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ABSTRACT

The pneumatic actuator based on McKibben artificial muscles in antagonistic
connection was designed and realized. The artificial muscles are acting against themselves and
resultant position of the actuator is given by equilibrium of their forces according to different
pressures in muscles. The pressures in artificial muscles (and in this manner muscles
contraction too) are controlled by solenoid valves. The aim of this study is to develop the light
Pneumatic Artificial Muscle (PAM) for positioning task. Firstly, the working principles of
PAM are studied. Then the materials to develop the PAM are selected and pneumatic
equipment are been setup. The fabrication process are done until the PAM are produced. After
that, fabricate the experimental setup using antagonistic actuation system which can produced
bidirectional motion for manipulator which is arm. The primary drive system for this project is
pneumatic system. Setup the pneumatic circuit that include compressor, pressure gauge,
pneumatic tubing and connector, flow control valve and 5/3 way solenoid valve. Connect the
pneumatic air unit to the muscle and actuation system. Pulling force produced by PAM will
affect the angle of rotation of the arm. Different pressure inside PAM will produced different

pulling force to rotate the arm at specific angle.



ABSTRAK

Aktuator pneumatik berdasarkan konsep otot tiruan McKibben dalam penyambungan
antagonis telah direka dan direalisasikan. Otot tiruan ini berfungsi menentang satu sama lain
dalam kedudukan pegun yang diseimbangkan oleh tekanan udara yang berbeza dalam setiap
otot. Tekanan didalam otot tiruan ini (menyebabkan otot mengecut) dikawal oleh injap
solenoid. Tujuan projek ini adalah untuk mencipta otot tiruan ringan (PAM) yang
menggunakan sistem pneumatik untuk melakukan tugasan kedudukan. Seterusnya, bahan-
bahan untuk mencipta PAM dipilih dan peralatan pneumatik disediakan. Proses fabrikasi
dilaksanakan sehingga tercipta PAM. Kemudian, penyediaan eksperimen menggunakan sistem
antagonis yang boleh menghasilkan pergerakan dwiarah untuk manipulator yang digunakan
iaitu lengan. Sistem pemacu utama bagi projek ini adalah sistem pneumatik. Litar pneumatik
yang mengandungi kompresor, regulator udara, tiub pneumatik dan penyambung, injap
kawalan arus dan injap solenoid 5/3 laluan. Daya tarik yang dihasilkan oleh PAM akan
memberi kesan kepada sudut putaran pada lengan. Tekanan udara yang berbeza akan

menghasilkan daya tarik yang berbeza untuk memutarkan lengan pada sudut tertentu.
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CHAPTER 1
INTRODUCTION

This chapter give a brief explanation about this project, which starting with background of the
project on Development of Pneumatic Artificial Muscles for Positioning Task. Next section on
the problem statement of the project and followed by the objectives of this project. Based on
both problem statement and objectives, the scope of this project can be identified in next

section. Lastly the conclusion on the chapter also chapter remarks for all chapter.

1.1 Background

Actuator is the component that responsible for controlling the mechanism or movement
of the system. They requires energy and signal to control it. Energy such as pneumatic,
hydraulic or electrical voltage/current are required for the actuator. Pneumatic Artificial
Muscles (PAMs) is one of the actuator that widely use in floor automation and robotics as well.
One of the main reason why PAMs are widely use is the low weight and flexible behaviour.
The shape is like human’s muscle membrane that can be inflation and contract. The main source
of energy that operate the PAMs are compressed air (pneumatics). They are extremely light
because of the membrane are their core element and they can transfer the exact amount of
energy as cylinder do since they operates at same volume and pressure. This is the great

potential to be used to power robots and use in automation field.

Actuator which are nonconventional based on this PAM can be used mainly in

manipulators for lower energy consumption and higher performance at lightweight actuator.

1



Basically, manipulation in manufacturing technologies which is major in robotics need actuator

that can give high performance to weight ratios and high force/torque to weight.

1.2 Problem Statement

Automation and robotic field are being utilized highly in application that require
human’s interaction. Human’s interaction needed in this field in order to ensure these actuator
works properly, to program the system, maintenance on the actuator and replacement of
actuator in the system. For manipulator in manufacturing field, lower energy consumption and

higher performance at lightweight actuator is needed.

In order to overcome this situation, light weight and compliant manipulation are
desirable. These requirements are needed because many conventional actuation system are
often huge, heavy and typically use high firmness to achieve high effectiveness. PAMs are the
actuator that can accomplish these elements while offering super lightweight ratios compared
to those conventional actuators. This lightweight actuator can be used in applications of

industrial robotic and also in applications of biomedical engineering.

1.3  Objectives

1. To fabricate the light Pneumatic Artificial Muscles (PAM).

2. To carry out performance test of the muscle (PAM) using antagonistic setup.



1.4  Scope

The study will focus on the performances of PAM as the actuator in the system to control the
mechanism and movement of the system. The implementation of antagonistic set-up to
generate bidirectional motion either in linear or rotational motion will be used as the devices

for PAM. Lastly, the angle of rotation of the arm will be recorded.

1.5 Expected Result

For this project, the expected outcome mostly the objectives of this project achieved
successfully. The PAM can be fabricate and work properly in the system as the working
principles. The muscle can contract when the pressurized air going inside. Lastly, the

performance test of the muscle can be carry out and function properly.

1.6 Conclusion

This project including design of the PAM actuator to perform and positioning task. After that,
experimental analysis on the actuator will be done to find out the equilibrium position by setup
the antagonistic couple. The angle of rotation which depends on air pressure in PAM, and

maximum load that can be carried by the arm will be revealed.



1.7  Chapter Remarks

In Chapter 1 the introduction on the project are briefly discuss. From surrounding
manufacturing environment, the problem statement are being define. From problem statement,
objective to overcome the problem identified. Scope of study on this project are discussed to
make the project more understand to complete. Chapter 2, the previous research on the project
are being review completely. The requirement information on the project are get from previous

experiment.

Chapter 3 for methodology, which is the section where the method, way and setup are
fully described. Flowchart on overall project are included in this section. Experimental setup
on the project are describe in this chapter. For Chapter 4, the result of experiment on the project
are recorded and been fully discuss on the performance of the system. Lastly Chapter 5, the

conclusion, the result and discussion being conclude in this chapter.



CHAPTER 2
LITERATURE REVIEW

2.1 Light Pneumatic Artificial Muscle

The growth era of robotics, through the mid-1980’s, was heralded by the introduction
of automation into labor intensive industries. As with any market inefficiency, the easy
problems were tackled first to maximize the return on investment. However, as the robotic
industry’s growth declined in the 1990’s, it was clear the hard problems were left. One of the
most challenging problems is the ability of a robot to productively interact in an uncontrolled
environment. Human labor remains the most effective means of solving this problem.
Biological muscle can be modelled as an actuator whose output force is a function of length,
velocity, and level of activation. The muscle physiology literature contains numerous reports
identifying the relationship between force and length during isometric contractions (constant
length) when the activation is maximal (Klute et al. 1999).

Pneumatic artificial muscle (PAM) is an actuator that converts gas pressure to
mechanical tension. It was put forward firstly by the American doctor J.L.McKibben and was
used as the actuator of the prosthesis. However, due to lack of satisfy control method and
storage of gas, such actuator was not widely used and given enough attention. Today, PAM re-
enter people’s vision, mainly because of its flexibility, large safety factor and high output
power to weight ratio. These advantages fulfill the actuator requirements of present humanoid
robot and rehabilitation robot. PAM consists of inner rubber tube, outer woven mesh and joints
on the both sides. The hollow rubber hose is wrapped by woven mesh and the both ends are

sealed by joints. When PAM is filled with the compressed air, the muscle will expand in the



radial and contract in the axial. If there is a load, the muscle will create axial contractile force.
(Jizhuang et al. 2013).

Pneumatic muscle is a resilient and contractile pulling actuator controlled by gas
pressure. Since being first conceived (in the early 1930s) a considerable number of concepts of
fluidic muscle actuators have been developed and some examples are given in Figure 2.1
(Situm et al. 2015). There are two most common PAM that been used widely which are
McKibben PAM, FESTO Air Muscle and The Shadow Robot Company Air Muscle.

Figure 2.1: Various types of muscle actuators

2.1.1 McKibben Artificial Muscles

McKibben pneumatic artificial muscle (PAM) has a high strength-to-weight ratio and
good flexibility because of its mechanical properties. It consists of an internal rubber tube
surrounded by a mesh that is braided by inextensible threads. Both the ends of the two-layered
tube are sealed by caps to retain the cylindrical form, and one cap has a connecter to supply

compressed air. The inner tube increase in diameter when compressed air fill in, while the



length of the tube shortens due to the inextensible threads on braided mesh. When filling the
inner tube with compressed air, the diameter of the rubber tube increases and the length
shortens because of the inextensible threads. This is how the PAM generates a contraction
force. On the other hand, releasing the compressed air from the PAM allows the elasticity of

the rubber tube inside the PAM to return to its original shape (Urabe et al. 2015).

At reat
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Figure 2.2: Braided muscle, McKibben Muscle (Daerden and Lefeber, 2002)

Braided muscles are constitute of elastic tube with gas-tight or bladder surround by sleeving
(weave, braid, sleeve) as shown in Figure 2.2. The tube presses laterally against the sleeve
when it been pressurized, the inside pressure balanced by braid fiber tension due to fiber
curvature about the tube. The braid sleeve run helically about the muscle's length at an angle

0. Figure 2.1 shown the situation of PAMs when stretch, at rest and pressurized with air.

2.1.2 FESTO Air Muscle

FESTO Company has introduce new type of muscle recently. Its basic concept involves
the wrapping of a watertight, flexible hose with non-elastic fibers. This results in a three-
dimensional grid pattern, and when compressed air is introduced into the PAM, the grid pattern
is deformed. A pulling force is generated in the axial direction, resulting in a shortening of the
muscle as air pressure is increased (Wickramatunge, 2009). Figure 2.3 shown the FESTO air

muscle with various size.



Figure 2.3: FESTO air muscle (Deaconescu, 2009)

2.1.3 The Shadow Robot Company Air Muscle (30mm Air Muscle)

The 30mm Air Muscle is simple but strong actuator for generate pulling force. When
filled with compressed air, the original length contracted about 37%. According to The Shadow
Robot Company Ltd (2011) this muscle used to move a lever. One air muscle will pull the lever
towards first direction, and a spring act to return the muscle to its original point. Two artificial

muscles allow bidirectional motion of the lever, with significant force.

Figure 2.4: Dimensions of fully stretch muscle (The Shadow Robot Company Ltd, 2011)



These measurements as shown in Figure 2.4 are recorded when the muscle is fully elongate,

with 50N applied load and 0 bar gas pressure.

Figure 2.5: Dimensions of completely contracted air muscle (The Shadow Robot Company Ltd,
2011).

From figure above. The dimensions are taken when 50N load applied to the muscle and

pressurized to 3bar.

2.3  Concept and Operation of PAM

Daerden and Lefeber (2002) stated that PAM are contractile and linear motion
locomotives drived by pressure of air. Their central component is a flexible enhance membrane
attached at both ends to fixing along where the load transferred by mechanical power. As gas
is reduced from it and the membrane go inflated, it bump outward, respectively. Together with
this radial expansion or contraction, the membrane axially contracted and thereby pulling force
generated on the load.

Gas usually air, are the energy source for PAM which either forced into it or extracted
out. Usually, PAM operate at an overpressure, means that creating and providing compressed
air much simpler to achieve and with ambient pressure mostly at about 100kPa, compared to
under pressure, a lot energy energy can be carried by overpressure. Two basic experiments be
considered to see how this PAM functions which are PAM operation at constant pressure and

PAM operation at constant load.



For both cases, PAM is fixed at one end and the other side are hang with mass. Figure
2.6 shown the mass M is constant and the difference in pressure across the membrane of PAM,
the initial value at the gauge pressure is zero. At zero pressure, the volume by the membrane is
minimal, Vmin and the length maximal, Imax. When PAM is pressurized to some pressure pl,
it will start to expand and the pulling force are created at the same time. The mass will be lift
by the PAM until the generated force equal Mg. The membrane’s volume will extend to V1 and
its length contracted to 11. As we continue increasing the pressure p2, this process will
continued. From this experiment two light actuator behaviour rules can be conclude: (1) length
of PAM shortens by increase its volume, and (2) if compressed air pressure increased, muscle

will contract against constant load.

(a) (b) (e)

Figure 2.6: Constant load operation (Daerden and Lefeber, 2002)

For the operation in Figure 2.7, kept constant value p at the gauge pressure, while reducing the
mass load. For this operation, PAM will inflate and reduced in length. When the load is
removed completely, as shown in Figure 2.7 (c), the membrane expand goes to its complete
extent and the highest value in volume will reach Vmax, minimal length Imin, and pulling force

will drop to zero.
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