasta-shaping unit 

Filling inside pasta 

Shaping, pressing and cutting the filled pasta to remove air 

pockets 
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Table 2 Continues Requirement list for on-site pasta production machine  

Changes D 

W 

Requirements list for a personalized ready to eat 

pasta production machine 

Date:17/10/2019 

Page:2 

1st issue 

 

 

 

18/10/2019 

18/10/2019 

15/01/2020 

 

 

 

 

 

 

 

D 

D 

D 

D 

 

 

D 

W 

D 

D 

 

 

D 

 

 

D 

D 

D 

 

 

D 

 

 

D 

D 

 

6.Cooking unit 

Cooking prepared pasta  

Dosing water for cooking 

Heating of water for cooking 

Tomato paste storage and dosing 

 

7.Machine features 

Raw material level detection 

Displaying cooking process 

Bowl dispensing 

Cleaning cycle 

 

8.Production 

Single pasta meal produced at a time 

 

9.Food grade design requirements 

Food grade components 

Easy to clean 

Smooth surfaces without crevices for food contact parts 

 

10.Safety 

Production inside enclosed frame to avoid accidents 

 

11.Maintenance and operation 

Daily intensive cleaning of food contact parts 

Daily refilling of water, flour and filling containers 
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4.2.2 Identified critical functions of various units 

From the requirements list the most critical functions for various units of the pasta machine 

was identified (Table 3). The flour mixing and extrusion unit must include flour 

storage/dosing, water storage/dosing, mixing and pasta forming functions. The pasta-

shaping and filling unit must have solutions to perform movement of mixing and extrusion 

unit and shaping of filled pasta functions. The filling unit must include technological 

solutions for ingredients storage/dosing, mixing,  movement of mixing and extrusion 

cylinder and shaping of filled pasta functions. Similarly, there should be solutions for 

identifying the level of raw material in the water and flour storage containers and cleaning 

process.  

 

Table 3 Critical functions of various units 

Unit Functions 

Flour mixing and extrusion unit − Flour storage 

− Flour dosing 

− Water storage/heating 

− Water dosing 

− Flour and water mixing 

− Motor for mixing 

− Extrusion and shape of pasta 

− Rollers to create pasta sheet 

Filling unit − Filling ingredients storage 

− Filling ingredients (dry)dosing 

− Mixing ingredients (dry and ricotta cheese) 

− Dosing of filling paste 

− Movement of filling mixing and extrusion 

cylinder 

− Filled pasta pressing/cutting 

Machine features − Ingredient level detection 

− Cleaning cycle 
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4.2.3 Functions and solution variants for various units 

The most important functions and solution variants of the flour mixing, and extrusion unit 

are presented in Table 4. 

 

Table 4 Classification for possible solutions of the most important functions of flour mixing 

and extrusion unit 

Solutions 1 2 3 4 

Functions 

A 

Flour storage 

and dosing 

Iris Powder 

flow control 

valve 

 

Electric butterfly 

valve 

 

Motor operated 

dosing screw inside 

removable plastic 

container 

 

 

B 

Water storage 

and heating 

Insulated 

container 

storing water 

added at 

specified 

temperature 

Water container 

with temperature 

control unit and 

no heating 

element ( hot 

water feed from 

tap water) 

Water container with 

temperature control 

unit and heating 

element 

Thermoblock 

for on demand 

water heating 

C 

Water dosing 

Electric 

solenoid valve 

and Peristaltic 

pump 

 

Electric ball 

valve 

 

Diaphragm pump 
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Table 4 Continues Classification for possible solutions of the most important functions of 

flour mixing and extrusion unit 

Solutions 1 2 3 4 

Functions 

D(a) 

Flour and 

water mixing 

Horizontal 

dough mixing 

Vertical dough 

mixing 

Mixing and extrusion 

screw combined 

 

D(b) 

Motor to 

power 

mixing blade 

Hollow shaft 

flat gearhead 

48V 

BLDC motor 

 

Permanent magnet 

brushed worm 

geared 24V DC 

motor 

AC servo motor BLDC worm 

geared 24V 

motor 

E(a) 

Extrusion of 

pasta 

Separate sheets 

with delay 

using extrusion 

screw in a 

moving 

extrusion unit 

Two separate 

sheets with delay 

using extrusion 

piston in a moving 

extrusion unit 

Cylindrical hollow 

pasta using extrusion 

piston 

Cylindrical 

hollow pasta 

using extrusion 

screw 

E(b) 

Rollers to 

create pasta 

sheet 

Series of 

rollers to make 

sheet 

Single self-

adjusting and 

direction changing 

roller set 

Two sets of automatic 

direction changing 

rollers with two 

different roller gaps. 

 

 

Flour/filling storage 

For flour/filling ingredients (dry) storage and dosing function, a removable plastic container 

with dosing screw was chosen instead of plastic container with iris powder flow control 

valve or electric butterfly valve. A plastic container was chosen over the metal counterpart 

because plastic is lighter and offers ease of manufacturing. In addition, there was no specific 

material requirements for the storage unit, to choose the metal counterpart. Easily detachable 

container is convenient for cleaning purpose. Iris powder flow control valve and electric 

butterfly valve are valves that have been used for dosing of free-flowing powder. However, 

they remain susceptible to inefficiency in dosing due to lump formation of flour. (Nesbitt 
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2007, p. 1.) The caking of flour powder while storing would be a limiting factor for the flour 

storage and dosing unit (Fitzpatrick 2013, p. 297). Formation of cake creates inconsistency 

in the dosing of the flour. The storage unit with a lump breaking wheel and dosing screw 

(Figure 15) operated with a geared DC motor can help break the caking of flour while dosing 

(SFS-EN 15774 2011, p. 15–16). 

 

Figure 15 Dry storage container with dosing screw 

 

Water heating/dosing 

The primary requirement of the water heating function was to supply warm water at two 

different temperatures at 35℃ and 100℃ for dough mixing and cooking respectively. 

However, a heating solution that is energy efficient, and heats water on demand was 

favorable. The pasta meal making machine makes the pasta on demand and it is therefore 

not essential to have hot water stored at two different temperatures even when no orders are 

placed. A temperature-controlled heating bath would require a complex system with 

temperature sensors, heating elements and control unit for maintaining water at two different 

temperatures, compared to on-demand heating system. The increase in the number of 

components of the temperature-controlled heating bath also means increase in cost. The 

chosen solution for heating of water using thermoblock is on demand, energy efficient and 

cost saving. 

 

The hose connections used for dosing of water is susceptible to having water remaining in 

the hose after each dosing process. This water remaining in the hose cools down over time. 

To avoid using this cooled down water for later operations, the water flow control loop was 
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created. The flow control loop also allows the water to constantly run through the hose to 

eliminate any air bubbles forming inside the hose. For single pasta production, around 20 ml 

water was used to make dough in laboratory experiments. Based on the laboratory 

experiment, the water dosed for single pasta meal is considerably low. Therefore, even 

minimum amount of water remaining in the hose after each dosing cycle at different 

temperature can affect the quality of pasta. The flow control loop recirculates the old water 

in the hose for reheating and water at consistent temperature can be used for preparation of 

each pasta. 

 

Peristaltic pump was chosen for water and tomato sauce dosing. Peristaltic pump offers 

advantages in hygiene as only the hose is in contact with the dosing material. Also, in 

comparison to ball and diaphragm valve, peristaltic pump provides better flow control, 

accurate dosing and requires less maintenance. (Kleiner, Bittermann 2005, p. 40-44.) 

 

Dough mixing motor 

The primary criteria for choosing a motor for dough mixing was identified as speed and 

torque of motor from the bench test. Higher mixing speed reduces the dough development 

time (Pastukhov 2014). As the torque is the force required to mix flour and water, the motor 

needs to be able to provide a maximum torque (twisting force) for the dough development 

process. The other essential criteria for selecting the motor was life expectancy and 

maintenance frequency. Hollow shaft flat gearhead BLDC motor was chosen as the solution 

for mixing because it has a high rated life of around 5000 hours and requires very low 

maintenance compared to permanent magnet brushed worm gear motors, AC servomotor 

and BLDC worm geared 24V DC motor (Crowder 2020, p. 165-185). A 400-Watt hollow 

shaft flat gearhead BLDC motor with a rated torque of 5.50 Nm and a maximum speed of 

up to 133 rpm at gearbox was selected for the machine based on torque-speed requirement 

from the flour mixing test. However, the high rated life and low maintenance requirement of 

BLDC motors could be less relevant if the selection is more driven by the initial cost of the 

motor. It must be considered that high life expectancy and low maintenance requirements 

directly translates to overall cost saving in long term use. 
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Forming of pasta 

Two broad solutions were identified for creating desired shape of pasta. One of the options 

was to use rollers to create sheets of pasta and the other option was to extrude hollow 

cylindrical pasta. Using series of rollers to create sheet is a simple process but it requires 

larger number of components. Not just the number of rollers but there are also complications 

in the process further ahead. Pasta can be filled and folded from the half, but it will be 

difficult to keep the shape of the pasta during the folding process. There are again 

possibilities to use vacuum grippers for keeping the shape of the pasta. The other problem 

was since the pasta-folding unit needs to have a mechanical joint; it can trap sheets of pasta 

and make it difficult to clean. To eliminate the higher number of rollers, a self-adjusting and 

rotation changing roller set could be used. However, due to the complications and 

disadvantages of using rollers, extrusion of pasta was preferred.  

 

Efficiency in extrusion (minimal dough waste) and minimizing the number of components 

were the two most essential requirements of the pasta making unit. Mixing and extrusion 

screw together would make the system much simpler, but this method is not efficient for 

single unit preparation at a time. A significant amount of dough will remain in the mixing 

container. Piston extrusion with cylindrical shaped die was chosen as optimum solution 

because it has minimal dough waste and uses lower number of components (Goettfert n.d). 

A 24V DC powered cylinder with a maximum dynamic load force of 16kN and maximum 

stroke of 400 mm was chosen.  An extrusion cylinder with a piston head and extruder die 

are the only component required for extruding pasta. There is also a possibility to extrude 

two separate sheets with filling in between using the same setup by just changing the die 

design.  

 

Although the shape of the die also matters very much in determining the force of extrusion. 

The maximum dynamic load force of the cylinder was chosen based on literature (Swami, 

Maiti et al. 2006, p. 25-26). It does not affect any parameters in the machine design even if 

the cylinder force changes. The only change will be in the cross-section of the extrusion 

cylinder, which will not have any effect on the machine design. An electric cylinder with 

peak force defined in this thesis can be used to test the physical prototype. As the peak force 

of the electric cylinder increases the cost increases, so does the energy consumption. To 
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avoid using an overpowered electric cylinder, it is essential to find the exact force required 

for extruding the dough as part of future studies. 

 

The most important functions and solution variants of the filling unit are presented in Table 

5.  

 

Table 5 Classification for possible solutions of the most important functions of filling unit 

Solutions 1 2 3 4 

Functions 

A 

Filling 

ingredients 

storage 

Fixed plastic 

container with lump 

breaker 

Fixed metal 

container with 

lump breaker 

Removable plastic 

container with lump 

breaker 

Removable 

metal 

container with 

lump breaker 

B 

Filling 

ingredients 

(dry)dosing 

Iris Powder flow 

control valve 

 

Electric 

butterfly valve 

 

Motor operated 

dosing screw on a 

removable container 

 

 

C 

Mixing 

ingredients ( dry 

and ricotta 

cheese) 

Hollow shaft flat 

gearhead 

48V BLDC motor 

Permanent 

magnet 

brushed worm 

geared 24 V 

DC motor 

AC servo motor BLDC worm 

geared 24 V 

DC motor 

D 

Mixed 

ingredients 

dosing (dry and 

ricotta cheese) 

Peristaltic pump 

 

Electric pinch 

valve 

 

Extruding using 

linear actuator 
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Table 5 Continues Classification for possible solutions of the most important functions of 

filling unit 

Solutions 1 2 3 4 

Functions 

E 

Movement of 

filling mixing 

and extrusion 

container 

Horizontal single 

axis linear slider 

 

Multi-axis 

linear slider 

with ultrasonic 

sensor 

 

Multi-axis linear 

slider with rotary 

actuator 

 

Robotic arm 

F 

Filled pasta 

shaping 

Shaping of filled 

pasta using a single 

combined die on a 

linear electric 

actuator. 

 

Individual die 

for cutting and 

pressing 

Folding and 

pressing single pasta 

sheet from half 

point after the filling 

process 

 

 

Movement of filling mixing and extrusion cylinder 

The use of only single axis or multi axis linear slider limits the movement of the cylinder 

and requires the cylinder to be in the same orientation during filling dosing and extrusion 

process. The use of robotic arm would provide flexibility of movement for the cylinder but 

remains an expensive and space consuming option. The use of multi-axis linear slider with 

rotary actuator provides flexibility of movement for the mixing and extrusion cylinder to 

perform filling dosing, mixing and extrusion operations. 

 

Similarly, two important features of the machine identified from the requirement list with its 

solution variants are presented in Table 6. 
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Table 6 Machine features 

Solutions 1 2 3 4 

Functions 

A 

Ingredient level 

detection 

Ultrasonic level 

detector 

Capacitive 

Level Sensor 

Optical Level 

Switches 

Float Switch 

B 

Cleaning cycle 

Pressurized 

water cleaning 

High pressure 

steam cleaning 

Combination of 

superheated 

steam and 

ultrasonic 

cleaning 

 

 

Ingredient level detection 

The level detectors are to notify when the level goes below certain threshold rather than 

monitoring the level at all the time.  Float switch and optical level switch were solutions that 

require direct contact. This was the reason these solutions were avoided. Ultrasonic level 

detector is a non-contact solution, but it needs to be mounted vertically on top of the 

container and requires being at a minimum distance from the surface of the water and powder 

food ingredients inside the container. This requires changing the location of the storage 

container or increasing the size of the container to be under the range of ultrasonic detector. 

To avoid this problem capacitive level sensor were chosen as an option. Capacitive level 

sensors can be mounted on the side of the storage container and can detect the level of raw 

food material and water from outside of the container. 

 

Cleaning cycle 

Minimal consumption of water was an essential criterion for choosing the cleaning solution. 

Pressurized water cleaning would likely be a good option for the cleaning process, but it 

consumes significantly higher amount of water for cleaning compared to ultrasonic cleaning 

process. Similarly, high pressure steam cleaning causes fogging and condensation that could 

lead to microbial growth in the surface to be cleaned (Marriott, Schilling et al. 2018, p. 205). 

Superheated steam cleaning after each pasta meal making cycle would be a sustainable 

choice considering it requires low volume of water to sanitize (Kohli 2019, p. 696). 



40 

 

Ultrasonic cleaning would then provide a more thorough cleaning as it helps in cleaning 

solid residues accumulated in the cylinder inner surface and mostly in the die area after 

repeated pasta meal making process (Fuchs 2015, p. 577). A combination of superheated 

steam and ultrasonic cleaning was chosen as the solution, as both require minimal water for 

cleaning. 

 

The frequency of ultrasonic cleaning was chosen to be after every five-pasta meal 

preparation. This number was, however, a hypothesis that must be verified as part of future 

studies. The wastewater from the cleaning process is collected in a waste container inside 

the machine that needs to be emptied at the end of the day. However, a drainage system 

connected to a separate waste collection tank could also be used in place of the waste 

container if microbial growth is observed in the waste container. 

 

4.3 Process flow of personalized on-site fresh pasta meal making machine 

The dough making and filling preparation operation inside the fresh on-site ready to eat pasta 

production machine has been divided into two sub-units. When the user makes an order from 

the interactive screen in the machine, the dough making process starts immediately. After a 

delay of one minute, the filling preparation process also starts. 

 

In the dough making process, a water circulation loop was created using nine electric 

solenoid valves, hose, four-way hose splitter, three-way hose splitter, peristaltic pump and 

two thermoblocks. The electric solenoid valve connected to the water container opens and 

the peristaltic pump draws the required amount of water for dosing. At the same time, flour 

is dosed onto the flour mixing and extrusion cylinder in the dosing position. The mixing cap 

attached to a micro linear actuator with a maximum stroke of 50 mm; covers the opening of 

the cylinder at the bottom. The flour mixing and extrusion cylinder was attached to an 

electric linear slider and an electric multi-position rotary actuator. This actuator setup allows 

movement along horizontal axis and rotational movement (Figure 16). The linear slider is 

guided using recirculating ball bearing and has a maximum stroke length of 200 mm. The 

cylinder would next move to mixing position, where the flour-mixing blade attached to a 

BLDC worm gear motor moves inside the cylinder until position 2. The mixing unit was 

attached to an electric linear slider with recirculating ball bearing guide and a maximum 

stroke length of 300 mm, which allows vertical movement. The mixing unit lowers and 
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travels back to its initial position after the mixing process. The micro linear actuator opens 

the mixing cap from the cylinder.  

 

Figure 16 Dough making process 

 

After a delay of 1 minute from the start of the dough making process, the preparation process 

for the pasta filling starts. A refrigeration unit with a sliding lid on the bottom and a sliding 

door on the side attached on a micro linear actuator holds the base filling (ricotta cheese) 

unit. The base filling unit consists of an electric rod style linear actuator with a maximum 

stroke of 200 mm fitted with an extrusion head and cylinder with a nozzle on the bottom. 

Three-ingredient storage unit with geared dc motor operated screw was used for dosing the 

choice of flavoring dry powder ingredients. Two electric linear sliders guided using 

recirculating ball bearing and having a maximum stroke of 200 and 300 mm respectively, 

provide movement along Z and X-axis for the filling extrusion and mixing cylinder. The 

integrated proximity switch and positioning magnet in the electric linear slider provides 

position-sensing solution to the movement of the slide. An electric multi-position rotary 
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actuator fitted on the slide plate of the linear actuator provides rotational movement for the 

filling extrusion and mixing cylinder. The outlets B, C and D are on a line along X-axis.  

 

Filling extrusion and mixing cylinder starts from position 1a, which is the dosing position 

for cheese (Figure 17). Micro linear actuator, slide opens the door on the refrigeration unit 

along Z-axis. The linear actuator with extrusion head extrudes the cheese onto the filling 

cylinder. The refrigerator sliding door closes with the help of micro linear actuator after the 

extrusion is complete. The filling cylinder then moves to a selection of dosing position from 

1B to 1C, as per the selection of the user. After the dosing process ends, the filling cylinder 

moves to mixing position. A mixing unit with hollow shaft flat gearhead motor on an electric 

linear slide moves along Y-axis. The 30-Watt hollow shaft flat gearhead BLDC motor has a 

rated torque of 2.82 Nm and maximum speed of up to 100 rpm at gearbox. The torque 

selected for the motor was based on literature (Inayat, Ayaz et al. 2013, p. 1426). The mixing 

unit mixes the cheese and powder inside the filling extrusion and mixing cylinder. The 

mixing unit travels back to its initial position after the mixing process ends.   

 

In the filling preparation process as shown in Figure 17, the reason behind starting the 

process with ricotta cheese dosing was to avoid any powder ingredient falling from the 

extrusion outlet. As the dosing system is untested to check for any leakage, it is possible that 

the filling could still leak from the extrusion outlet while mixing. This is a test that can be 

done as part of future studies to determine whether the extrusion outlet needs to be covered 

while mixing or not. 
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Figure 17 Filling preparation process 

 

After the processes of dough making and filling preparation ends, dough and filling extrusion 

process starts along with cooking process. A dough extrusion head was attached to an 

actuator. Both the flour-mixing cylinder and filling extrusion cylinder rotates to position 2, 

which is the extrusion position. The flour mixing and extrusion cylinder rotates 90⁰ in anti-

clockwise direction. The filling mixing and extrusion cylinder then rotates 90⁰ in clockwise 

direction. The extrusion outlet of each cylinder then becomes coincident and concentric to 

each other (Figure 18). The flour mixing and extrusion cylinder has an extrusion die attached 

on one end. The die was designed to extrude pasta with a thickness of 0.5mm. The pasta 

extruded in cylindrical shape slides onto the surface of filling extrusion and mixing cylinder, 

covering it. The extrusion head of the filling extrusion actuator starts moving inside the 

filling extrusion and mixing cylinder. The filling extrusion actuator was attached to a 200 

mm stroke linear slider guided using recirculating ball bearing providing movement along 

Z-axis. As the filling starts to extrude, the filling extrusion and mixing cylinder starts moving 

towards the filling extrusion actuator.  
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When the extrusion process is completed, a cutting blade operated with a dc motor cuts the 

pasta from the flour mixing and extrusion cylinder. At this point the conveyor belt starts to 

move to orientate the filled pasta below the pasta-forming unit. Inductive proximity switch 

was used to detect the pasta and later to stop the conveyor belt movement. The pasta-forming 

unit then presses and cuts the filled pasta in shape. Pasta-forming unit with a 250N force 

24V dc linear actuator and maximum stroke of 300 mm was designed to press and cut the 

filled pasta. A conveyor belt with a length of 600 mm activates again after the pasta is 

pressed. The formed pasta moves along the conveyor and falls inside the bowl. The bowl-

holding unit attached to an electric linear actuator of maximum stroke of 400 mm moves to 

the second position, where cooking water and tomato paste are dosed. Thermoblock was 

used to heat the cooking water. The tomato sauce container was placed inside a refrigeration 

unit and connected to a peristaltic pump for dosing. A peristaltic pump doses the tomato 

sauce in the bowl after the water dosing process.  Now, the bowl holder moves the bowl to 

the cooking position, where the microwave oven on two electric linear slider of maximum 

500 mm stroke lowers to cover the bowl for cooking the pasta. The cooking process ends in 

2 minutes.  



45 

 

  

Figure 18 Dough, filling extrusion and pasta cooking process 

 

After each cooked pasta, the flour mixing cylinder moves to the cleaning position. The 

extrusion cylinder rotates at an angle of 45⁰ in anti-clockwise direction (Figure 19). A steel 

boiler system with a three-liter tank generates dry steam for cleaning the extrusion cylinder. 

The steam wand is fixed such that it is collinear to the extrusion cylinder. Cleaning process 

takes ten seconds. The ultra-sonic cleaning cycle runs automatically after every five-cooked 

pasta. Water is dosed onto the flour mixing and extrusion cylinder with the mixing cap closed 

in cleaning position. The volume of the flour mixing, and extrusion cylinder was calculated 

to be 53ml. 50 ml of water is ejected onto the cylinder using a peristaltic pump. Dosing of 

water is followed by lowering of ultrasonic transducer using an electric linear actuator onto 

the extrusion cylinder. The transducer attached to an ultrasonic generator, provides power to 
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the transducer. The vibration created by the transducer in the water inside the cylinder helps 

in removing dough particles attached to the cylinder surface. The cylinder then moves to 

position 2 with the help of linear slider and rotary actuator to remove water from the cylinder. 

The cylinder rotates at 165⁰ in clockwise direction. The cylinder then rotates to its original 

position as shown in position 1. The mixing cap is detached from the cylinder. The cylinder 

then rotates 45⁰ in anti-clockwise direction using rotary actuator to position 3. 50 ml water 

is dosed onto the cylinder again to wash out any remaining dough inside the cylinder. The 

cylinder then rotates back to position 1. A thorough manual cleaning would be done at the 

end of the day and food contact surfaces would be sanitized using heat. 

 

Figure 19 Cleaning process 

 

4.4 Design of the pasta meal making machine 

The final assembly of the pasta meal making machine designed in Solidworks 2019 can be 

seen in Figure 20, Figure 21 and Appendix I. The dimensions of the pasta meal making 
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machine is 2320x1385x1147 mm. C-beam with cross-section of 40x20 mm was used for 

construction of frame of the machine. Commercially available components used in the pasta 

machine are electric cylinder ESBF-LS (Festo Corporation, United States) , ball screw linear 

actuator ELGC-BS (Festo Corporation, United States), electrical microswitches SR (Festo 

Corporation, United States) and electric rotary actuator ERMO(Festo Corporation, United 

States). Electrak HD linear actuators (THOMSON Tollo Linear AB, Sweden), CAP-150 

Capacitive Level Sensor (Gems Sensors, United States), DC motors, peristaltic pumps dc 

series 622 (Componenti Vending, Italy), bowl dispensing unit series 672 (Componenti 

Vending, Italy) and ingredient canisters series 238 (Componenti Vending, Italy). Hollow 

Shaft Flat Gearhead BLDC motors from OrientalMotor. Custom made ultrasonic cleaning 

solution from Omegasonics (United States). Electric solenoid valves from SMC, 

thermoblock from Jura (Switzerland), inductive proximity switch from Baumer 

(Switzerland) and custom made three liter boiler system from GIORGI Srl (Italy). The 

various components of the automated pasta manufacturing system can be seen in Appendix 

II. 

 

Figure 20 Front view of the on-site pasta meal-making machine 
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Figure 21 Back view of the on-site pasta meal-making machine 

 

The micro linear actuator for closing the flour mixing cylinder die was a solution generated 

during the three-dimensional design process. A DC motor operated plate was the original 

solution for covering the bottom of the flour-mixing cylinder. The reason for covering the 

bottom opening of the cylinder was that during the dosing and mixing process, flour and 

water would otherwise leak from the die opening. Using a sliding plate to cover the opening 

would lead to some dead space inside the flour mixing and extrusion cylinder. To minimize 

this dead space a micro linear actuator operated mixing cap was selected (Figure 22). 
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Figure 22 Micro linear actuator operated mixing cap 

 

The design of the filling mixing and extrusion cylinder was also a detail that was known 

during the design process. The problem that came during the design process was that the 

filling and extrusion cylinder had to be concentric with the dough extrusion cylinder during 

the extrusion of filling and pasta. It was not possible to attach the cylinder directly to the 

actuator used for the movement of the cylinder due to space restrictions. Attaching the 

cylinder directly to the actuator would require the location of the actuator to be changed. It 

was not possible to move the actuator unit due to the limited space around the actuator setup. 

To optimize the available space in the best possible way an inverted “L” shape connector 

was used for connecting the cylinder with the actuator (Figure 23). 
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Figure 23 Filling mixing and extrusion cylinder 

 

The dough would be extruded completely onto outside surface of the filling mixing and 

extrusion cylinder before the extrusion of the filling begins. The reason for this was the 

extruded dough needs to keep shape throughout the filling process. The most important 

design aspect in this process was to align the dough extrusion outlet and filling extrusion 

outlet concentric to each other while managing the available space (Figure 24). 

 

The process in which the filling is extruded inside the extruded pasta was untested as making 

a physical prototype was not part of the thesis (Figure 24). There are co-extrusion systems 

available in food industry, but the solution presented in this thesis is not identical to any co-

extrusion systems. The process presented in this thesis is novel. Therefore, it is very 

important that the process be tested with physical prototype as part of future studies. 
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Figure 24 Extrusion position 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



52 

 

5 CONCLUSION 

 

 

The aim of this thesis was to define a mechatronic system that produces ready to eat, fresh 

personalized pasta meal on the site. The objectives of the thesis were identifying 

requirements of the system along with critical functions of various units, determining the 

mixing and cooking parameters from laboratory bench tests, finding solutions for critical 

functions of the system, developing a three-dimensional model of the pasta machine using 

SolidWorks, and finding a working mechanism of the machine.  

 

The first stage in the thesis was to create a requirement list of the system based on 

information from laboratory bench tests, literature review combined with wishes/demands 

for the expected system. The next step in the thesis was to find several possible solutions for 

identified important functions of various units of the system and select the most optimum 

solutions. There were no single criteria to determine the best solution for each function. 

However, results from the laboratory tests, food waste reduction, food grade design, general 

design limitations and unit production at a time were some of the criteria used for selecting 

the best solution. After finding the solutions for all-important functions, a concept of the 

working mechanism of the machine was developed. This was followed by creating a three-

dimensional model of the pasta machine in SolidWorks.  

 

The results from cooking and mixing experiments were used to define the cooking and 

mixing unit. The dough mixing motor was chosen based on primary criteria such as speed 

and torque requirement of the motor determined using dough mixing experiment done using 

Brabender farinograph. Further refining criteria like life expectancy and maintenance 

frequency were used for selecting hollow shaft flat gearhead BLDC motor as the solution 

for mixing of dough.  The cooking parameters determined using cooking experiments such 

as water amount, water temperature and cooking time were used to define unit operations of 

the cooking unit such as water dosing and cooking time in the machine. 

 

A DC powered piston-cylinder extrusion system with custom cylinder-die was designed for 

extruding hollow cylindrical shape of pasta based on primary criteria such as minimal dough 

waste and minimum number of components. Furthermore, the dough extrusion cylinder was 
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designed to be hollow and with constant inner diameter to make the dough waste minimal 

during extrusion. The maximum dynamic load force of the extrusion cylinder was 

determined based on literature on similar extrusion system. 

 

A custom actuator setup with electric multi axis linear slider and rotary actuator was 

designed for the movement of filling mixing and extrusion cylinder. This system was 

designed based on the requirement to have flexibility of movement of the filling, dough 

mixing and extrusion cylinder for dosing, mixing and extrusion operation. The inlet head of 

the filling, dough mixing and extrusion cylinder needed to be rotated 90° for dosing and 

extrusion operation of pasta dough and filling. 

 

As part of the design process, a mechanism consisting of a micro linear actuator was 

designed to cover the bottom opening of the flour mixing cylinder during dosing and mixing 

process. The design was done to not only stop flour and water leaking from the die hole 

during dosing and mixing operation but also to minimize the dead space in the die region. 

Similarly, an inverted “L” shaped connector was designed to connect the filling mixing and 

extrusion cylinder with the actuator setup. This was done to utilize the limited space 

available around the filling unit. 

 

A detailed working mechanism of the machine was described using flow diagrams after the 

three-dimensional model was ready. Process flow in each unit was described in detail in 

separate flow diagrams. A novel extrusion and movement mechanism were designed for 

pasta dough and filling extrusion. The process consists of use of  multi axis linear slider and 

rotary actuator to orient extrusion outlet of dough, filling extrusion cylinder concentric and 

coincident to each other. The same actuator setup was also used for the movement of the 

extrusion cylinder to extrude filling inside the extruded pasta. 

 

The combination of laboratory bench tests, literature review and systematic machine design 

therefore provides enough tool for development of a virtual prototype. The results of this 

thesis can be utilized for the development of a physical prototype of a novel on site fresh 

pasta meal making machine.  
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There are however certain considerations and assumptions made in this thesis work. A test 

for dough extrusion was not performed because of unavailability of resources to perform the 

test. This test needs to be performed as part of future work to determine the exact force 

required for the electric cylinder rod used for dough extrusion. The cleaning system is also 

something untested because of the unavailability of any such systems in the laboratory. This 

system can also be tested as part of future work to determine the frequency of cleaning.  
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APPENDIX  

 

 

Appendix I: Solid Work renders of the pasta machine 

 
Figure I Front view of the pasta machine 



 

 

Figure II Dough mixing and extrusion unit 



 

 

Figure III Filling mixing, dosing and extrusion unit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix II: Part list 

 

Table I Pasta machine part list 

Part name Quantity Specification Supplier Price 

(Euros) 

Cylinder actuator 

ESBF-LS 

1 Energy: 24V DC 

Stroke: 400 mm 

Force: 16kN 

Festo 1290 

Cylinder actuator 

ESBF-LS 

1 Energy: 24V DC 

Stroke: 400 mm 

Force: 2.6kN 

Festo 800 

Rod style linear 

actuator 

HD24B026-

0200EXX2MMSD 

 

1 Energy: 24V DC 

Stroke: 200 mm 

Force: 2.6kN 

Tolomatic 584 

Rod style linear 

actuator 

HD24C05A5-

10M0NN-DEE 

 

1 Energy: 24V DC 

Stroke: 250 mm 

Force: 250 N 

Tolomatic 180 

Rod style linear 

actuator 

HD12B026-

0100EXX2MMSD 

 

1 Energy: 24V DC 

Stroke: 100 mm 

Force: 2.6 kN 

Tolomatic 584 

Micro linear actuator 2 Energy: 12V DC 

Stroke: 50 mm 

Force: 22 N 

Actuonix 120 

Dry ingredient 

storage unit 

Series 238 

 

2 Dimension: 460 (height) x 

78 (width) mm 

Componenti 

Vending 

 



 

Table I Continues Pasta machine part list 

Part name Quantity Specification Vendor Price 

(Euros) 

Dry ingredient storage 

unit 

Series 238 

3 Dimension: 185 

(height) x 78 (width) 

mm 

Componenti 

Vending 

 

Ball screw linear 

actuator ELGC-BS 

3 Spindle pitch: 

8mm/rev 

Stroke: 200 mm 

Size: 32 

Festo 800 

Ball screw linear 

actuator ELGC-BS 

2 Spindle pitch: 

8mm/rev 

Stroke: 300 mm 

Size: 32 

Festo 800 

ERMO-32-ST-E multi-

position rotary actuator 

 

1 Energy: 24V DC 

Size: 32 

Festo 800 

ERMO-12-ST-E multi-

position rotary actuator 

 

1 Energy: 24V DC 

Size: 12 

Festo 800 

Hollow shaft flat 

gearhead BLDC motor 

BLV640NM5F 

 

1 Energy: 48 VDC 

Power: 400W 

Rated torque: 5.50 Nm 

 

Orientalmoto

r 

700 

Hollow shaft flat 

gearhead BLDC motor 

BLHM230KC-30FR 

1 Energy: 24 VDC 

Power: 30W 

Rated torque: 2.82 Nm 

 

Orientalmoto

r 

456 

Electric rod style linear 

actuator  

HD24B026-

0200EXX2MMSD 

 

1 Energy: 24V DC 

Stroke: 200 mm 

Force: 2.6 kN 

THOMSON 

Tollo Linear 

AB 

584 

Micro switch 

S-3-BE 

2  Festo 24 



 

Table I Continues Pasta machine part list 

Part name Quantity Specification Supplier Price 

(Euros) 

Inductive 

proximity switch 

IFRM 

03N3505/CS35L 

1 Dimension: 3 mm 

Housing length: 12 mm 

Baumer 50 

Peristaltic pumps 

DC 

Series 622 

 

2 Energy: 24V DC 

Output flow range: 0.16 

to 9.75 ml/sec 

Componenti 

Vending 

200 

Plastic bowl 

dispenser 

Series 672 

 

1  Componenti 

Vending 

 

Thermoblock 

 

2  Jura 43 

Aluminum profile 

20x40 6mm V-slot 

C beam 

 

~40 Variable length SYSTEAL 400 

Electric solenoid 

valve 

 

10  SMC  400 

Capacitive level 

sensor 

CAP 150 

3 

 

 Gems Sensors 210 

Ultrasonic cleaning 

system 

1    

Boiler 1  GIORGI Srl  

PLC and modules   Siemens ~1832 

Total cost    ~12000 

 

 


