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ABSTRACT 

 

 

 

 

A method to control the flowrate of a syringe fluid dispenser using Active 

Force Control strategy (AFC) was carried out based on a simulation and experimental 

investigation. The AFC technique has been shown to compensate known and unknown 

disturbances in the system through the appropriate estimation of the inertia matrix of 

the physical system. The simplicity and effectiveness of the method in compensating 

the disturbances is demonstrated without relying on heavy mathematical computation. 

The objective of this study is to implement the AFC strategy to control the flowrate of 

the fluid in syringe feeding system. The performance of the AFC scheme was 

compared with the conventional proportional-integral-derivative (PID) controller to 

determine the robustness of the controllers in the dynamical systems. For sensitivity 

analysis purpose, AFC strategy was studied based on its performance with the value 

of the estimated inertia and the percentage of AFC applied to the system varied within 

a selected range. Simulation study was done to theoretically verify the model of the 

syringe fluid dispenser system. An experimental prototype of the syringe fluid 

dispenser system was then designed and developed to validate and complement the 

theoretical study. The development of the experimental rig was done by integrating 

the mechanical, electrical/electronic and computer software control. The results 

determined from both the simulation and experimentation works were analysed and 

compared to study the performance in terms of the proposed system robustness and 

accuracy against various operating and loading conditions. It is obvious that the AFC 

scheme performance is much superior in terms of both the robustness and accuracy 

even in the presence of introduced disturbances in comparison to the PID control 

scheme.  
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ABSTRAK 

 

 

 

 

Satu kaedah untuk mengawal kadar aliran dispenser cecair picagari 

menggunakan strategi kawalan daya aktif (AFC) telah dijalankan berdasarkan simulasi 

dan penyiasatan eksperimen. Teknik AFC telah ditunjukkan untuk mengimbangi 

gangguan yang diketahui dan tidak diketahui dalam sistem menerusi anggaran matriks 

inersia yang sesuai dengan sistem fizikal. Kesederhanaan dan keberkesanan kaedah ini 

dalam memampas gangguan ditunjukkan tanpa bergantung kepada pengiraan 

matematik berat. Objektif kajian ini adalah untuk melaksanakan strategi AFC untuk 

mengawal kadar aliran bendalir dalam sistem picagari. Prestasi skim AFC telah 

dibandingkan dengan pengawal konvensional berkadar-integral-derivatif (PID) untuk 

menentukan keteguhan pengawal dalam sistem dinamik. Untuk kepekaan tujuan 

analisis, strategi AFC telah dikaji berdasarkan prestasinya dengan anggaran nilai 

inersia dan peratusan AFC digunakan untuk sistem yang berbeza-beza dalam julat 

yang dipilih. Kajian simulasi telah dilakukan secara teori untuk mengesahkan model 

sistem picagari cecair dispenser. Satu prototaip eksperimen sistem dispenser cecair 

picagari kemudiannya direka dan dibangunkan untuk mengesahkan dan melengkapkan 

kajian teori. Pembangunan pelantar eksperimen telah dilakukan dengan 

mengintegrasikan mekanikal, kawalan elektrik/elektronik dan perisian komputer. 

Keputusan ditentukan dari kedua-dua simulasi dan ujikaji dianalisis dan dibandingkan 

dengan mengkaji prestasi dari segi kemantapan sistem yang dicadangkan dan 

ketepatan terhadap pelbagai keadaan operasi dan muatan. Ia adalah jelas bahawa 

prestasi skim AFC adalah lebih unggul dari segi keteguhan dan ketepatan walaupun 

dalam kehadiran gangguan diperkenalkan berbanding dengan skim kawalan PID.  
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.0 General Introduction 

 

 

 The combination of high chemical, thermal and mechanical resistance has 

made hollow fibre membranes an attractive alternative to polymeric varieties as it has 

a high surface area/volume ratios achieved by hollow fibre configurations. Hollow 

fibre membrane (HFM) performance may greatly exceed that of other membrane 

systems (Benjamin et al., 2009). Due to its structure, HFM has the ability to operate 

at high temperatures and pressures, and in corrosive environments. Due to its 

impressive behaviour, it is used in a variety of applications including filtration for 

corrosive fluids (Weber et al.., 2003), high temperature membrane reactors (Keuler 

and Lorrenzen, 2002) solid oxide fuel cells (Wei and Li, 2008) and membrane 

contactors (Koonaphapdeelert and Li, 2006). The main goal in membrane technology 

is to control the structure and performance of the membrane (Mustaffar et al.., 2004). 

However, to achieve this goal, a wide number of parameters need to be considered as 

the membrane structure and performances depends on various factors which includes 

flowrate of the bore fluid and polymeric solutions, temperature of the solution, 

coagulant, polymer choice etc (Darton et al.., 2012). This study will study the control 

methods used to control the flowrate of the bore fluid in spinneret for the preparation 

of the bore fluid.  
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1.1 Research Background 

 
 

 Membrane has made significant advancement due to its flexibility, 

performance reliability, increased environmental awareness which results in an 

increase of its demand and cost competitiveness (Mustaffar et al., 2004). Porosity 

prediction is crucial before applying the membranes in real applications. This is 

because porosity will affect the structure of the membrane as well as the membrane’s 

performance. Various factors need to be considered as these factors will be affecting 

the performance of the membranes. Plus, varying these factors could cause the 

membrane structure to be significantly affected as these factors may be dependent to 

one another. In this present study, the focus will be on controlling the flowrate of the 

bore fluid in the spinneret.  

 

 

 Past studies have utilized the usage of a syringe pump to control the flowrate 

of bore fluid on the spinneret (Mohammad et al., 2004; Mustaffar et al.., 2004). 

Although federate control is a powerful tool which is used in various fields, syringe 

pump is known to cause fluctuations in flowrate (Zida et al., 2014). This is due to the 

mechanical oscillations within the syringe pumps (Wen et al., 2014). Therefore, this 

present study attempts to control the flowrate of a syringe fluid dispenser by utilizing 

DC motors combined with control methods.  

 

 

DC motors are dominantly used in industries where accurate speed and 

position control is required. DC motors is a motor which is used for speed or position 

control in closed loop control systems (Akar and Temiz, 2007). They are widely used 

in a wide range of applications that includes precise positioning as well as speed 

control (Bindu and Namboothiripad, 2012). DC motors have been dominantly used at 

computers, numeric control machines, industrial equipment, weapon industry, and 

speed control of alternators, control mechanism of full automatic regulators as the first 

starter (Akar and Temiz, 2007). This is generally due to DC motor having 

characteristics such as the wide rotation speed adjustment range, the linear mechanical 

character and the regulated character and the fast dynamical response (Huang et al., 

2013). Plus, research works mostly focuses on DC motors in the field of control of 

mechanical linkages and robots (Akar and Temiz, 2007). The study of controlling a 
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DC motor has been done extensively by a wide range of researchers. Some recent 

control method of the DC motor which will be included in this study are the 

Proportional-Integral-Derivative (PID) control (Noshadi et al., 2010; Jamal and Zhu, 

2010; Bindu and Namboothiripad, 2012), Fuzzy Control (Akar and Temiz, 2007; 

Dipraj and Pandey, 2012), Fuzzy PI dual mode control (Yang et al., 2013), Neuro 

Fuzzy control (Kang and Kim, 2001) and Active Force Control (AFC) (Jahanabadi et 

al.., 2011; Dehkordi et al., 2012). The present study focuses on controlling a DC motor 

by using PID control and AFC.  

 

 

 A DC motor exhibits wide rotation speed adjustment range, the linear 

mechanical character and the regulated character and the fast dynamical response 

characteristics (Huang et al., 2013). PID is a common used control method for 

controlling DC motor in industries. Although PID control could generally perform 

excellently for a system with no or little disturbances and operating at a low speed, 

however at the adverse conditions, the performance of a PID control degrades 

considerably (Jahanabadi et al.., 2011). Therefore, a need of a controller that could 

provide robustness and a stable performance in the presence of disturbances is needed. 

In the present study, a control method that is able to secure systems stability and 

robustness and minimize the presence of known and unknown disturbances is 

proposed and applied to the motion control of a DC motor. This controller is called 

Active Force Control (AFC) which is pioneered by Johnson (1971) and later by 

Davidson (1976) (Ramli et al., 2013). Through the works of Hewit and Burdess 

(1981), AFC has been proven to be simple, robust and effective compared to 

conventional methods in controlling dynamical systems, both in theory and in practice 

(Jahanabadi et al.., 2011). In this study, AFC is used to accurately control the speed 

of a DC motor which will then control the feedback rate of a syringe fluid dispenser 

through drive mechanism. Both theoretical and experimental approach shall be used 

in the undertaken research. The AFC controller applied to the DC motor will be tested 

vigorously with different operating conditions. 
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1.2 Problem Statement 

 

 

 A wide range of application utilizes the control of flowrate. These applications 

include medical applications as well as various chemical process control. Crucial 

control of flowrate is needed to ensure that the desired operation is achieved. An 

example of a crucial control of flowrates is medical applications, in which the control 

of the flowrate of the vaccines and medications is needed. The operation in which 

vaccines are produced requires precise flowrates as well as precise volumes. A slight 

error occurred could cause a huge amount of economic lost as the vaccines may be 

needed to be thrown away to not affect the health of its consumer as well as risking 

the lives of others as the vaccines produced may give side effects to the patients. 

Control of flowrate has been done extensively using a wide range of approach ranging 

from manual control to electronic control such as pumps and the utilization of motors. 

Therefore, this study is needed to assess and study the control of a flowrate. However, 

the flowrate considered in this study is the flowrate of a syringe fluid dispensing 

system. 

 

 

 Controlling a DC motor is important to ensure that desired performance is 

achieved. From the literature survey, extensive research was done by many researchers 

to control the speed and position of a DC motor by various controller approach. The 

control of the DC motor could be done by utilizing the conventional PID controller, 

adaptively controlling the DC motor by applying intelligent system and by using other 

methods such as the AFC. This study therefore aims to precisely control the speed of 

a DC motor to determine the flowrate of fluids in small pipe or cylinder or syringes.  

 

 

 

 

1.3 Research Objective 

 

 

 Present study involves the real time implementation of PID and AFC to control 

the feed rate of a syringe fluid dispenser. Therefore, the objectives of this study 

includes: 
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(i)   To model, simulate and control the volumetric flowrate of a syringe 

fluid dispensing fluid using PID and AFC,  

(ii)  To develop a real time experimental rig, and 

(iii) To validate the proposed control scheme. 

 

 

 

 

1.4 Research Scope 

 

 

 The research mainly focuses on the control of the DC motor to provide the 

flow or feed rate regulation of the syringe fluid dispensing system. The research scope 

is as follows: 

a. The study is limited to a small DC motor and the modelling of the DC motor 

will be done on its linear range only.  

b. The fluid in the syringe considered in the study is water. 

c. The reference or targeted fluid flow/feed rate is based on the production of the 

hollow fibre membrane production system. 

d. The simulation study is performed using MATLAB/Simulink software 

package based on PID and AFC control methods. 

e. The drive mechanism implemented in the study to change the drive from 

rotational motion to translational motion involves rack and pinion, ball screw 

and lead screw, in order to control the feedrate of the syringe fluid dispenser.  

However for the experimental work a ball screw mechanism shall be 

employed. 

f. An experimental is fully designed and developed based on mechatronic 

approach considering both the PID and AFC control schemes. A 

microprocessor-based system (microcontroller, data acquisition system, I/O 

devices) will be applied to the hardware in-the-loop system to control the DC 

motor. 

g. The sensitivity analysis shall consider a number of varied loading and 

operating conditions pertaining to the controller gains, estimated inertia matrix 

and AFC percentage. 
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1.5 Research Methodology 

 

 

 This study methodology is summarized into four major tasks; literature review, 

modelling and simulation, design and development of the experimental test rig, 

experimentation and analysis. Integration of the mechanical, electrical/electronics, and 

software control as well as hardware-in-the-loop (HIL) test configuration is the 

fundamental component of this study.  

 

 

 

 

1.5.1 Literature Review 

 

 

 The overview of the syringe fluid dispenser system was described at length 

based on the previous research related. A detailed description of the control techniques 

applied to speed control of a DC motor was then discussed. The control techniques 

discussed are categorised into two categories; intelligent feedback controllers and 

robust controllers. The theories related with AFC and a DC motor was then explained 

in detail.  

 

 

 

 

1.5.2 Modelling and Simulation 

 

 

 The modelling is done by considering the principles related to the physical 

system. This includes derivation of mathematical equations that explains the dynamics 

and kinematics of the system. The modelling of the syringe fluid dispenser was done 

by integrating the DC motor, the drive mechanism and the syringe fluid dispenser. 

Three different drive mechanisms were proposed for this system.  

 

 

 PID as a robust technique has been implemented with AFC for comparison. 

The simulation study was performed by implementing the presence of disturbance due 

to the unwanted vibration from the hardware as well as environmental conditions. A 

comparison of the control methods was conducted as a benchmarking for the 
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performance of the two controllers. Analysis of the effect on varying the estimated 

inertia of the AFC strategy was also performed. The simulation was conducted using 

MATLAB/Simulink software as the primary tool for developing the syringe fluid 

dispenser experimental rig.   

 

 

 

 

1.5.3 Design and development of the experimental rig 

 

 

 Development of the experimental rig utilizes the integration of the mechanical, 

electrical and software control components. All the important aspects associated with 

the mechanism of the system and related environmental conditions are taken into 

consideration.  

 

 

i. Mechanical  

 

 

The development of the mechanical design is based on the physical concept of 

a syringe fluid dispenser system driven by a ball screw. The design steps will include 

suitability of the structural system, efficiency, and consideration of various factors, 

which includes cost, availability, etc. A complete design of the test rig was developed 

by addressing the friction of its components, the viscosity and density of the fluid.  

 

 

ii. Electrical and electronics 

 

 

 The electrical and electronics component are associated with the input and 

output (I/O) devices. Quadrature and rotary encoder are suitable to be used in this 

system to track the position of the shaft of the DC motor hence measuring the speed 

of the DC motor. Transistors as well as diodes are also suitable to be used as the 

electrical components for this system. Installation of the electrical and electronics 

component requires knowledge in mechatronics experience in this stage of the study.  
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iii. Software Control  

 

 

 This stage includes interfacing the computer and control panel including data 

acquisition procedure using Arduino MEGA 2560 microcontroller and a PC for 

software control. The actuators were all linked and integrated with the Arduino MEGA 

2560 microcontroller and were later tested prior to the experimentation. 

MATLAB/Simulink was employed as an instrumental linkage between the physical 

mechanical, electrical and software control components through the Arduino MEGA 

2560 microcontroller hence forming a hardware-in-the-loop simulation and test 

platform. 

 

 

iv. Experimentation 

 

 

 In order to achieve the objective of the study, the development of an adequate 

model that represents the system is crucial. The study will be done in two parts, which 

includes experimental and simulation. The results of the two approach will be assessed 

and compared, and a validation process will be made in which the results of both 

methods will be compared and analysed. Figure 1.1 represents the flowchart of the 

model development of controlling the feedrate of a syringe fluid dispensing system. 
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Figure 1.1 Flowchart of the development of feedrate control of a syringe fluid 

dispensing system 

 

 

 

 

1.6 Thesis Outline 

 

 

 This paper is organised into five chapters. The general introduction in chapter 

1 introduces the recent research done in using various type of controllers to control a 

DC motor. Research background discusses the challenges faced by a conventional PID 

controller in the presence of disturbances which is then the reason of the AFC scheme 

being implemented in controlling the DC motor. Problem statement discussed the 

START 
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System Integration 
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Comparative Study 
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END 
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significance of the study which is then followed by research objectives and scopes of 

this study which describes the objective and limitations of the present study.  

 

 

 Chapter 2 discusses the theory and fundamental behind the PID control and 

AFC. It also discusses the different control methods available and previously used 

which includes fuzzy control, fuzzy-PI dual mode control and neuro fuzzy control to 

control the speed of the DC motor based on past research. The different drive 

mechanisms were discussed and compared in this chapter.  

 

 

 Chapter 3 describes the modelling and simulation study of the syringe fluid 

dispenser. The application of the AFC method in simulation was discussed in this 

chapter. PID and AFC were both implemented into the system to study the 

performance of the control methods theoretically. Analysis and evaluation of the 

results were done.  

 

 

 Chapter 4 discusses the design and development of the experimental rig.  The 

incorporation and integration of the mechanical, electrical and electronics and 

software control components were discussed in this chapter. This chapter 

demonstrates the practical application of both PID and AFC in real world situations. 

The experimentation results obtained were analysed and evaluated. The results were 

also used as a verification and validation of the simulation result.  

 

 

 Chapter 5 concludes the recent study which has been implemented. Future 

works that are expected to be implemented are also addressed in this chapter. 

 

 



 
 

 

 

 

 

 

REFERENCES 

 

 

 

 

 

Abbasgholipourghadim, M., Mailah, M.B., Zaurah, I., Ismail, A.F., Rezaei 

Dashtarzhandi, M., Abbasgholipourghadim, M. (2016). Membrane surface porosity 

and pore area distribution, incorporating digital image processing, International 

Journal of Mechanics, 10, 124 – 131.  

 

 

Abbasgholipourghadim, M., Mailah, M., Mat, I. Z, Ismail A. F., Dashtarzhandi M. R., 

Abbasgholipourghadim & Khademi S. (2015). Porosity and Pore Area Determination 

of Hollow Fibre Membrane Incorporating Digital Image Processing, Recent Advances 

in Mechanics and Mechanical Engineering, 118 – 123, 2015 

 

 

Afrasiabi, N., & Yazdi, M. H. (2013). Sliding Mode Controller for Dc Motor Speed 

Control. Global Journal of Science, Engineering and Technology, ISSN, 23222441, 

45-50. 

 

 

Akar, M., & Temiz, I. (2007). Motion controller design for the speed control of DC 

motor. International Journal of Applied Mathematics and Informatics, 4(1), 131-137. 

 

 

Appaji, M. S. V., Reddy, G. S., Arunkumar, S., & Venkatesan, M. (2014). An 8051 

Microcontroller based Syringe Pump Control System for Surface 

Micromachining. Procedia Materials Science, 5, 1791-1800. 

 

 

Bindu, R., & Namboothiripad, M. K. (2012). Tuning of PID controller for DC motor 

using genetic algorithm. International Journal of Emerging Technology and Advanced 

Engineering, 2(3), 310-314. 

https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57189891898&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6508147980&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=55906086100&zone=
https://www.scopus.com/authid/detail.uri?authorId=7201548542&amp;eid=2-s2.0-84975736078
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56398383600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56398383600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57189891897&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84975736078&origin=resultslist&sort=plf-f&src=s&sid=D7E779B230A0C2678EF26CA1465C5F96.wsnAw8kcdt7IPYLO0V48gA%3a40&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286508147980%29&relpos=4&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84975736078&origin=resultslist&sort=plf-f&src=s&sid=D7E779B230A0C2678EF26CA1465C5F96.wsnAw8kcdt7IPYLO0V48gA%3a40&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286508147980%29&relpos=4&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700166617?origin=resultslist
https://www.scopus.com/sourceid/19700166617?origin=resultslist


66 

Barber, R., Köllmer, M. D. L. H., & Crespo, J. (2013). Control Practices Using 

Simulink with Arduino As Low Cost Hardware. In ACE (pp. 250-255). 

 

 

Berahim N., Besar S., Abdul M. Z., Zulkifli S. A. & Rizman Z. I. (2015). PID Voltage 

Control For DC Motor Using MATLAB/Simulink and Arduino Microcontroller. In 

Journal of Applied Environmental and Biological Sciences, 5(9), 166-173. TextRoad 

Publications. 

 

 

Cai, X., Walgenbach, M., Doerpmond, M., Schulze Lammers, P., & Sun, Y. (2016). 

Closed-Loop Control of Chemical Injection Rate for a Direct Nozzle Injection System. 

Sensors, 16(1), 127. 

 

 

Chaiya, U., & Kaitwanidvilai, S. (2009). Fixed-structure robust DC motor speed 

control. In Proceedings of the International MultiConference of Engineers and 

Computer Scientists, IMECS (Vol. 2). 

 

 

Chen, W., Kong, K., & Tomizuka, M. (2015). Dual-stage adaptive friction 

compensation for precise load side position tracking of drive mechanisms. Control 

Systems Technology, IEEE Transactions on, 23(1), 164-175. 

 

 

Degenova, J., What You Ought To Know About Ball Screws. Retrieved from 

http://machinedesign.com/mechanical-drives/what-you-oughtknow-about-ball-

screws# 

 

 

Dursun, E. H., & Durdu, A. (2016). Speed Control of a DC Motor with Variable Load 

Using Sliding Mode Control. International Journal of Computer and Electrical 

Engineering, 8(3), 219. 

 

 

Eitel, L., (2011). What are Lead Screws? Technical Summary for Motion Engineers. 

Retrieved from http://www.motioncontroltips.com/2011/10/04/lead-screws/ 

 

 

http://machinedesign.com/mechanical-drives/what-you-ought-
http://www.motioncontroltips.com/2011/10/04/lead-screws/


67 

Filardi, G., Sename, O., Besançon-Voda, A., & Schroeder, H. J. (2003). Robust H∞ 

control of a DVD drive under parametric uncertainties. In European Control 

Conference (ECC), 2003 (pp. 2715-2720). IEEE. 

 

 

Hashemi-Dehkordi, S. M., Abu-Bakar, A. R., & Mailah, M. (2012). Reducing friction-

induced vibration using intelligent active force control (AFC) with piezoelectric 

actuators. Sadhana, 37(6), 637-655. 

 

 

Huang, J., Wang, J. F., & Yang, C. Z. (2013). The Steady State Precision Control of 

DC motor Based on State Space Adaptive Pole Assignment. In Applied Mechanics and 

Materials (Vol. 345, pp. 68-71). 

 

 

Incze, I. I., Negrea, A., Imecs, M., & Szabó, C. (2010). Incremental encoder based 

position and speed identification: modeling and simulation. Acta Universitatis 

Sapientiae, Series Electrical and Mechanical Engineering, 2, 27-39. 

 

 

Incze, J. J., Szabó, C., & Imecs, M. (2009). Modeling and simulation of an incremental 

encoder used in electrical drives. In Proceedings of 10th International Symposium of 

Hungarian Researchers on Computational Intelligence and Informatics, Budapest, 

Hungary, November (pp. 12-14). 

 

 

Jahanabadi, H., Mailah, M., Zain, M. M., & Hooi, H. M. (2011). Active force with 

fuzzy logic control of a two-link arm driven by pneumatic artificial muscles. Journal 

of Bionic Engineering, 8(4), 474-484. 

 

J.N. Keuler, L. Lorenzen, The dehydrogenation of 2-butanol in a Pd–Ag membrane 

reactor, J. Membr. Sci. 202 (1–2) (2002) 17–26. 

 

 

Kang, Y. H., & Kim, L. K. (2001, August). Design of neuro-fuzzy controller for the 

speed control of a DC motor. In Electrical Machines and Systems, 2001. ICEMS 2001. 

Proceedings of the Fifth International Conference on (Vol. 2, pp. 731-734). IEEE. 

 



68 

Kingsbury, B. F., & Li, K. (2009). A morphological study of ceramic hollow fibre 

membranes. Journal of Membrane Science, 328(1), 134-140. 

 

 

Koshkouei, A. Jafari, and Alan Solon Ivor Zinober. "Sliding mode controller-observer 

design for SISO linear systems." International journal of systems science 29.12 

(1998): 1363-1373. 

 

 

Kwek, L. C., Kang, C. C., Loo, C. K., & Wong, E. K. (2005). Implementation of 

evolutionary active force control in a 5-link biped robot. Intelligent Automation & Soft 

Computing, 11(3), 167-178. 

 

 

Kunzer, B. E. (2011). Development and Characterization of a Custom Syringe Pump 

for Delivery of Picoliter Range Liquid Volumes (Doctoral dissertation, University of 

Illinois at Chicago). 

 

 

Laevsky, K., & Mattheij, R. M. M. (2000). Numerical simulation of the plunger 

velocity. Eindhoven University of Technology, Department of Mathematics and 

Computing Science. 

 

 

La Valley, A. M. (2008). Design and implementation of a Motor Incremental Shaft 

Encoder (Doctoral dissertation, Monterey California. Naval Postgraduate School). 

 

 

Lazar, R. A., Mandal, I., & Slater, N. K. (2015). Effect of bore fluid composition on 

microstructure and performance of a microporous hollow fibre membrane as a cation-

exchange substrate. Journal of Chromatography A, 1394, 148-153. 

 

 

Li, Z., Mak, S. Y., Sauret, A., & Shum, H. C. (2014). Syringe-pump-induced 

fluctuation in all-aqueous microfluidic system implications for flow rate accuracy. Lab 

on a Chip, 14(4), 744-749. 

 

 



69 

Lim, T. M., & Cheng, S. (2007). Parameter estimation and statistical analysis on 

frequency-dependent active control forces. Mechanical systems and signal 

processing, 21(5), 2112-2124. 

Liu, J., Zhang, P., & Wang, F. (2009). Real-time DC motor position control by PID 

controller using LabVIEW. In 2009 International Conference on Intelligent Human-

Machine Systems and Cybernetics (pp. 206-209). IEEE. 

 

 

MadhusudhanaRao, G., & SankerRam, B. V. (2009). A neural network based speed 

control for DC motor. International Journal of Recent Trends in Engineering, 2(6), 

121-124. 

 

 

Maheswararao, C. U., Babu, Y. K., & Amaresh, K. (2011). Sliding mode speed control 

of a DC motor. In Communication Systems and Network Technologies (CSNT), 2011 

International Conference on (pp. 387-391). IEEE. 

 

 

Maillefer, D., Gamper, S., Frehner, B., Balmer, P., Van Lintel, H., & Renaud, P. 

(2001,). A high-performance silicon micropump for disposable drug delivery systems. 

In Micro Electro Mechanical Systems, 2001. MEMS 2001. The 14th IEEE 

International Conference on (pp. 413-417). IEEE.  

 

 

Murtaza, G., & Bhatti, A. I. (2012, January). Control of DC motors using sliding mode. 

In Proceedings of 2012 9th International Bhurban Conference on Applied Sciences & 

Technology (IBCAST) (pp. 37-42). IEEE. 

 

 

Mustaffar, M. I., Ismail, A. F., & Illias, R. M. (2004). Study on the effect of polymer 

concentration on hollow fiber ultrafiltration membrane performance and morphology. 

In Regional Symp. Membrane Science and Technology. 

 

 

Miró, M., Cerdà, V., & Estela, J. M. (2002). Multisyringe flow injection analysis: 

characterization and applications. TrAC Trends in Analytical Chemistry, 21(3), 199-

210. 

 



70 

Nook, C. (2013). Lead Screw vs Ball Screws: It’s All about the Application. 

Retrieved from http://blog.helixlinear.com/bid/224687/Lead-Screws-vs-Ball-Screws-

It-s-All-about-the-Application 

 

 

Nasir, M. Z. M., Dwijotomo, A., Abdullah, M. A., Hassan, M. Z., & Hudha, K. (2012). 

Hardware-in-the-loop Simulation for Automatic Rack and Pinion Steering System. 

In Applied Mechanics and Materials (Vol. 229, pp. 2135-2139). Trans Tech 

Publications. 

 

 

Noshadi, A., Mailah, M., & Zolfagharian, A. (2010). Active force control of 3-RRR 

planar parallel manipulator. In Mechanical and Electrical Technology (ICMET), 2010 

2nd International Conference on (pp. 77-81). IEEE. 

 

 

Olivier, L. C., Kendoff, D., Wolfhard, U., Nast-Kolb, D., Yazici, M. N., & Esche, H. 

(2003). Modified syringe design prevents plunger-related contamination—results of 

contamination and flow-rate tests. Journal of Hospital Infection, 53(2), 140-143. 

 

 

Panchade, V. M., Waghmare, L. M., Patre, B. M., & Bhogle, P. P. (2007). Sliding 

mode control of DC drives. In 2007 International Conference on Mechatronics and 

Automation (pp. 1576-1580). IEEE. 

 

 

Pandey, A. K. (2012). Speed Control of DC motor By Fuzzy Controller. International 

Journal of Technology Enhancements and Emerging Engineering Research, 1(8), 139-

142. 

 

 

Peng, Y., & Wang, L. (2012, February). A Rack-and-Pinion Pumping Unit Design. In 

Advanced Materials Research (Vol. 472, pp. 657-661). Trans Tech Publications. 

 

 

Qun-xiong, Z. (2009). Real-time DC motor position control by (FPID) controllers and 

design (FLC) using labview software simulation. In 2010 The 2nd International 

Conference on Computer and Automation Engineering (ICCAE). 

http://blog.helixlinear.com/bid/224687/Lead-Screws-vs-Ball-


71 

 

 

R.Weber, H. Chmiel, V. Mavrov, (2003). Characteristics and application of new 

ceramic nanofiltration membranes, Desalination, 157 (1–3) 113–125. 

 

 

Rahman, T. Z., & Darus, I. M. (2011). Active Vibration Control of a flexible plate via 

Active Force Control strategy. In Mechatronics (ICOM), 2011 4th International 

Conference On (pp. 1-6). IEEE. 

 

 

Ramli, H., Kuntjoro, W., Meon, M. S., & Ishak, K. M. (2013). Adaptive Active Force 

Control Application to Twin Rotor Mimo System. Applied Mechanics and Materials,  

393, 688-693. 

 

 

Ramli, H., Meon, M. S., Mohamed, T. L. T., Isa, A. A. M., & Mohamed, Z. (2012). A 

Fuzzy-Active Force Control Architecture Based in Characterizing Nonlinear Systems, 

Behavior. Procedia Engineering, 41, 1389-1397. 

 

 

S. Koonaphapdeelert, K. Li, (2006). The development of ceramic hollow fibre 

membranes for a membrane contactor, Desalination, 200 (1–3), 581–583. 

 

 

Sathishkumar, P., J. Jancirani, and Dennie John. (2014). Reducing the seat vibration 

of vehicle by semi active force control technique. Journal of Mechanical Science and 

Technology, 28(2), 473-479. 

 

 

Shih, C. A., Lu, S. S., & Huang, H. P. (1994). Robotic deburring with a hybrid‐

compliance end‐effector. Journal of the Chinese Institute of Engineers, 17(4), 499-

511. 

 

Sreenath, K., Park, H. W., Poulakakis, I., & Grizzle, J. W. (2013). Embedding active 

force control within the compliant hybrid zero dynamics to achieve stable, fast running 

on MABEL. The International Journal of Robotics Research, 32(3), 324-345. 

 

 



72 

Udai, A. D., Hayat, A. A., & Saha, S. K. (2014). Parallel active/passive force control 

of industrial robots with joint compliance. In IEEE/RSJ International Conference on 

Intelligent Robots and Systems (IROS 2014), 4511-4516. 

 

 

Weiss, M., Hug, M. I., Neff, T., & Fischer, J. (2000). Syringe size and flow rate affect 

drug delivery from syringe pumps. Canadian Journal of Anesthesia, 47(10), 1031-

1035. 

 

 

Wijnen, B., Hunt, E. J., Anzalone, G. C., & Pearce, J. M. (2014). Open-source syringe 

pump library. PLoS One, 9(9), e107216. 

 

 

Yang, Y., Chen, Y., Sun, H., & Huang, J. (2014). The Rotation Speed Control of DC 

motor based on Fuzzy-PI Dual Mode. In Applied Mechanics and Materials, 454, 34-

38. 

 

 

Yau, Her-Terng, and Jun-Juh Yan. (2009). Adaptive sliding mode control of a high-

precision ball-screw-driven stage. Nonlinear Analysis: Real World 

Applications, 10(3), 1480-1489. 

 

Zeng, W., Jacobi, I., Beck, D. J., Li, S., & Stone, H. A. (2015). Characterization of 

syringe-pump-driven induced pressure fluctuations in elastic microchannels. Lab on a 

Chip, 15(4), 1110-1115. 

 

 

Zulkifli, S. A., Ghani, A., Akli, M. K., Deraman, F., Berahim, N., Abdullah, A. H., 

Razali, M. (2015). Investigation on various Voltage Controllers for 3 phase rectifier 

using Arduino as a Low Cost Microcontroller. In Applied Mechanics and Materials, 

793, 257-261. 

 




