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ABSTRACT 

Albagami, Malak; Khan, Zainab; Effat University. May 2017. Development of 3D 

Bioprinting and Pumping System for Tissue and Organ Printing. Supervisor: Mohammed 

Abdulmajid, Ph.D. 

Bioprinting of tissues and organs has emerged as a promising technology for 

applications in different fields, such as biomedical engineering and regenerative medicine, 

biotechnology and the pharmaceutical industry.1,2 However, the current technology is costly 

($9K-$250K) and is limited to customized extrusion methods. Multiple microfluidic pump 

systems for bioink extrusion are commercially available but are costly upto $30,000 and are 

not synchronized with 3D bioprinters. Additionally, the use of cartesian systems for 3D 

printing restrict it to three axes of movement and makes multi-material modeling a challenge. 

For these reasons, our team aimed to design and build a cost effective robotic 3D bioprinting 

system with integrated pumping. The system was designed to be compatible with bioinks, 

newly developed at KAUST Laboratory for Nanomedicine. The components of the system 

include a programmable robotic arm, a custom designed extruder for bioprinting, and 

multiple microfluidic pumps. Model cell structures were printed and monitored for a period 

of 3 weeks and subsequently found to be alive and healthy. The cost of the system is 

approximately $3,500. This system will contribute to the growing advancements in 3D 

bioprinting and will allow the production of humanlike tissues and organs for procedures 

such as skin replacement and tissue transplants. 
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EXECUTIVE SUMMARY 

As a graduation requirement for the Department of Electrical and Computer 

Engineering, students are required to form teams and complete a Capstone Design Project. 

The purpose of this two-semester project is to cultivate practical engineering skills and 

display the capabilities of the students as Electrical Engineers. Consequently, this report 

covers the Capstone Project from beginning to completion for the team members, Zainab 

Khan and Malak Albagami. The title of the project is “Development of 3D Bioprinting & 

Pumping System for Tissue and Organ Printing”. This project phase has been completed in 

the semester of Spring 2017. 

The team has collaborated with the KAUST Laboratory for Nanomedicine to develop 

a 3D Bioprinting and Pumping System. This system serves the fields of Biomedical 

Engineering and Regenerative Medicine. The process of 3D Bioprinting has gained newly-

found interest in these fields due to its potential for tissue and organ printing. Hence, the 

KAUST Laboratory for Nanomedicine has developed peptide bioinks to be used for 3D 

Bioprinting. Consequently, a compatible 3D Bioprinter needs to be designed to create 3D 

structures with peptide bioinks. As a prototype, this can be done by redesigning the extrusion 

unit of a conventional 3D printer.  

Additionally, bioinks which are of viscous solutions require the use of syringe pumps 

to be transported into the 3D Bioprinter. Multiple syringe pump systems are commercially 

available but are costly around USD 30000. These commercial pumps are also not fully 

compatible with inks of different viscosities and are not synchronized with 3D printers. For 

these reasons, the team aims to design and build a cost effective multiple syringe pump 

system which will be compatible with peptide bioinks. These pumps will be synchronized 

with the 3D Bioprinter to develop a complete printing and pumping system. 

This project will contribute to various procedures in the field of medicine including 

wound healing and organ transplants.  
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CHAPTER 1 

INTRODUCTION 

1.1 Motivation 

The process of 3D bioprinting tissues and organs has emerged as a promising 

technology for applications in different fields, such as biomedical engineering, regenerative 

medicine, biotechnology and the pharmaceutical industry. The capability of printing 

humanlike tissues and organs has great potential in contributing to procedures of skin 

replacement, wound healing, and organ transplants. However, currently the process of 3D 

bioprinting is delicate, tedious and costly. Bioinks are viscous solutions which are pumped at 

extremely low flow rates into the printer extruder. Since 3D Bioprinters rely heavily on 

multiple syringe pumps, it would be efficient to design a synchronized Pumping and Printing 

system. This system would aim to be cost effective and compatible with peptide-based 

bioinks.  

1.2 Objective 

This capstone project aims to achieve three objectives. The first aim is to convert a 

conventional 3D printer into a customized 3D Bioprinter, compatible with peptide bioinks. 

Secondly, a multiple syringe pump system will be designed and built to allow pumping of 

different solutions simultaneously. Lastly, a complete system will be achieved by 

synchronization of the pumps with the 3D Bioprinter. 

1.3 Problem Statement 

Although 3D Bioprinting is a new area of research in the fields of biomedical 

engineering and regenerative medicine, there are several issues faced currently in the process 

of 3D Bioprinting which make it costly and tedious. The main difference between a 

conventional 3D printer and a 3D Bioprinter is the method of extrusion. Bioinks containing 

cells and biological solutions are extruded through the printer to allow tissue or organ 

printing. These bioinks are viscous solutions with biological properties, unlike conventional 
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plastic and metal filament. Consequently, the printing mechanism needs to be able to handle 

low viscosity and maintain structure to create 3D models. The capability of printing 3D bio-

structures which form functional humanlike parts is a challenge for several biologists around 

the world. 

With this challenge in mind, the KAUST Laboratory for Nanomedicine has worked to 

develop “peptide bioinks” to address some of these issues. However, a 3D Bioprinting and 

pumping system is needed to test the robustness of the humanlike material for the printing of 

3D structures. This system requires multiple components. A 3D Bioprinter is needed to be 

compatible with the biological mechanism of peptide bioinks. The cost of commercial 3D 

Bioprinters ranges from USD 9000 – 250 000, and they are not fully compatible with peptide 

bioinks. Syringe pumps are required to maintain constant flow of the peptide bioinks into the 

printer extruder. Commercial syringe pumps can be costly around USD 30 000. 

Consequently, a custom designed multiple syringe pump system should be more cost-

effective and efficient for the system’s needs.  

This system will contribute to the growing advancements in 3D bioprinting and will 

allow the production of humanlike tissues and organs, for medical procedures such as skin 

replacement and tissue transplants. 

1.4 Significance of the project 

Success of this project will contribute greatly to the ongoing research in the 

Laboratory for Nanomedicine at King Abdullah University of Science and Technology. The 

development of a 3D Bioprinter which is compatible with peptide bioinks will allow the 

laboratory to further their research in 3D printing of tissues and organs. Also, designing and 

building a multiple syringe pump system for the extrusion of peptide bioinks will be cost-

effective as compared to commercial syringe pumps. Not only are these pumps essential for 

3D Bioprinting, but they also have a role in pharmaceutical and chemical applications. 

Finally, synchronization of the pumping and printing systems will enhance the process of 3D 

bioprinting in a way that has not yet been done. 
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1.5 Project Constraints 

As for any project, there are constraints that need to be taken into consideration and 

planned with proposed solutions. Firstly, a main requirement for our system is that it is 

required to be cost-effective. Hence, expenses need to be reduced and a smart design needs to 

be implemented. Costs can be minimized by 3D printing parts of the syringe pumps. Also, 

converting a conventional 3D printer according to the requirements will be cheaper than 

purchasing a 3D Bioprinter. It would also be fully compatible with peptide bioinks, unlike 

commercial 3D Bioprinters.  

Also, many components are not readily available in the Kingdom. To avoid time 

delays, electrical and mechanical parts need to be ordered from overseas in advance. This 

requires strategic planning, time management, and thorough research.  Other constraints 

include copyright and privacy issues as the project is being conducted in collaboration with 

KAUST. Both parties, Effat University and KAUST, agree on terms of access to the project.  

Another constraint is the low quality printing which is obtained from open source 3D 

printers. This can be improved by fully optimizing the 3D printer through complete and 

thorough testing as well as troubleshooting of different parameters. Finally, printing with 

peptide bioink requires an extremely low flow rate which can only be achieved by 

minimizing several factors in the syringe pump design.  

Given the peptide bioinks being used in this project have been developed in the 

KAUST Laboratory for Nanomedicine, this system will be the first of its kind for this 

particular bioink.   The syringe pump synchronization will also be a new contribution to this 

field. 

1.6 Capabilities of the Students  

The team behind this project has background knowledge from previous successful 

projects in Robotics and ATMEGA-based IDE like Arduino, which provides the necessary 
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skills and experience. Challenges, however, may be faced in the synchronization phase for 

which workshops will be attended. It is to the team’s advantage that the project is a 

continuation of the summer internship program, which gives a good head start to achieve the 

planned goals.  The timeline is discussed in detail in the Project Management section.   
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CHAPTER 2 

LITERATURE REVIEW 

2.1  3D Bioprinters 

The process of 3D printing refers to “generation of a 3D solid model virtually of any 

orientation from a digital medium”. It is a form of rapid prototyping which uses the additive 

printing technique. Originally patented in 1984, 3D printing has become a widespread 

technology used to create customized 3D structures for several applications from 

manufacturing to entertainment to healthcare. It is now used by hobbyists and professionals 

of all fields alike. A recent study conducted by the National University of Singapore shows 

that 3D printing has potential to become the next $1-trillion industry (Anand et. al., 2013).  

One of the core applications of 3D printing is in the fields of Biomedical Engineering 

and Regenerative Medicine. These fields apply the concept of 3D printing to tissue and organ 

fabrication by replacing conventional filament with viscous solutions containing cells, known 

as bioinks. Advancement in bioprinting has opened up new possibilities in tissue fabrication 

and development of biomedical devices. Construction of 3D models is achieved through 

various methods including extrusion-based printing, laser-based printing, inkjet-based 

printing, and valve-based printing (Liu et. al., 2016).  This review focuses on the current 

advancements in extrusion-based bioprinting. The advantage of this type of printing as 

compared to other types is the capability of printing with bioinks of lower viscosities and 

high cell densities, which serves purpose for peptide-based bioinks (Holzi et. al., 2016). 

3D Bioprinters are designed with several features that set them apart from conventional 

3D printers. These features incorporate the biological processes of cell growth and tissue 

fabrication. Some bioprinters are designed to print cell structures on petri dishes or molds. 

This makes it easier to handle the structures in the post-printing processes. High precision 

motors are required to ensure printing of structures to custom specifications. Most 

importantly, bioprinting must be conducted in a sterile environment to avoid cell 

contamination. Some commercial 3D Bioprinters released in the market include GeSim’s 

Bioscaffolder, Inkredible+, and Organavo Bioprinters.   
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Bioinks are pumped into the extruder either pneumatically or mechanically. Pneumatic-

driven systems using air pressure allow for printing with several types of bioinks of various 

viscosities. However, these systems risk delays due to the volume of compressed gas. On the 

other hand, mechanical-driven systems using screws or pistons allow for better control of 

bioink flow rate. They are fragile, however, and can cause cell death if not designed properly 

(Holzi et. al., 2016). Different bioinks are made in the form of silicon, hydrogels, collagen, or 

gelatin to name a few. The bioink used in this project is developed in KAUST as Peptide-

based Bioinks. The bioink will be extruded in the 3D Bioprinter through a mechanical screw-

driven system. 

3D Bioprinters have gained much attention in recent research due to their advantages 

over traditional lab-grown organ development as well as in other areas. One printing machine 

is capable of printing multiple print models without transformation of any key mechanical or 

electrical parts of the printer. The biggest advantage of 3D Bioprinting is customization and 

flexibility. It allows increased productivity and efficiency while speeding up medical 

processes such as organ transplants (Anand et. al., 2013).  

However, there are several factors that need to be taken into consideration as areas for 

improvement. Firstly, the cost of 3D Bioprinters need to be reduced for them to flourish in 

the market. Current commercial bioprinters range from USD 9000- 30000. Quality of printing 

is a major concern and methods need to be developed to ensure quality assurance. Better 

synchronization between different parts of a 3D bioprinting system will allow for a smoother 

user experience. There is also potential for multi-material printing to enable printing of more 

complex structures. A recent breakthrough has been made in the development of a multi-

material 3D Bioprinter through continuous injection of different bioinks without need of 

mechanical switching between bioinks (Liu et. al., 2016). More development in such areas 

will allow 3D Bioprinters to excel in the medicine industry.  

Along with the progress of this technology, there are risks of 3D bioprinting that are 

currently being debated. Ethical uses of 3D bioprinting are an area of concern with different 

views on the possibility of unethical abuse of the technology. Specialists predict enforcement 

of new laws controlling the freedom of 3D Bioprinters according to ethical and social 
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standards. With so much flexibility, there may also be an increase in illegal activities which 

may inflict harm in medical cases. These risks need to be assessed and a system of control 

will have to be established as the use of bioprinters spreads in the medical field.  

 

2.2 Syringe Pumps 

 According to McGraw Hill (2006), a syringe pump is “A device designed to deliver 

drugs and/or 'biologicals', at low doses and at a constant or controllable rate.” It is used for 

controlled dosing of chemicals, pharmaceuticals, and delivery of 3D bioinks. Currently, 

commercial multi-syringe pumps such as the New Era Pump Systems can cost up to USD 

30000.  

 A research study done by Michigan Technological University shows that this cost 

could be reduced considerably by using open source software to 3D print syringe parts. A 

Raspberry Pi based circuit was programmed to control multiple syringe pumps at different 

flow rates. A stepper motor driver was used to increase the steps/revolution to allow for 

maximum accuracy. Wireless communication was established between the pumps and a web 

server to operate the system. The system allowed operation of two pumps simultaneously. 

The project discussed in this report aims to take this research further by developing a 

screw-driven syringe pump system with up to 4 pumps containing different bioinks. Unlike 

the above methodology, the newly designed syringe pumps will be compatible with a 3D 

Bioprinter for efficient printing.           

2.3 Contemporary Issues 

One contemporary issue in the area of 3D bioprinting is the wide range of 

customization. Since bioinks can be developed in multiple ways, researchers in 3D 

bioprinting require customized 3D bioprinting systems for their bioinks. For commercial use, 
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standardized bioprinters would have to be implemented to be compatible with different 

bioink formations. It would be inefficient to redesign a 3D Bioprinter because of the 

biological differences between bioinks.  

Another main issue is the cost of 3D Bioprinters. Bioprinting companies are aiming to 

reduce the cost of 3D Bioprinters to make them more accessible for research. For bioprinters 

depending on syringe pumps for extrusion, there is currently a lack of cost effective, compact 

syringe pumps which can be used. Although syringe pumps are programmable, they are 

commercially not designed to be synchronized with 3D Bioprinters. Developing a complete 

synchronized 3D Bioprinting and Pumping system will contribute to the development of the 

technology. 
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CHAPTER 3 

PROTOTYPE DESCRIPTION 

 

The objectives discussed in the previous section are to be achieved by dividing the 

project into two phases. Phase A entails the conversion of a conventional open-source 3D 

printer into a 3D Bioprinter compatible with peptide bioinks. Phase B is the design, building, 

and synchronization of the multiple syringe pump system.  

3.1 System Architecture  

 

 

Figure 3-1   sircuit diagram of syringe pumps  
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Figure 3-2    sircuit diagram of conventional 3D printer  

 

Figure 3-3    Block diagram of whole system  
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3.2 Functionality  

 The system of the project consists of two main parts; 3D bioprinter and syringe 

pumps. The process starts with 3D modeling of the cell structure using Solidworks, and 

exporting the model as an STL file. Then, the file is imported to Cura, which will send the 

printing command to the bioprinter. At the same time, the syringe pump begins to operate, 

once a command is sent via Arduino serial monitor. This will pump the bioink to the 3D 

bioprinter nozzle and with the movements of the extruder, the cell structure starts to form.    

 

Figure 3-4 olowchart of printing and pumping process, First system 

In Phase 2 of the project, the linear 3D printer was replaced with a 3D Printing 

Robotic Arm (Figure 3-5). The custom designed bioink extruder was secured onto the arm 

using a 3D printed support piece. The controller of the robotic arm received files using the 

Repetier software, which is alternative slicing software to Cura. The multiple syringe pumps 

were incorporated in the printing process and controlled simultaneously. As opposed to the 

linear system, Bioprinting with the robotic arm allowed for faster movements, more 

flexibility, and compact surface area.
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Figure 3-5 olowchart of printing and pumping process, Updated system 

3.3 Project specifications and features  

The following section discusses the specifications of the project components used for 

the bioink extruders and the syringe pump design. 

 

3.3.1 Bioink Extruder 

a. SolidWorks 2016 

Solidworks is a 3D CAD modeling software that will be used to create the structure of 

the cells. This software supports solid modeling computer-aided design (CAD) and computer-

aided engineering (CAE), which is owned by Dassault Systemes. The outline of the desired 

structure is drafted in 2D, and then the size is defined along with the geometric axes. After 

that the 3D is designed and exported as an STL file. 
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b. Cura Printing Software v14.12 

 

Figure 3-6  sura printing software interface 

Cura is a 3D slicer software that is founded by Ultimaker. It is utilized for 3D 

customized printing by experts and beginners. The 3D models can be uploaded to the slicer as 

STL, OBJ and 3MF.  It can communicate with the 3D printer and change the settings via 

GCode. The printing command is sent from Cura by connecting the printer control board to 

the computer serial port.  

c. Coaxial Nozzle 

  

Figure 3-7  Coaxial nozzle design for extruder 
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A coaxial nozzle is custom designed to meet the requirements of peptide hydrogel 

formation. The mechanism works by merging three viscous solutions of different biological 

components to form a peptide hydrogel. The hydrogel is then capable of maintaining shape of 

3D structures. 

3.3.2 Syringe Pump Mechanical Parts 

a. 3D Printed Parts of Syringe Pump  

 

A standard 9mL syringe has two main parts; the plunger and barrel (Figure 3-8). The 

main task of the pump is to gradually push the plunger of the syringe with the barrel 

stabilized. This will result in a smooth flow of the fluid inside. 

 

Figure 3-8  Structure of syringe 

 

The pump is constructed with three parts; the motor mount, syringe carrier and the 

end part. The motor mount was created using OpenSCAD and was used to stabilize the 

stepper motor with two holes for the pump shafts (Figure 3-10). The syringe carrier and end 

part were designed using SolidWorks (Figure 3-9). The carrier stabilizes the plunger of the 

syringe and it has three holes to house two shafts and a lead screw with its nut. The end part 

has the lead screw bracket and is designed to grip the barrel of the syringe.  
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Figure 3-9 Sketch of syringe pump carrier 

 

 

Figure 3-10 Assembly of syringe pump 
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3.3.3 Syringe Pump Electrical Parts 

a. Nema 17 Stepper Motor 

● 200 steps/revolution 

● 2 Phases 

● Operating voltage: 12 V 

● Current: 2 amps 

 

b. Pololu Stepper Motor Driver A4988 

● Operates from 8-35 V 

● Drive: 2 A per coil 

● Logic supply: 3-5.5 V 

● Step and direction control interface 

● Step Resolutions: 

o Full-step 

o Half-step 

o Quarter-step 

o Sixteenth-step 

 

c. Arduino Mega 2560  

● ATmega 2560 

● Analog I/O pins: 16 

● Digital I/O pins: 54 

● Input Voltage: 7-12V 

 

d. 100uF Capacitor 

e. 12V Power Supply  

Figure 3-11  Nema 17 motor 

Figure 3-12   A4988 Stepper driver 

Figure 3-13 Atmega328 Nano 
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3.3.4 Syringe Pump Design Software 

a. OpenSCAD 

 

Figure 3-14   nnd motor 3D model in OpenSsAD  

OpenSCAD is free CAD software, which renders 3D models from C++ based script. 

It is ideal for modeling of machine parts. The implemented libraries assist in modeling of 

parasitic designs. There are several libraries available via OpenSCAD GitHub.  

OpenSCAD was used to design parts for the second syringe pump prototype. The 

open-source code used was from Michigan Technological University. The 3D models were 

edited according to the shaft and lead screw diameters. The pump is made of three main 

parts: motor frame, syringe carrier and the pump end. The carrier has two additional parts for 

stabilizing the syringe (Figure 3-15).   
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Figure 3-15 Syringe pump second prototype 

b. Altium Designer  

 

Altium Designer is a software package for electric circuit design on Printed 

Circuit Board. It was used in this project to design the syringe pump circuit on PCB 

once breadboard testing was complete.  
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CHAPTER 4 

DESIGN & ANALYSIS 

 

4.1 Phase A: Conversion of 3D Printer to 3D Bioprinter 

The conversion of a conventional 3D printer to a 3D Bioprinter involves removal of 

the nozzle and installation of an extruder that is compatible with peptide bioinks. The 

following method was selected to achieve this. Firstly, the conventional extrusion unit was 

dismantled and removed from the 3D printer. This included the extruder head, the heating 

block, the extruder motor, and the filament feeder. The thermistors of the printing bed and 

extruder unit were not needed as the peptide bioinks were to be printed at room temperature 

without additional heating. A coaxial nozzle was modified to fit three inlets and one outlet.  

An initial prototype design was developed but redesigned prototypes were needed. 

Some of the issues with the initial prototype included leakage of bioink, pressure build-up, 

and nozzle clogging. Once an optimal design was achieved, the nozzle was designed properly 

with the necessary equipment (Figure 4-1). This nozzle allowed for the merging of peptide 

solutions and buffer with cell solutions to form hydrogel. The nozzle was secured on the 

printer in place of the conventional extruder nozzle. A custom nozzle holder was designed in 

SolidWorks and 3D printed to install the nozzle securely. The three inlets of the nozzle were 

connected to pipes for the passage of two biological solutions. The solutions were pumped 

into the pipes using the custom designed syringe pump system. 

 

 

 

Figure 4-1 Final coaxial nozzle 

mounted on robotic arm 
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4.2 Phase B: Design and Synchronization of Multi-syringe Pump System                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

There were three prototypes constructed for the pumping of bioinks to the 3D printer. 

After constructing the first prototype, there were several issues faced with the pump structure 

and movement. The second prototype was inspired by the open-source syringe pump library 

[3]. After testing, the parts were found to be misaligned and the syringe was not stabilized 

properly with the printed parts. The third prototype was a modified version of both the first 

and second prototypes. 

4.2.1 Syringe Pump First Prototype 

 

Figure 4-2 Syringe pump first prototype  

The first prototype had custom 3D models that were created by SolidWorks. The 

outer structure included the pump body and syringe carrier. The parts were printed by 

uploading the STL file to Cura slicer software and then sent to the HICTOP 3D printer 

(Figure 4-3). The printing settings can be seen in Table 1 below. 

The pump circuit consists of a Nema 17 stepper motor that is operated by a motor 

driver. It is supplied by 12 Volts and 2 amps, which is connected to VMOT pin of the driver. 

The motor and its driver are controlled by Arduino Nano. Step and direction pins of the 

driver are connected to the digital output of the microcontroller. An Omnipolar-switch Hall 
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Effect sensor is added to the circuit to stop the movement of the syringe carrier; once it 

reaches the end of the pump body. This is done by adding two neodymium small magnets at 

the end point, which is detected by the Hall Effect sensor that is in the carrier.  

Arduino IDE is used to upload the code to the motor. The code was modified from an 

open-source project. The movement command is sent via the serial monitor with four 

elements: the motor displacement, volume, speed and direction. (Refer to Appendix B)  

After testing the first prototype, several issues were found. The syringe pump body 

produced more friction than necessary and the carrier shaft diameter was too small. This 

resulted in stiff movements of the syringe carrier. Another issue was the polymer used in the 

3D printing of the parts needed to be durable; during testing the area around the shaft started 

to break. Also, the lead screw resulted in fast movement of the carrier, which did serve our 

application. These findings led to the conclusion that another prototype is needed.  

 

Figure 4-3 Printing of syringe pump body with 3D printer 
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4.2.2 Syringe Pump Second Prototype 

The second prototype syringe pump parts consisted of a different design. The 3D 

models were rendered from OpenSCAD software. An open-source script was used to create 

the motor frame and syringe carrier, which was modified according to our specifications. The 

additional parts were designed using SolidWorks including the pump body, motor end and 

enclosure (Figure 3-15). The same circuit and code was used from the first prototype. The 

mechanical parts of the pump were modified with longer shafts and lead screws.  

4.2.3 Syringe Pump Third Prototype 

 

Figure 4-4 Syringe pump third prototype 

The third prototype is compact in size and its parts were modeled using SolidWorks. 

The syringe carrier is the main part of the pump and its movement controls the flow rate. 

Thus, accurate calculations of the dimensions were done while 3D modeling the part. The 

carrier top side has another small rectangular piece that is screwed to it, for the stabilization 

of the syringe. The nut of the lead screw is mounted to the carrier. The electrical circuit is the 

same as the first and second prototypes.  
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4.2.4 Synchronization of Syringe pumps 

 

 

 

 

 

Our application requires a set of three syringe pumps operating simultaneously at 

different flow rates. The pumping system is synchronized with Arduino Mega. Multistepper 

library enabled us to control the speed of three pumps. The code initialized three stepper 

motors each with separate variables: displacement, speed, direction. The multistepper 

command moveTo(Positions) runs all of steppers at their denoted positions that is specified 

by the displacement variable, which is in the positions array. It is created to include the 

displacements of all of steppers. The command runSpeedToPosition() runs the stepper motors 

at their designated speed.  

The syringe pump circuit for all three pumps was connected in parallel to 12 volt 20 

Amps DC power supply. After rigorous testing on breadboard, the circuit was printed on a 

PCB as an Arduino Mega Shield. The layout was created using Altium Designer software.  

The PCB was created and printed at KAUST core labs (Figure 4-7). The pins for the 

components were soldered to the PCB after printing. However, the PCB had a minor break in 

the circuit so it could not be used in the demonstration.   

Figure 4-5 Set of three syringe pumps 
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Figure 4-6 PCB layout of syringe pumps 

 

 

 

 

 

 

 

 

Figure 4-7 PCB after soldering 
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4.2.5 Syringe Pump Resolution Calculations 

The amount of volume that is needed for the pumping of the bioink to the 3D printer 

is around 10 - 25 microliters per minute. To meet these requirements, there are mathematical 

calculations that can provide the necessary volume. The parameters that are considered are 

the syringe diameter, resolution of the stepper motor and its driver, and displacement of the 

lead screw per one rotation.  

The stepper motor used in the syringe pump prototype is a bipolar NEMA 17 motor. It 

provides 200 steps per revolution. Its motor driver has a sixteenth-step mode, which allows 

the motor to have 16 microsteps in one step. The lead screw used has a displacement of 

1.22mm.  

First we start by calculating the total number of steps by multiplying the NEMA 17 

200 steps by the 16 microsteps provided by the motor driver. (Refer to equation 1.1) 

16 𝜇 𝑠𝑡𝑒𝑝𝑠 ×  200
𝑠𝑡𝑒𝑝𝑠

𝑟𝑒𝑣
= 3200

𝑠𝑡𝑒𝑝𝑠

𝑟𝑒𝑣
                                 

(Equation 1.1) 

After that, the lead screw displacement is considered to find the overall resolution of the 

pump. The resolution is the smallest displacement of the pump system, displacement per step. 

(Refer to equation 1.2). 

3200

1𝑠𝑡𝑒𝑝
=

1.22𝑚𝑚

ℎ
=> ℎ = 381.25 × 10−9𝑚 

(Equation 1.2)  

The resolution of the pump is 380nm which is very suitable for its application. The resolution 
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can be found in terms of volume by considering the 1mL BD plastic syringe used. It has an 

inner diameter of 4.78mm. The volume is found by applying equation 1.3.  

𝑉 = 𝜋𝑟2ℎ = 𝜋(0.0239𝑚)2(381.25 × 10−9𝑚) = 0.684 × 10−9 𝑚3 = 0.684 𝑢𝐿/𝑠𝑡𝑒𝑝 

(Equation 1.3) 

The calculations show that the chosen lead screw provides a resolution of 0.7uL per 

step. Hence, the mathematical calculations provide an accurate amount of volume for the 

bioink pumping to the 3D printer. 

4.2.6 Syringe Pump Flow Rate Calculations 

The flow rate of the syringe pump needs to be calculated to ensure that the liquid 

emerges at a reasonable speed for the bioprinter. The process of calculating the flow rate 

consists of two parts; the pump and the analytic balance (Figure 4-8). First, the syringe is 

filled with 1 milliliter of water. Then, the weight of the plastic boat is recorded with the 

balance.  The pumping command is sent via the serial monitor of Arduino IDE. The syringe 

end is placed at the boat and a timer is set for 1 minute. When a minute has passed, the 

syringe pump is switched off and the boat is taken to the analytic balance to measure its new 

weight. Section 5.1 discusses the results from these experiments.  

 

 

 

Figure 4-8 Process of calculating flow rate 
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The weight is measured in milligrams and used to calculate the flow rate through the 

following equation: 

 

𝑉 =
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑚𝑎𝑠𝑠 (𝑔)

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
=

𝑚

1𝑔/𝑐𝑚3
= (𝐴𝑛𝑠)𝑐𝑚3 =  𝑚𝐿/𝑚𝑖𝑛 

(Equation 1.4) 
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CHAPTER 5 

 

RESULTS AND DISCUSSION 

 

  

 

 

 

 

  

5.1 Testing of syringe pumps  

After completion of the design phase, the system was ready to be tested.  The 

syringe pumps were run at different speeds to measure the flow rate. The syringes were 

pumped with water for the experiments. From the results seen in Table 1, we observed that 

the flow rate minimum value was 24 microliters per minute, and our application requires 10 

microliters per minute. Thus, a third prototype was needed to reach the required flow rate. 

 

TABLE 1 FLOW RATE TEST, SECOND PROTOTYPE 

 

 

 

Motor Speed (RPM) Flow Rate (uL/min) 

20 48.03 

10 25.8 

8 No response 

Figure 5-1 Testing the second prototype 
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As explained in section 4.2.3, a third prototype was constructed with more accurate 

measurements to further stabilize the pumps. The Arduino Nano controller in the circuit was 

replaced with an Arduino Mega for a more stable connection.  The experiments were 

repeated. The serial monitor was used to run commands at different motor speeds. The flow 

rate was observed, calculated, and recorded in Table 2. From the results obtained, the third 

prototype was able to reach 4 microliters per minute which was even lower than expected. 

This was a good advancement as our application required 10-25 microliters per minute. Thus, 

the syringe pump third prototype served our application. Figure 5-2 shows the increase in 

flow rate as the speed of the motor increases.  

TABLE 2  FLOW RATE TEST, THIRD PROTOTYPE 

Motor Speed (RPM)                Flow Rate (uL/min) 

2 4.5 

3 7.02 

5 14.63 

10 23.02 

15 37.15 

20 48.03 

25 64.05 
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Figure 5-2 Graph of syringe performance at different speeds 

 

After achieving the desired flow rate for 3D bioprinting, the syringe pumps needed to 

be tested to run simultaneously. The code was modified for three syringe pumps and 

uploaded. However, the syringe pumps would only run in sequence, i.e. syringe pump 2 

would start running after syringe pump 1 completed its cycle. This was solved by introducing 

the Multistepper library in the code (Appendix C). The syringe pumps were then able to run 

at the same time, allowing the control of each pump’s flow rate individually.  

5.2 Testing of system as a whole  

The last test involved running the three syringe pumps with the 3D Bioprinting arm, 

using the bioink. This was done to determine the optimal flow rate for our bioprinter. The 

coaxial nozzle was loaded the three biological solutions of different viscosities- peptide 

solution, buffer, and skin cells in media. The print command was sent through Repetier 

software and the syringe pumps were controlled through Arduino serial monitor. After 

multiple tests, the optimal flow rates for each pump were found as shown in Table 3. 
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TABLE 3  FLOW RATES FOR EACH PUMP 

 

Pump Material Flow Rate (uL/min) 

Pump 1 Peptide solution 50 

Pump 2 Cells with media 13 

Pump 3 PBS Buffer 10 

 

 

 

Figure 5-3 The whole system in acrylic casing 
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Once the optimal print settings and flow rates were set, a test ring structure of skin 

cells (Figure 5-4) was bioprinted and monitored for cell growth. The microscopy of the skin 

fibroblast cells shows the state of the cells after observation for a period of 21 days. The long 

green structures show that the cells are alive and growing. The blue spots indicate the cell 

nuclei. These results proved that the syringe pumps were pumping the solutions at the correct 

flow rates to allow for proper peptide hydrogel to form. The hydrogel was found to maintain 

its structure over time. Also, the coaxial nozzle allowed for smooth printing without any 

pressure buildup or blockage. Hence, the project was successful and the results obtained 

proved that the system was working as expected.  

 

Figure 5-4 Ring structure and microscopy 
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CHAPTER 6 

 

PROJECT MANAGEMENT 

 

6.1 Cost Estimates 

The list of items are shown in detail in Table 4 below. It includes the syringe pump 

parts, Triple Extruder 3D printer, electronic and electrical tools for the setup of our 

workstation in the Nanomedicine Laboratory. OpenSCAD software is not listed because it is 

free of charge. The Laboratory for Nanomedicine covered all of the costs to initiate the 

project. 

TABLE 4  BILL OF MATERIALS 

Item Name Qty. Price per Item Total Price Vendor 

Nema17 Stepper Motor 42BYGHW609 
1.8° 4000g.cm 40mm 1.7A 

6 $11.00 $66.00 HE3D 

3 Omnipolar Switch. Hall Effect Sensor. 
Supply Voltage 3V-28V.Output Curent 

60mA 
3 $7.60 $22.80 Whitespeaker 

Pololu 8-35V 2A Single Bipolar Stepper 
Motor Driver A4988 

6 $5.47 $32.82 
RobotsShop 

inc 

25 Value Electrolytic Capacitors 
1uF~2200uF Assorted Set 125Pcs 

Electronics 
1 $8.88 $8.88 dsebuy 

DFRobot Resistor Kit (2000pcs) 1 $13.99 $13.99 
RobotsShop 

inc 

0.5 inch Heat Sink Aluminum(0.5 x 0.6 x 
0.3)inches. Low Thermal Resistance.4 

qty 
1 $6.95 $6.95 Whitespeaker 

5 Neodymium Cylindrical (1/4 x 1/4) 
inches Cylinder/Disc Magnets. 

2 $5.90 $11.80 Whitespeaker 
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Arduino Nano USB Microcontroller v3 5 $34.99 $174.95 
RobotsShop 

inc 

350 Piece Pre-formed Jumper Wire Kit - 
JW-350 

1 $10.59 $10.59 
RobotsShop 

inc 

ST-12 Soldering Tool Kit 1 $12.99 $12.99 
RobotsShop 

inc 

6" Multi-Colored Heat Shrink (10pk) 1 $4.95 $4.95 
RobotsShop 

inc 

Pro Autorange Digital Multimeter 
(MS8217) 

1 $32.99 $32.99 
RobotsShop 

inc 

Screws and Nuts Mounting Kit 1 $10.35 $10.35 
RobotsShop 

inc 

5 Picecs Silver 8 x 100mm Stainless 
Steel Model Car Shaft Axis 

1 $7.12 $7.12 dsebuy 

6x8x6mm Copper Color SF-1 Self-
lubricating Composite Bearing Bushing 

Sleeve 
10 $3.72 $31.72 dsebuy 

T8 Lead Screw Set Dia 6mm /w Brass 
Nut Lead Shaft Coupling 

5 $15.79 $78.95 bestelecs 

Power Supply 1 $21.95 $21.95 HE3D 

PCS Reusable 44 x 33mm 170 Tiepoints 
Contact Solderless PCB Breadboard 

1 $6.86 $6.86 dsebuy 

830 Tiepoint Solderless MB-102 MB102 
PCB Breadboard White 

1 $6.86 $6.86 dsebuy 

JST Connector Kit (2mm) 1 $8.90 $8.90 
RobotsShop 

inc 

Crimping Pliers 28-20 AWG 1 $29.95 $29.95 
RobotsShop 

inc 

EI3-Tricolor DIY 3D Printer kit Triple 
Extruder 

1 $499 $499 HE3D 

  TOTAL $1,101  

 

 



45 
 

6.2 Timeline 

 

Figure 6-1 sapstone timeline 

6.3 Project Risk Assessment 

Since the project is being constructed in the Laboratory for Nanomedicine, it is in an 

environment containing Level 2 hazardous biological experiments. To prevent risk of 

contamination, Hepatitis B vaccinations are required along with wearing Protective Personal 

Equipment while working in the lab. The contamination of the cells during printing can affect 

their growth. A solution to this is to work in a safety cabinet and sterilize equipment 

regularly. Also, the process of printing the 3D parts for the syringe pumps results in strong 

fumes of melted filament. This can be avoided by printing in a ventilated area.   
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CHAPTER 7 

 

CONCLUSION 

 

7.1 Summary 

3D Bioprinters are gaining increased potential in medical fields. There are needs arising 

to improve the technology and make the process more efficient. This project aims to address 

some of these needs by developing a synchronized pumping and printing system compatible 

with peptide bioinks. The project idea proves to address a current need as requested by the 

KAUST Laboratory for Nanomedicine. It also proves to be feasible from the results obtained 

during the operation of the syringe pumps. The project was completed on time and the 

objectives were met.  

7.2 Conclusion 

The Capstone project was completed successfully. Within the proposed timeline, the 

team was able to achieve the objectives intended and obtain valuable results. The 3D printer 

was successfully converted into a 3D Bioprinter using a custom bioink extruder. The extruder 

was then transferred to a 3D bioprinting robotic arm for more enhanced printing. The core of 

the project, the syringe pump system, was successfully completed after the third prototype. 

The pumps were synchronized to run simultaneously during the printing process. The 

hydrogel extruded from the bioprinter withstood tests for structure and biological capabilities.  

The printed structures were able to continue the growth of cells without any discrepancies. 

Additionally, the total cost of the system was under $3500, which is well under the prices of 

the commercial market. All in all, the project met its goals and has great potential to 

contribute to the field of Nanomedicine.  

 

7.3 Limitations of the study 

Like every project, this project has its limitations. Firstly, the 3D bioprinting robotic arm 
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is a modified commercial robotic arm which makes customization limited. An open source 

robotic arm or one made in-house would allow for more valuable features of the system. 

Also, the syringe pumps are currently controlled using the Arduino serial monitor which is 

not user-friendly. It would be ideal to design a user-friendly graphical user interface for the 

system. Lastly, because the project is at a primary stage, there are many features that have not 

been added such as auto leveling of the printer, positioning of the bed, and automatic sensing 

of the pumps. These features, once added, will enhance the system further and allow it to 

compete with biopritning systems commercially available.  

7.4 Suggestions for future investigation 

This project has a large scope for future modifications and improvements. For faster and 

more advanced 3D bioprinting, the system can incorporate multiple robotic arms 

simultaneously. This would allow for multi material printing which is essential for some 

organs of the body. The syringe pumps can be fully synchronized with the 3D bioprinter 

using one graphical user interface instead of multiple programs. A 3D scanning feature can 

be introduced in the system for a complete scan-to-print process. Since the application of the 

project is in Regenerative medicine, features needed for biological processes can be added 

such as petri dish sterilization. The project will contribute to the ongoing research at KAUST 

Laboratory for Nanomedicine. 
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Our Capstone project won 1st place prize Innovation and Technology competition in the 1st 

IEEE GCC Students and Young Professionals Congress. The competition had 80 participants 

from universities all around the GCC.  

  



49 
 

REFERENCES 

 

[1]  Anand, Archit, Arun, Hemant, & Yuwei,. (2013). 3D Printing - Biological 

Applications. Presentation, National University of Singapore. 

[2] Chung, J., Naficy, S., Yue, Z., Kapsa, R., Quigley, A., & Moulton, S. (2013). 

Bio-ink Properties and Printability for Extrusion Printing Living Cells. 

Biomaterials Science, 1(7), 763-773. 

[3] Hölzl, K., Lin, S., Tytgat, L., Van Vlierberghe, S., Gu, L., & Ovsianikov, A. 

(2016). Bioink properties before, during and after 3D bioprinting. Biofabrication, 

8(3), 1-5. 

[4] Rapid Liu, W., Zhang, S., A. Heinrich, M., De Ferrari, F., Jang, H., & Bakht, S. 

(2017). Rapid Continuous Multimaterial Extrusion Bioprinting. Advanced 

Materials, 29(1604630), 1-8. 

[5] Syringe pump. (n.d.) McGraw-Hill Concise Dictionary of Modern Medicine. 

(2002). Retrieved January 1 2017 from http://medical-

dictionary.thefreedictionary.com/Syringe+pump 

[6] Wijnen, B., J. Hunt, E., C. Anzalone, G., & M. Pearce, J. (2014). Open-Source 

Syringe Pump Library. PLOS One, 9(9), 1-5.  

 

 

 

 



50 
 

APPENDICES 

APPENDIX A Printing settings in Cura 

Print File Syringe Pump Carrier Syringe Pump Body 

Layer Height (mm) 0.15 0.2 

Shell thickness (mm) 0.4 0.4 

Bottom top thickness (mm) 0.8 0.8 

Fill density (%) 50 15 

Print speed (mm/s) 50 50 

Nozzle Temp (Degrees Celsius) 200 210 

Bed temp (Degrees Celsius) 50 50 

Diameter (mm) 1.75 1.75 

Flow (%) 100 100 

Nozzle size (mm) 0.4 0.4 

Retraction speed (mm/s) 40 40 

Initial layer thickness (mm) 0.2 0.3 

Travel speed (mm/s) 50 50 

Bottom speed (mm/s) 20 20 

Min Layer time (s) 7 7 

Printing Time 1:40:00 4:31:00 

Dimensions (mm) 14x36x47 108x46x46 
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APPENDIX B Single syringe pump code 

7 #include <AccelStepper.h> 
8  
9 AccelStepper stepper(1, 48, 50);  // driver step direction 
10  
11 char  userInput[21] = {'d','0','0','0','0','0','v','0','0','0','0','0','s','0','0','0','0','0','d','1','\r'}; 
12  
13 int displacement=0;  int volume=0;  int mspeed=1;  int mdirection=0;  int data=0; int microstepping = 

16;  int   msg_lenght = 0; 
14  
15 void 

setup(){  Serial.begin(9600);   stepper.setMaxSpeed(1000.0);   stepper.setAcceleration(1000.0);   stepp
er.setCurrentPosition(0);} 

16  
17 void loop() { 
18     delay(500); 
19      
20     if ( data==0 ) readuserdata(); 
21      
22     if ( data==1 ){ 
23       displacement = char(userInput[1] - 48)*10000  + char(userInput[2] - 48)*1000  + char(userInput[3] - 

48)*100  + char(userInput[4] - 48)*10   + char(userInput[5] - 48); 
24       volume =       char(userInput[7] - 48)*10000  + char(userInput[8] - 48)*1000  + char(userInput[9] - 

48)*100  + char(userInput[10] - 48)*10  + char(userInput[11] - 48); 
25       mspeed =       char(userInput[13] - 48)*10000 + char(userInput[14] - 48)*1000 + char(userInput[15] 

- 48)*100 + char(userInput[16] - 48)*10  + char(userInput[17] - 48); 
26       mdirection =   char(userInput[19] - 48); 
27        
28       if (mdirection==0) 
29         displacement=-1*displacement;    
30       else 
31         displacement=displacement;    
32  
33       Serial.println(" "); Serial.print(displacement, DEC); Serial.print(" "); Serial.print(volume, DEC); 

Serial.print(" "); Serial.print(mspeed, DEC); Serial.print(" "); Serial.println(mdirection, DEC);         
34              
35       stepper.setSpeed(mspeed);         
36       stepper.setMaxSpeed(mspeed); 
37       stepper.runToNewPosition(displacement*microstepping); 
38       //stepper.setCurrentPosition(0); 
39  
40       data=0;       displacement=0;       volume=0;       mspeed=0;      mdirection=0; 
41  
42       for (int i=0 ; i<=21 ; i++)       
43           userInput[i]=0; 
44       } 
45 } 
46  
47 void readuserdata(){ 
48   char tmp; 
49      if(Serial.available()){      
50         msg_lenght = Serial.available();  
51         Serial.print("Message lenght="); 
52         Serial.print(msg_lenght); 
53         if( msg_lenght == 20  ){  
54            tmp = Serial.read(); 
55            if( tmp == 'd' ){ 
56               userInput[0] = tmp; 
57               for (int i=1;i<=msg_lenght;i++){ 
58                 tmp=Serial.read();  
59                 userInput[i] = char(tmp);                   
60               } 
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61               data=1; 
62               } 
63         } 
64      } 
65 } 

 

APPENDIX C Triple syringe pump code 

66 #include <MultiStepper.h> 
67 #include <AccelStepper.h> 
68  
69 AccelStepper stepper1(1, 26, 28);  // driver step direction 
70 AccelStepper stepper2(1, 30, 32); 
71 AccelStepper stepper3(1, 48, 50); 
72 MultiStepper steppers; 
73 char  userInput[63] = 

{'d','0','0','0','0','0','v','0','0','0','0','0','s','0','0','0','0','0','d','1','\r','d','0','0','0','0','0','v','0','0','0','0','0','s','0','0','0','
0','0','d','1','\r','d','0','0','0','0','0','v','0','0','0','0','0','s','0','0','0','0','0','d','1','\r'}; 

74  
75 int displacement1=0;  int volume1=0;  int mspeed1=1;  int mdirection1=0;  int data=0; int 

microstepping1 = 16;  int   msg_length = 0;  
76 int displacement2=0;  int volume2=0;  int mspeed2=1;  int mdirection2=0; int microstepping2 = 16;  
77 int displacement3=0;  int volume3=0;  int mspeed3=1;  int mdirection3=0;  int microstepping3= 16;    
78  
79 void 

setup(){  Serial.begin(9600);   stepper1.setMaxSpeed(1000.0);   stepper1.setAcceleration(100.0);   step
per1.setCurrentPosition(0);  

80 stepper2.setMaxSpeed(1000.0);   stepper2.setAcceleration(100.0);   stepper2.setCurrentPosition(0);  
81 stepper3.setMaxSpeed(1000.0);   stepper3.setAcceleration(100.0);   stepper3.setCurrentPosition(0); 
82 steppers.addStepper(stepper1); steppers.addStepper(stepper2);steppers.addStepper(stepper3);} 
83  
84 void loop() { 
85  
86     if ( data==0 ) readuserdata(); 
87      
88     if ( data==1 ){ 
89       displacement1 = char(userInput[1] - 48)*10000  + char(userInput[2] - 48)*1000  + char(userInput[3] 

- 48)*100  + char(userInput[4] - 48)*10   + char(userInput[5] - 48); 
90       volume1 =       char(userInput[7] - 48)*10000  + char(userInput[8] - 48)*1000  + char(userInput[9] - 

48)*100  + char(userInput[10] - 48)*10  + char(userInput[11] - 48); 
91       mspeed1 =       char(userInput[13] - 48)*10000 + char(userInput[14] - 48)*1000 + 

char(userInput[15] - 48)*100 + char(userInput[16] - 48)*10  + char(userInput[17] - 48); 
92       mdirection1 =   char(userInput[19] - 48); 
93       
94        
95       displacement2 = char(userInput[21] - 48)*10000  + char(userInput[22] - 48)*1000  + 

char(userInput[23] - 48)*100  + char(userInput[24] - 48)*10   + char(userInput[25] - 48); 
96       volume2 =       char(userInput[27] - 48)*10000  + char(userInput[28] - 48)*1000  + 

char(userInput[29] - 48)*100  + char(userInput[30] - 48)*10  + char(userInput[31] - 48); 
97       mspeed2 =       char(userInput[33] - 48)*10000 + char(userInput[34] - 48)*1000 + 

char(userInput[35] - 48)*100 + char(userInput[36] - 48)*10  + char(userInput[37] - 48); 
98       mdirection2 =   char(userInput[39] - 48); 
99  
100       displacement3 = char(userInput[41] - 48)*10000  + char(userInput[42] - 48)*1000  + 

char(userInput[43] - 48)*100  + char(userInput[44] - 48)*10   + char(userInput[45] - 48); 
101       volume3 =       char(userInput[47] - 48)*10000  + char(userInput[48] - 48)*1000  + 

char(userInput[49] - 48)*100  + char(userInput[50] - 48)*10  + char(userInput[51] - 48); 
102       mspeed3 =       char(userInput[53] - 48)*10000 + char(userInput[54] - 48)*1000 + 

char(userInput[55] - 48)*100 + char(userInput[56] - 48)*10  + char(userInput[57] - 48); 
103       mdirection3 =   char(userInput[59] - 48); 
104  
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105       
106       
107       if (mdirection1==0) 
108         displacement1=-1*displacement1;    
109       else 
110         displacement1=displacement1;    
111       if (mdirection2==0) 
112         displacement2=-1*displacement2;    
113       else 
114         displacement2=displacement2; 
115         if (mdirection3==0) 
116         displacement3=-1*displacement3;    
117       else 
118         displacement3=displacement3; 
119  
120       stepper1.setMaxSpeed(mspeed1); 
121       stepper2.setMaxSpeed(mspeed2); 
122       stepper3.setMaxSpeed(mspeed3); 
123   long positions[3]; // Array of desired stepper positions 
124    
125   positions[0] = displacement1*microstepping1; 
126   positions[1] = displacement2*microstepping2; 
127   positions[2] = displacement3*microstepping3; 
128  
129  
130  
131          
132       Serial.println(" "); Serial.print(displacement1, DEC); Serial.print(" "); Serial.print(volume1, DEC); 

Serial.print(" "); Serial.print(mspeed1, DEC); Serial.print(" "); Serial.println(mdirection1, DEC);         
133       Serial.println(" "); Serial.print(displacement2, DEC); Serial.print(" "); Serial.print(volume2, DEC); 

Serial.print(" "); Serial.print(mspeed2, DEC); Serial.print(" "); Serial.println(mdirection2, DEC);       
134       Serial.println(" "); Serial.print(displacement3, DEC); Serial.print(" "); Serial.print(volume3, DEC); 

Serial.print(" "); Serial.print(mspeed3, DEC); Serial.print(" "); Serial.println(mdirection3, DEC);  
135      
136  
137       steppers.moveTo(positions);         
138       steppers.runSpeedToPosition(); 
139   delay(1000); 
140     
141  
142        
143       //stepper.setCurrentPosition(0); 
144  
145        
146       data=0;       displacement1=0;       volume1=0;       mspeed1=0;      mdirection1=0;      displacement

2=0;       volume2=0;       mspeed2=0;      mdirection2=0; 
displacement3=0;       volume3=0;       mspeed3=0;      mdirection3=0; 

147         
148       for (int i=0 ; i<=63 ; i++)       
149           userInput[i]=0; 
150       } 
151 } 
152  
153 void readuserdata(){ 
154   char tmp; 
155      if(Serial.available()){      
156         msg_length = Serial.available();  
157         Serial.print("Message length="); 
158         Serial.print(msg_length); 
159         if( msg_length == 60  ){  
160            tmp = Serial.read(); 
161            if( tmp == 'd' ){ 
162               userInput[0] = tmp; 
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163               for (int i=1;i<=msg_length;i++){ 
164                 tmp=Serial.read();  
165                 userInput[i] = char(tmp);                   
166               } 
167               data=1; 
168               } 
169         } 
170      } 
171 } 

 

Syringe pump code in Arduino IDE. 

 




