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ABSTRACT 

The research was driven by the unavailability of an ArtificiaJ Wave Producer in the 

Underwater Research Lab in Faculty of Electrical Engineering (FKE) in Universiti 

Teknikal Malaysia Melaka (UTeM) besides with an increasing use of Remotely 

Operated Vehicle (ROV) in deep sea exploration and underwater tasks. The high cost 

and large scale of existing wave producer has been a problem as it is pricey and 

occupies large space in laboratory. The objectives of the research was to develop a low 

cost and smaJI scale Artificial Wave Producer and to evaluate its performance in terms 

of generated ~ave amplitude and wavelength. The method used in this research is by 

operating an osci llating plunger in a water tank of size 1 m x I m of length and width 

with O.Sm depth of water which is alrcad) available in the lab. :fhc concept of 

producing wave with the Artificial Wave Producer was by using the Scotch Yoke 
) 

mechanism to convert rotational motion to reciprocating motion and the performance 

of the Artificial Wave Producer were determined by the result of wave amplitude 

through changes df submerged plunger depth and result 6f wavelength from different 

plunger frequency where the wave amplitude produced by the triangular plunger is 

smaller than that of the half circular plunger even though with same submerged depth 

while the wavelength of both plunger shows the same exponential graph pattern 

against the plunger frequency axis. The comparison of theoreticaJ calculation and 

experimental results were conducted to determine the error of the Artificial Wave 

Producer and comparison of theoretical plunger velocity with generated wave velocit)' 

were found to be lower in experimental wave velocity which was due to friction loss 

in the Scotch Yoke mechanism. 
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ABSTRAK 

Penyelidikan ini didorong oleh ketiadaan Pengeluar Gelombang Buatan dalam 

Makmal Penyelidikan Bawah Air di Fakulti Kejuruteraan Elektrik (FKE) di Uni\'ersiti 

Teknikal Malaysia Melaka (UTeM) di sarnping peningkatan dalam penggunaao 

kcndalian kenderaan jauh (ROY) daJam penerokaan laut dalam dan tugas bawah air. 

Kos yang tinggi dan skala besar pengeluar gelombang sedia ada tel ah menjadi masalah 

kerana harga yang tinggi dan memerlukan ruang simpanan yang besar di makmal. 

Objcktif penyelidikan ini adalah untuk menghasilkan Pengeluar Gelombang Buatan 

kos rendah dan berskala kecil serta untuk menilai prestasi fungsinya dari scgi amplitud 

.... 
dan jarak antara gelombang yang dijana. Kaedah yang digunakan dalam penyelidikan 

ac 
u. 

ini adalah dengan mengendalil<:an ~locok berayun dalam tangki air sai7 2 m panjang 

dan I m Jebar bersama dengan kedalaman air sebanyak O.Sm \ang sedia a<la di 
I -

makmal. Konsep penjanaan gelombang air adalah berasaskan mekanisma '-Scotch 

Yoke" di mana penukaran dari tenaga putaran ke tenaga lincatand prcstasi Pengeluar 

Gelombang Buatan 1ni ditcntukan melalui penjanaan ketinggian amplitud gelombang 

dengan perubahan kedalaman pelocok ke dalam air yang didapati ketinggian 

gelombang adalah lebih kecil dengan pelocok segi tiga berbanding pelocok separa 

buJatan manakala eksperimen mengenai perubahan kepanjangan gclombang melalui 

perubahan frekuensi pelocok bagi kedua-dua pelocok mempunyai corak graf 

eksponen. Pcngiraan secara teori dibandingkan dengan keputusan ekperiment bagi 

mengenalpasti peratusan kepincangan Pengeluar Gelombang Buatan ini dengan 

bandingan halaju geldrnbang adalah lebih rendah daripada halaju pelocok yang 

disebabkan kehilangan tenaga daripada geseran mekanisma .. Scotch Yoke". 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Artificial Wave Producer is a system that generate water waves which 

resembles natural water waves by means of a wave maker system and it is important 

for underwater research. The first wave-making model was created by Phil Dexter 

back in 1966 [ I] as shown in Figure 1.1 and a first wave pool was opened by him in 

Big Surf Waterpark two years later. The operational mechanism reported from TIME 

Magazine on l Q1h October 1969 of Dexter's design in Big Surf Waterpark wave pool 

was by pumping millions of gallons of water into a reservoir made out of concrete 

using hydraulic pumps. Waves were created from releasing of water from the reservoir 

underwater gates [2]. The wave size was controlled by the volume of water released 

Figure 1.1 The first wave-making machine [ l] 
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The existence and further development of the first wave-making machine had 

led to commercial use especially in water theme park. On the other hand, experimental 

researchers mainly in coastal engineering conduct researches on water waves requires 

wave maker system and the mechanism varies depending on the system itself. The 

existence of the wave maker system is vital as it is not only for commercial use but 

also for the study of different type of water wave characteristics which could help in 

prediction at offshore such as tsunami warnings. 

1.2 Motivation 

The need of producing a controlled and small scaled artificial wave is vital for 

underwater research as it could help to save laboratory space and able to generate a 

similar to natural wave. The W1availability of a small scale Artificial Wave Producer 

in FKE Underwater Research Laboratory had driven the conduct of this research 

project. 

1.3 

The current existing wa"·e producer occupies large space and is high in cost 

which affect the affordability of purchasing and locating an artificial wave producer in 

the laboratory for research and study purposes. ~ ~ V >':} J 
.. 

1.4 Objectives IVERSITI TEKNIKAL MALAYSIA MELAKA 

Upon completion. this project will achieve the fo llowing objectives:-

1. To develop a low cost and small scale Artificial Wave Producer 

2. To evaluate the performance of the Artificial Wave Producer in terms of 

wavelength and ampl itude ,,,.;th value in between range of lcm to lrn for 

wavelength and wave amplitude of below 5cm respectively. 

1.5 Scope 

A list of focused segment fo r the project is as follow:-

Varying of PWM value of oscillating plunger 
13 



a. From 150 to 250 with an increment of 25 for every reading 

2. Varying the depth of water displaced by plunger 

a From 1.0 cm to 5.0 cm with an increment of 1.0 cm for every reading 

3. Plunger wave generator 

a Half circular plunger 

b. Triangular plunger 

UNIVERSITI TEKNIKAL MALAYSIA MELAKA 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Research Background 

Water waves are formed from disturbing force where the wave height is the 

vertical distance between the wave crest and the adjacent trough and wavelength is the 

horizontal distance between two successive crests (or troughs) [3] while the wave 

amplitude is the halved of the wave height The wave characteristics is shown in Figure 

2.1. 

1 

:'.; l·· .·· 1\ (\ (\ 
- ' I '." . . . f . -. 

j v \ / \ 
: ~J . 

I 
•';,:·,•• • JI, 

' 1 .'~ .: ( .' •••. 1.:..1 • 

Figure 2. l Wave characteristics [4] 

Water depth of less than 5% of the wavelength is defined as shallow water 

where the wave behavior is influenced by the waves interact with the bottom and depth 

between 5% and 50% of wavelength is considered to be intermediate waves while deep 

water is depth above 50% of water wavelength [5). (2.1) can be used to determine on 

wetherthe condition is deep where the .. d" is the water depth and "A." is the wavelength. 

d 
-> 0.5 
A. 

15 

(2.1) 



The wavelength can be calculated using (2.2) if the result from (2. l) is true. 

The .. T,, in (2.2) is the wave period. 

A.= 1.5672 (2.2) 

From wave period, the frequency of a wave can also be detennined by using 

(2.3) where ''f" is the wave frequency. 

(2.3) 

2.2 Type of Waveform 

Several type of waves were produced through various wave maker system 

which inc1ude regular. irregular, linear and circular. Progressive wave is the common 

type of wave generated as it depicts the motion of wave front through the medium. 

Progressing wave was produced by Horst Punzmann et al. with vertically oscillated 

plunger and the motion ortluid was observed using buoyant tracer particles that were 

dispersed all around the fluid surface [6]. A.research by Q_avid A.kn.in and Johannes 

Spinneken involved several wave ampfitud set with ihc alteration of displacelt\e t and 

force using piston type wave maker to generate regular waves [7]. Based on a study 

by P.C. de Mello et al.J generated regular a d irregular waves Wlfh the flap wave aker 

automation system that 'is controlled by PLC for comparison between theoretical and 

experimental transfer function of wave generation for the automation system 

performance validation [8]. •· 

._. JITI TEKNIKAL MALAYSIA MELAKA 

2.3 Type of Wave Maker 

Plunger type was used to produce regular and irregular waves in the research 

for the surface elevation measurement with and without the activation of absorption 

by YANG et al. [9) while a srudy research done by Ishmam et al. in "Construction of 

a Plunger Type Experimental Wave Tank for Validation Study'' uses vertically 

oscillated plunger for regular and irregular wave generation [9] in the research of wave 

absorbing beach. The variables of the research were the presence of wave absorbers 

on the effect of measured continuous waves. Piston, plunger and flap maker are the 

most general method cif producing waves as shown in Figure 2.2. Flap and piston 

16 



generate waves from bottom to top and are more suitable for deep water while plunger 

type generates water waves through top to bottom water surface contact. 

a) Flap (hinged)~ b) Piston type c) Plunger type 

Figure 2.2 Type of wave generators l6] 

2.4 Measuring Devices 
•I~ 

Ultrasonic probes were used by several researchers as a measuring method for 

wave height from the oscillating wedge according to a research by Leo M Jones [5j. 

Study [5] involved varying the frequency of oscillation to the wave amplitude and data 

were collected via MATLAB routine from voltage reacting of each probes. The 

research of rs1 to measure the distance between transducer and the water surface using 

ultrasonic wave height meter that operates via pulse-echo technique. The data from 

experimental rest.Ut yvere almost similar to the theory of wave flap response transfer 

function for phase and magnitude relation relative to varying frequency. 

In the .. Determination of a Plunger Type Wave Maker Characteristice in a 

To\.\ing Tank" by Sayed et al., resistive type of probes with transducer were used as 

a measuring method for wave height that converts into electrical signal [ 11]. The 

research also include the comparison of data acquisition system (DAS) with ruler and 

camera of 25 fps for characteristic curve of plunger type wave maker of Subsea 

Research and Development Center (SRDC) and the results of both method was found 

to be quite closed [11). Different types of probes for measurement whether through the 

changes of voltage output or duration for reflected ultrasonic wave receiver helps to 

obtain a more accurate: and reliable result for wave height and frequency but a more 

17 



conventional way of using ruler and camera could obtain almost similar wave height 

result. 

2.5 Wave Absor bers 

In [ 13 ], passive nylon beach was used as a wave absorber. The reflected energy 

must be absorbed by the same wave generator, whose movement is modified to cancel 

out the reflected waves called Active Wave Absorption System (AWAS) (14] was 

carried out by Altomare et al.. dissipative beach or horizontaJ sponge wall were used 

as passive wave absorber. TI1e Active Wave Absorber System (A WAS) was used by 

absorbing reflected energy by the same wave [14]. In the research of--Evaluation of a 

Source-Function Wave maker to Accurately Generate Random Directionally Spread 

Waves'' by Suanda et al. had observed monochromatic waves with sponge layers 

placed at the side to absorb waves llS]. Research (9] uses absorption algorithm to 

produce an opposite phase of equal amplitude to eliminate the re-reflected wave. Wave 

absorber is important in the desigrt for a better wave generation for significant 

disturbance of reflected waves as it helps to absorb remaining \\ave and prevent 

reflected wave that will affect the data-validity. 
~ 

6' 

2.6 Small Scale Wave Maker System 

.A 
.. 

Research [9) by lslunam et al.. in validation studies on plunger type 

experimental wave tank uses waveflume desi~ or size l .75m x 0.25m x O.Jm. The 

system operates with a plunger wedge controlled via Variable Frequency Drive (VFD). 

The VFD varies the motor input frequency in order to control the motor speed. Regular 

and irregular waves are able to be generated with the installed wave maker within a 

range of time period. The system uses gear to convert rotational motion of motor into 

a reciprocating motion of the actuator as shown in Figure 2.3. A study in research [6] 

uses a smaller wavetlume of size t .5m x 0.Sm x 0.08m using vertical oscillation of 

different plunger shape consisting of conical. cylindrical. triangular and square 

pyramidal. With plunger frame, the vertically oscillating plunger was attached to the 

electromagnetic shaker: on the table. Small scale wave maker system could be 

concluded to common use of plunger besides able to save laboratory space as it only 

requires small size of waveflume. 

18 



Figure 2.3 Wave maker mechanism [7] 

2.7 Large Scale Wave Maker System 

It is wideused of large scale wave maker system to produce artificial wave in 

the laboratory where the significance of the large scale is depicted with the use of large 

wavetlurne. The research in [8] by P.C. de Mello et al. uses basin of si7e l 4m x I 4m 

x 4m which uses wave maker system of hinged flap that con. isl of 148 actuators 

controlled using PLC as shown in Figure 2.4. The wave maker system consist of 

transmission system using ball-screw linear system and each hinged flap powered by 

a L HP servo-motor as depicted in Figure 2.5. Besides, each immersed flap is as large 

as 1.2 1 m for regular wave generation and could generate high wave amplitude as the 

flap is immersed deep into the basin. A 10.9m x 0.9m x l.2m of waveflurne was used 

in Naval Postgrduate School (NPS) with wave maker system of sized 0.6m in height 

and 0.9m wide using linear actuator for wedge motion control controlled by 

Modusystems Pulse/Dir controller as shown in Figure 2.6. From the wave maker 

system, the maximum stroke of linear actuator is 0.6096m with a maximum thrust of 

1779.JN [5]. With large basin, deep immersed flap and long stroke of wave maker. 

larger water wave amplitude can be produced but requires a bigger space in the 

laboratory for the system to operate. 
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Figure 2.6 80/20 T-slotted wedge made of aluminium [5] 

language than other controllers. The plunger to be used were triangular section and 

half circular wedge as it \Vill produce linear and circular waves respectively and both 

shapes were the mosl general shape as it Is easily deployed to make m:nplitude waves. 

The method of using image capturing was selected to capture the wave amplitude and 

wavelength of generated wave due to simplicity of retrieving the results through still 

image and frame by frame. A DC motor was selected controlled by Arduino Uno to 

drive the actuators. As overall. the Artificial Wave Producer were designed to be a 

small scaled wave maker system. 
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CRAPTERJ 

METHODOLOGY 

3.1 Introduction 

This chapter include the overview of the whole research on the method of 

conducting and obtaining the result in terms of experimental set-up and measuring 

method. The flow of the Artificial Wave Producer in sense of Block Diagram and 

flowchart were shown in this chapter. 

3.2 Artificial Wave Producer Block Diagram 

11 
The Artificial Wave Producer block diagram in Figure 3.1 shows the 

experimental study on generating water waves. A Pulse Width Modulation @>\\'M) 

will be set for reference to control the rotational speed of the DC motor as referred to 

Figure 3.2. The PWM set influenced:the frequency of plunger linear oscillation. The 

higher the microcontroller PWM set, the plunger will oscillate faster. As the plunger 

oscillates, the camera captures slow motion of wave generated and the feedback enable 

the user to dctennine whether the wave was desirably generated. v .. ,,,,,; 

NIVE N KAL MA A 

- Wave Properties Artificial Wave - -~ . Controller - Producer Wave 
Reference 

Figure 3.1 Artificial Wave Producer block diagram 

22 



CHAYfER J 

METHODOLOGY 

3.l Introduction 

This chapter include the overview of the whole research on the method of 

conducting and obtaining the result in terms of experimental set-up and measuring 

method. The now of the Artific ial Wave Producer in sense of Block Diagram and 

flowchart were shown in this chapter. 

3.2 Artificial Wave Producer Block D iagram 

The Artificial W~~c Producer block diagram m Figure 3.1 shows the ....,v 
experimental stud on generating water waves. A Pulse Width Modulation \PWM) 

will be set for reference to control the rotational speed of the DC motor as referred to 

Figure 3.2. The PWM set influenced the frequency of plunger linear oscillation. The 

higher the microcontroller PWM set, the plunger will oscillate faster. J\s the p lunger 

oscillates, the camera captures slow motion of wave generated and the feedback enable 

the user to determine whether the wave was desirably generated. . v .. ../ 

'JIVERS1 Ll KAL MA 
Wave Properties Artificial Wave . . Controller . Producer Wave 

Figure 3.1 Artificial Wave Producer block diagram 
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Sv 

Ov 

Figure 3.2 Pulse Widlh Modulation arduino control (16] 

.,,...., 
3.3 Artificial Wu·e Producer Schematic Diagi:am 

The flow of Artificial W~roducer is as depicted in Figure 3.3 for its 

schematic diagram where the PC is responsible for the wave properties where the input 

of PWM value were inserted into the Arduino software to send signal to the Artificial 

Wave Producer. The Artificial Wave Producer consist ot' the Arduino, motor driver 

and DC motor. The input from PC controls the speed of the actuator for the wave 

producer via Scotch Yoke mechanism. 

r------------------------------
1 Artificial Wave Producer : 

::I . I +---+ MotOI' --+ DC MotOI' - Scotch : 
Driver yoke I 

Mechanism J 

I 

Figure 3.3 Artificial Wave Producer schematic diagram 
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3.4 Artificial Wave Producer Flowchart 

The flowchart for the Artificial Wave Producer is shown in figure 3.4 and 

when the power supply is connected. the DC motor will rotate to oscillate the plunger 

after the initial stage of PWM input is done through the Arduino software. The plunger 

will continue to oscillate and the system will continue to generate wave until the power 

supply is removed. The power supply has to be removed first before every new PWM 

input is inserted. 

MICROCONTROLLER 
PWMSU 

/' .. . 
=t.,.... ~ ~- /' ANJ 

.. ... ~-· v .J .. -.. 
J>LUNGER 

OSOLLATES KAL MALAYSIA MELAKA 

Figure 3.4 Artificial Wave Producer flowchart 

3.5 Progress Sequence Flowchart 

The sequence flowchart for the whole research from the beginning of title study 

to the end of collecting data from hardware is as shown in Figure 3.5. 
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Figure 3.5 Progress sequence flowchart 

3.5.1 Title Study and Literature Review 

Based on Figure 3.5, a title study was the first step to get a general idea on the 

title given from books and websites followed by the literature review research to search 

for information for the method approach of similar title and concept. 
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3.5.2 Problem Statement and Objectives 

After literature review. the problem statement & objectives were identified 

because it is important to set the objectives of the research based on lhe problem for 

the existing system and also the availability of the system in FKE Underwater research 

lab. The scope of research were narrowed to the study of water wave amplitude and 

wavelength of generated wave. 

3.S.3 Methodology Planning and Feasibility 

Methodology planning stage was crucial to conduct plan for the whole research 

method for a proper procedure. The method planned were based on the formula for 

wavelength as in (2.2) and (2.3) by changing the PWM value of the oscillating plunger. 

On the other hand. the amplitude of water waves were to be generated from a constant 

PWM value of200 for both linear and circular waves. The depth of submerged plunger 

were altered by reducing the water in the tank until the desired depth by referring to 

the marked measurement on the tank. The retraction of actuators were to be made sure 

that it docs not rest on the water due 10 the buoyancy force that prevent the plunger 

from being an upright position and hence. every reciprocation of the system should be 

in contact with water during ex.1ension and above of water level during retraction of 

the actuators. ..- / \;: ......,..,.._.L' ~~----it""-"' .. ________ ~. ~. r-...W 
.. .. u .. .... ~·· v J .. .. 

3.5.4 Experimerttal Design rl TEKNIKAL MALAYSIA MELAKA 

The experiment was designed using Solidwork for the plunger which consist 

of two shapes which are half circular and triangular wedge shape as shown in Figure 

3.6 and Figure 3.7. The plunger were printed using 30 printing, as the material will be 

lighter and have more water resistance compared to other materials such as wood that 

will slightly absorb water. 

26 



t b_+ 
Figure 3.6 Half circular plunger 

Figure 3.7 Triangular plunger 

The individual parts for ~cotch Yoke mechanism were designed as shown in 

Figure 3.8, Figure 3.9 and Figure 3.10. 
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Figure 3.10 Rod 
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A Scotch Yoke mechanism was designed consisting of 3 parts which include 

of a circular disc, elliptical block and a rod where all parts were 3D-printed as shown 

in Figure 3.11. The circular disc was fixed onto the DC motor shaft which will rotate 

the disc and pushes the rod as it rotates that will then produce a reciprocating motion. 

3.5.5 Experimental Set~up 

The set-up of the research was based on the survey on the water tank to be used 

which was already a ailable at the Fl)E Underwater Research Lab. The water tank 

available in the lab has a size of length x width x depth is 2. lm x Im x lm while the 

water depth was fi lled at 0.5m deep. 

Table 3.1 shows the list of components used in the experimental setup of the 

Artificial Wave Producer. 
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Table 3-1 List of experimental setup components and its 
specifications 

Components 

Sealed Lead Acid 
Battery 

Alkaline battery 

DC Motor 

Motor Driver 

Microcontrollcr 

Specification 

Model 

Voltage 

Current 

Model 

Voltage 

Current 

Model 

Voltage 

: GPP 1212 

: 12V 

: l.2All 

: Energizer 

:9V 

: 450mAH 

: Cytron SPG30HP-30K 

: 12V 

Rated Load Torque : 1.4kgf.cm 

RPM : 380 

Model :'11~ : L298N 
( 

Drive Voltage t : SV - 35V 

Figure 3 .12 shov.rs ilie 2D front view of the tank with a transparent side in the 

middle while Figure 3.13 shows the experimental setup for the plunger. In Figure 3.13. 

the guided slot circled in red were added at the lop and bottom to keep the linear 

wooden actuato~ to reciprocate and prevent it from sliding sideways. Figure 3.14 

shows the position of the components which consist of a motor driver, Arduino and 

power supply of a l 2Y sealed lead acid battery and 9V alkaline battery. 
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Figure 3.12 Experiment 2D front view 

Figure 3.13 Experiment set-up 
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Figure 3.14 Component position 

The marking of measurement is sho,.,n in Figure 3.15 where two vertical lines 

were made with 20cm apart as a location guide for the wedge to be placed. The" rtical 

line would be a guide for the measurement of wave to be taken ''hen it reaches beyond 

the 20cm set distance from the wedge. The horizontal lines were individually marked 

with O.Scm difference as a guide for the wave amplitude measurement.--____, 

Figure 3.15 Measurement marking with thread 
I 
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Figure 3. 16 shows the hardware of Scotch Yoke mechanism for the Artificial 

Wave Producer. The block circled in red was added to the system to reduce the 

vibration of the circular disc that caused the whole system to vibrate during 

reciprocation which affects the smoothness of the reciprocating motion and plunger 

frequency. 

Figure 3 .16 Scotch Yoke mechanism 

The experiment were carried out by varying the PWM value from 150 to 250 

with 25 increment for every reading to obtain the wavelength while the depth of water 

displaced by plunger will also be varied from 1.0 cm to 5.0 cm with increment of 1.0 

cm for every reading to obtain the wave amplitude by a constant set PWM value of 

200. The experiment were repeated twice using a triangular wedge and a half circular 

shaped plunger for linear and circular waves. 
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3.5.6 Data Collection and Validation 

The wavelength and amplitude will be the main data to be collected in the data 

collection stage. Jn validation stage, the wave amplitude were measured using still 

image from slow motion feature of the lPhone SE camera of l 20fps similar to research 

[1 1] that used 30fps while the wavelength wi ll be calculated from the period of wave 

obtained through the slow motion video as similar to research [1 I] as well. 

The wave period can be calculated from determining the number of frames 

between 2 wave crests and divided by 120 which is the camera frame per second setting 

which is also the same method of calculating wave period in research [ 11] . The 

wavelength is then calculated using (2.2) and the value is valid if (2. l ) is true. 

The plunger frequency were also calculated from the slow motion video by 

dividing the number of strokes of plunger in 10 seconds. The plunger frequency will 

be plotted as the variable axis in wavelength versus plunger frequency graph. 

From the experimental results of plotted graph, linear equations were 

determined to identify the percentage' em?r of theoretical value with experip1ental 

value for the wave amplitude experiment. The percentage error were calculated using 

(3.1 ). 

[
Experimental - Theoretical] 
---------- x 100% 
,;_;;I Theoretical ~ 

.. 
• •• • (3. l ) 

.. ~./.Y;.J .. 
On the other hand, the reciprocating plunger velocity were calculated 

theoretically after the Scotch Yoke design to be compared with the generated wave 

velocity to determine whether the generated wave velocity does not exceed the speed 

of reciprocating plunger so that the wavelength results would be valid. In (3.2), ·-x" is 

the vertical displacement from the center of disc to the rod in the Scotch Yoke while 

.. r'' is the radius of the rod to the center of disc followed by "ro" as the angular velocity 

and '1" as the time. 

x - r sin wt 
(3.2) 

34 



The theoretical calculation of plunger speed were done from displacement of 

(3 .2) and whereby differentiating (3 .2) to get the velocity (3 .3) for the plunger. 

v - rw cos wt (3.3) 

Since rot is also equals to 0 and 0 is obtained using trigonometry from the 

Solidwork measurement and hence, (3.3) can be written as; 

v = rw cos e 
(3.4) 

v = L\. 
(3.5) 

The velocity was calculated based on the measurement from Solidwork as 

shown in Figure 3.17 to be compared with the wave velocity calculated using (3.5). 

The calculated plunger velocity were attached in Chapter 4. 

Figure 3.17 Measurement through Solidwork design 
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3.5. 7 Discussion and Conclusion 

'!be data from the graph ~ere analysed for its graph pattern and the percentage 

error of the experimental with theoretical value were compared in the result analysis 

stage while the conclusion stage would conclude whether the objectives were achieved 

besides summing up the relation between wavelength with plunger frequency value 

and wave amplitude with depth of water displaced by plunger. The results were divided 

into two sections of which wavelength and wave amplitude as the responding axis with 

plunger frequency and depth of submerged plunger as manipulated axis respectively. 

3.5.8 Research Variables 

The size of half circular and triangular plunger wedge are fixed for the research. 

In determining the wave amplitude generated by the Artificial Wave Producer, the 

PWM value wilJ be the controlled variable while the manipulated variable will be the 

depth of water displaced by plunger followed by the wave amplitude a the re ponding 

variable. 

On the other handr in detennining the wavelength. the PWM value or linear 

motor were manipulated to obtain the wavelength of wave produced from different 

PWM values. Hence, in this research, the wavelength and wave amplitude will be the 

responding variables with manipulated variable of PWM values and depth of water .. 
displaced by plunger respectively. 

.. 
-KNIKAL MALAYSIA MELAKA 

3.6 Performance Indicator 

There are two main performance indicator in this research which are the wave 

amplitude and wavelength of the water wave generated. The amplitude of wave is an 

indicator on whether the depth of water displaced has strong relationship with the wa\e 

amplitude in this Artificial Wave Producer model. Besides, the wavelength is also a 

performance indicator as to determine on whether the wavelength and plunger 

frequency has strong relationship in this Artificial Wave Producer model. 
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3.7 Measuring Method 

Measuring component was selected after reviewing several past researches on 

measuring wave amplitude and wavelength. An Iphone SE camera had been tested for 

its functionality to capture a moving water wave with slow motion setting of 120 fps 

with resolution of 1080p. The camera was placed perpendicularly to the transparent 

side with measurement markings of the tank as shown in Figure 3.18. The wave 

amplitude were determined from the extracted photo by still image from the slow 

motion video. The use of camera as a measuring tool was also used in research [ 11] 

for its comparison between Data Acquisition (DAS) of wave probes and camera. 

Figure 3 .18 Camera placement .. 
I 

3.8 Experimental Precautions 

Several precautions were taken into account in conducting the measurement 

which include errors from position of camera which is not perpendicularly facing the 

marked measurement and inaccurate measurement marking on the transparent side of 

the tank which lead to repetitive data collection to reduce the result error. 
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CHAPTER4 

RESULTS AND DISCUSSIONS 

4.1 Wave Pattern by Half Circular and Triangular Plunger 

Figure 4.1 shows wave pattern similar to linear waves by triangular plunger 

with slight curves due to the reflected wave from the side of the tank while Figure 4.2 

shows the wave pattern of circular waves produced by half circular plunger. The linear 

waves from the triangular plunger were in slight curved wave pattern were also due to 

the spreading of linear wave because the tank width was much wider than that of the 

triangular plunger. 

Figure 4.1 Wave pattern from triangular plunger 
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Figure 4.2 Wave pattern from half circular plunger 

4.2 Wave AmP.lirude on Differ~ot Depth of Submerged Plunger 

The data for triangular 
~ '--=--

highest wave amplitude of 0.8cm at 5.0cm submerged depth \\.'hile the lowest wave 
"'"1 

amplitude of 0.5cm at I .Ocm suomerged depth. The \.\ave amplitude at 1.0cm and 

2.0cm submerged depth has the same wave amplilude of0.5cm because the volume of 

water displaced were low which was 3.5cm3 and 14cm3 respectively compared to 

3 l .5cm3 of plunger submerged for 3.0cm submerged depth. The volume of water 

displaced were calculated from the submerged volume of the half circular plunger and 

triangular plunger. Besides, the marking of measurement bas smallest scale of division 

of 0.5cm and the wave amplitude produced at l .Ocm depth was slightly lower than 

0.5cm marking. Hence, the closest value to the wave amplitude which \Vas 0.5cm was 

selected as the data as shown in Figure 4.3. 
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Table 4-1 Wave amplitude on different depth of submerged triangular 
plunger 

Depth of Wave Amplitude (cm) 

Submerged 

Plunger Data 1 Data 2 Data 3 Data 4 Data5 Average 
(cm) 

5.0 0.5 0.5 1.0 1.0 1.0 0.8 

4.0 0.5 0.5 0.5 1.0 1.0 0.7 

3.0 0.5 0.5 0.5 0.5 1.0 0.6 

2.0 0.5 0.5 0.5 0.5 0.5 0.5 

1.0 0.5 0.5 0.5 0.5 0.5 0.5 

Figure 4.3 Camera capture of close to 0.5cm wave amplitude 

Table 4.2 shows the wave amplitude for half circular plunger with highest 

amplitude of 2.0cm at 5.0cm submerged depth and lowest of 1.3cm wave amplitude at 

l .Ocm submerged depth. The wave amplitude for half circular plunger were higher 

than that of triangular plunger because of higher submerged volume of the half circular 

plunger. The wave amplitude at 1.0cm depth of half circular plunger was almost 3 
I 

times than that of the amplitude of triangular plunger at 2.0cm depth which were l .3cm 

wave amplitude compared to 0.5cm wave amplitude. The displaced volume was also 
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approximately 3 times which were 56.55cm3 compared to 14cm3 respectively. The 

difference of wave amplitude for I .Ocm submerged depth of half circular and 

triangular plunger were shown in Figure 4.4 and Figure 4.5. 

Table 4-2 Wave amplitude on different depth of submerged half 
circular plunger 

Depth of 
Submerged 
Plunger (cm) 

5.0 

4.0 

3.0 

2.0 

1.0 

Wave Amplitude (cm) 

Data 1 Data 2 Data 3 Data4 Data 5 

2.0 2.0 2.0 2 .0 2.0 

1.5 2.0 2.0 2.0 2.0 

1.5 1.5 2.0 2.0 2.0 

1.0 1.5 l.5 1.5 1.5 

1.0 1.0 1.5 1.5 1.5 

Figure 4.4 Wave amplitude of half circular plunger at l.Ocm 
submerged depth 
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Figure 4.5 Wave amplitude of triangular plunger at l.Ocm submerged 
depth 

The data in Table 4.1 and Table 4.2 were plotted and a best fit line were drawn 

as shown in Figure 4.6. The linear line equation for both triangular and half circular 

plunger were determined to test the error with another experimental result by 

comparing the wave amplitude calculated from the equation. The equation for half 

circular plunger was determined to be as shown in ( 4.1) while for triangular &lunger 

was shown in (-l.2). 

(4.1) 
.Jiii' •• • 

• L ~ •• • 

~ ~~vY: 
•• (4.2) 

UNIVERSI I EKNIKAL MALAYSIA MELA ,.,,. 

The R-squared value was determined as well where the half circular R-squared 

value was 0.9304 and triangular R-squared value was 0.9412. Both R-squared values 

were close to 1 shows that the depth of submerged plunger has strong relation with the 

wave amplitude. As an overall view of the graph, the pattern of wave amplitude 

increases with the increase of depth of submerged plunger for both half circular and 

triangular plunger due to the increase of submerged volume of the plunger. 
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4.3 Comparison of Experimental and Tlieoretical Value for Wave Amplitude ,,,fJ 
~---

Table 4.3 shows the experimental data with the theoretical value calculated 

from the linear equation for triangular plunger of ( 4.2) that was obtained from the 

experimental graph in Figure 4.6. The percentage error was highest at 1.Scm depth 

wbjch shows 20.00% error due to the smallest scale of division for the measurement 

marking is insufficiently small and the wave produced is small where even small 

difference of experimental with theoretical value would result in big error difference. 

The percentage error exceeded l 0% for 2.Scm and l .Scm submerged depth was also 

due to the hardware design where the angle of submerged plunger were not taken into 

consideration whereby different angles will result in either no wave or wave amplitude 

that is too low to be measured by the marking measurement especially when the 

displaced plunger volume is very low. Besides, the volume of plunger displaced was 

too low as well which ~auses little to no wave amplitude produced. The flaw of the 

design also include on the actuators that were not stable due to vibration during 

reciprocation that also contribute into different submerged angles. An acceptable range 
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for produced wave amplitude would be an error of less than 10% whereby it is abo\e 

3.5cm submerged plunger depth to be within the acceptable percentage error as the 

experimental line graph converges to the theoretical line graph when wave amplitude 

and submerged plunger depth were higher. The data in Table 4.3 was plotted as shown 

in Figure 4.7. 

Table 4-3 Wave amplitude on different depth of submerged triangular 
plunger 

Depth of Wave Amplitude (cm) 
Submerged 
Plunger 
(cm) Data Data Data Data Data Experimental Theory Error 

1 2 3 4 5 Average (%) 

5.5 0.5 0.5 1.0 1.0 1.0 0.8 0.82 2.44 

4.5 0.5 0,5 0.5 1.0 1.0 0.7 0.74 5.41 

3.5 0.5 l.i 0.5 0.5 0:5 1.0 '-0.6 0.66- 1,9.09 
I 11 l 

2.5 0.5 0.5 1.r0.5_ 0.5 0.5 0.5 
I J,r;= l'·0.58 13.79 

c:--- I I 
1.5 0 

... _, 
0.5 0.5 0.5 0.5 1}-j i I l\ 'C 0.50 20.00 v;. 

\. .1 ·.1 - "' 
'Jo~ I ~ '_J ~ 

Figure 4. 7 shows the difference between the experimental and theoretical value 

where the experimental value gets closer to the theoretical value as the Clepth of 

submerged plunger increases because the measurement of wave amplitude could be 

recorded easier when the wave amplitude were higher. Hence, from the graph, the 

Artificial Wave Producer could produce wave pattern with triangular plunger similar 

to the theoretical values but with errors that could be avoided if the angle is taken into 

consideration and a deeper depth of plunger experiment were carried out as the 

experimental graph line converges close to the theoretical line as higher amplitude 

were produced. On the other hand, a more sensitive measurement could help into 

further reducing the error by providing a more accurate wave amplitude reading 

especially for small wave amplitude or by doing more repetitive data to reduce the 

error. 
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Figure 4.7 Comparison between experimental result and theoretical 
value.for triangular plunger 
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Table 4.4 shows the experimental data with the theoretical value calculated 

from the linear equation for half circular plunger of (4.1) that was obtained from the 

experimental graph in Figure 4.1. The percentage error was highest at l .5cm depth 

which shows 6.81 ~ etror but in comparison to the percentage error of triangular 

plunger, the half circular percentage error is much lower because of the volume of 

submerged half circular plunger is more significant than the triangular plunger that 

produces higher wave amplitude for easier measurement. The data in Table 4.4 was 

plotted as shown in Figure 4.8. 
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Depth 

Table 4-4 Wave amplitude on different depth of submerged half 
circular plunger 

of Wave Amplitude (cm) 
Submerged 
Plunger 
(cm) Data Data Data Data Data Experimental Theory 

1 2 3 4 5 Average 

5.5 2.0 2.0 2.0 2.5 2.5 2.2 2.155 

4.5 1.5 2.0 2.0 2.0 2.0 1.9 1.965 

3.5 l.O 1.5 2.0 2.0 2.0 l.7 1.775 

2.5 1.5 1.5 1.5 1.5 2.0 1.6 1.585 

1.5 1.0 1.0 1.5 1.5 1.5 1.3 1.395 

Error 
(%) 

2.09 

3.31 

4.23 

0.95 

6.81 

Figure 4.8 shows the difference between the experimental and theoretical value 

and the difference between the two values were found to be small. The slight error was 

due to the angle of submerged plunger similar to that of triangl!lar plunger where every 

reciprocatjon of the plunger would have different angle of contact due to the hardware 

design. As to compare percentage error for both plunger. the half circular plunger has 

lower error than the triangular plunger. The error could be reduced by using a tnore 

sensitive measurement method because the current measuring method cou]d only 

measure up to a O.Scm scaJe division. Other way of reducing the error would be by 

increasing the repetitive data collection for the wave amplitude to get a more accurate 

and smaller average measurement. L. I·~ I """" • 

46 



4.4 

25 

~ 2 
E 
u 
QI 

-g 1.5 

0 
0 

Wave Amplitude (cm) vs Depth of Submerged Circular 
Plunger (cm) 

-+-Expenmental 

Theoretical 

l 2 3 s 
Depth of Submerged Circular Plunger (cm) 

~p..l,A\' l..q 

tr:" :'II<: 
~ r ... 

Figure 4.8 Comparison between experimental result and theoretical 
value for half circular plunger 
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Table 4.5 shows the wavelength reading fo(half circular plunger while Table 

4.6 shows the reading for triangular plunger. From both tables, it can be seen that both 

wavelength reading Has the same exponential graph pattern as plotted in Figure 4.9 but 

the exponential graph for half circular plunger is steeper than the triangular plunger 

due to higher wavelength at 150 PWM value. In tenns of comparing the plunger 

frequency, the triangular plunger frequency is higher than the half circular plunger 

frequency even though the PWM value were set the same for both half circular and 

triangular plunger experiments because the half circular plunger weighs heavier than 

the triangular plunger. The heavier weight reduces the reciprocating motion at the 

Scotch Yoke mechanism as the motor requires more torque for every full rotation. 

Hence, this caused more captured frames between 2 crests for half circular plunger 

which directly increases the wave period and wavelength. The data for both tables 

were plotted as shown in Figure 4. 7. 

47 



PWM 

150 
175 
200 
225 
250 

PWM 

150 
175 
200 
225 
250 

Table 4-5 Wavelength with changes of plwiger frequency for half 
circular plunger 

Plunger No. of Frames Period. T (s) Wavelength 
Frequency between 2 (m) 
(Hz) crests 
J.50 91 0.7583 0.8970 
1.90 77 0.6417 0.6424 
2.10 54 0.4500 0.3159 
2.50 50 0.4 167 0.2709 
2.70 38 0.3 167 0.1565 

Table 4-6 Wavelength with changes of plwiger frequency for 
triangular plwiger 

Plunger No. of Frames Period, T (s) Wavelength 
Frequency (Ilz) between 2 (m) 

crests 

2.00 66 0.5500 0.4719 
2.10 lAYS1 56 0.4667 0.3398 
2.50 49 0.4083 0.2601 

18 0.3167 0.1 5~5 

3!l 0.2833 ' 0.1252 

Based on Figtre 4.9. it can beseen that 1Jotli triangular and half circular plunger 

produced exponential graph with a steeper exponential graph for half circular plunger. 

This was due to big difference for the first two wavelength for l .50Hz and 1. 90Hz 

which causes the graph to be steeper than that of the triangular plunger. This is because 

of the plunger frequency was low which produces longer wavelength from longer wave 

period which was contributed by the weight of the half circular plunger which is 

heavier than that of the triangular plunger. 
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From trigonometric calculation, the angle 0 is 47.28° and substituting the 

angular velocity of motor as 39 79 rad/s converted from 380 rpm. the velocity of 

plunger is l .215m/s. By using (3.5) the wave velocity calculation results are shown in 

Table 4.7. From Table 4.7. it can be deduced that all of the wave velocity is lower than 

the calculated theoretical plunger velocity and this shows that the experimental 

wavelength is valid because the loss of experimental wave velocity was due to several 

factors which include energy loss when converting from rotational to reciprocating 

motion. 

In comparison between the wave velocity by triangular plunger and circular 

plunger. the wave velocity were almost similar when the plunger frequency were the 

same which for instance at 200 PWM value of triangular plunger and 225 PWM value 

for half circular plunger which both were at 2.50Hz, had wave velocity of 0.6370 mis 
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and 0.650 J mis respectively. Hence, it can be concluded that the wave velocity for 

both linear and circular were almost similar when the plunger frequency were similar. 

Besides, the loss of energy was also due to friction of the Scotch Yoke 

mechanism and the friction in reciprocating linear wooden actuator towards the guided 

slot which could be reduced with firm attachment of the circular disc to the motor shaft 

and the linear actuators for both top and bottom has to be perfectly fit into the guided 

slot so that the conversion of rotational to linear motion is smooth when the vibration 

of the whole system is minimal. 

Table 4-7 Wave velocity with calculated theoretical plunger velocity 

PWM 

150 

175 

200 

225 

Wave Velocity (mis) 

Linear Circular 

0.8580 1.1829 

Theoretical 

Plunger Velocity 

(mis) 

250 .!,;) V> ~ 0.4419 0.4942 .. .. 
UNIVERSITI TEKNIKAL ..,ALAYS A MELAKA 
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CHAPTER S 

CONCLUSION A'\JD RECOMMENDATIONS 

5.1 Conclusion 

The Artificial Wave Producer was able to generate wave patterns of linear and 

circular with the use of triangular and half circular shaped plunger. The graph pattern 

for wave amplitude shows that the Artificial Wave Producer could generate wave with 

increasing wave amplitude along with the increase of the depth of submerged plunger 

for both triangular and half circular plunger but the half circular plunger produces 

higher wave amplitude due to its larger design. From the comparison of experimental 

and theoretical values, it can be concluded that the Artificial Wave Producer was able 

to produce wave with a certain error that is close to the theoretical graph of wave 

amplitude versus depth of submerged plunger \\.'ith higher ace ptance when the depth 

of submerged plunger increases. On the other hand, the wavelength of the generated 

waves by both half circular and triangular plunger has the simi tar exponentia,.J graph 

pattern influenced by the plunger frequency. Lastly, the wavelength results were 

supported with the theoretical plunger velocity comparison to the generated wave 

velocity through experiment because the wavelength results would not be valid if the 

wave velocity exceeds the theoretical plunger velocity: T~ A t:. At\A 

5.2 Recommendation 

There are couple of loop holes for improvements where the main improvement 

could be done on the hardware design itself by using a tougher and more stable material 

for the I inear actuator and Scotch Yoke mechanism to prevent energy loss from 

vibration during reciprocation while the smoothness of motion conversion in the 

Scotch Yoke mechanism can be further improved by selecting a lesser friction material 

such as a smooth wood coated with waterproof paint to prevent water absorption. 

Besides. the measuring method can be further improved with a smaller scale of 

division or by using a more sensitive and accurate method such as wave probes that 

could help to obtain a more accurate data. Apart from that~ designing the plunger that 
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is wide enough to fit in a customised wave flume could help to reduce linear \\aves 

from dispersing into a curved-like circular waves. Moreover: in demand of producing 

a smoother circular waves, a conical shaped of plunger can be used to prevent water 

splashes produced by nat and even half circular surface of plunger. The last but not 

least, in desire to produce higher wave amplitude. the design of plunger should be in 

larger volume so that it could displace more water when submerged and the level of 

submerged depth can be added onto the actuator itself with accurate marking so that 

the plunger can be fixed onto different levels of measurement to be submerged into the 

water. 

.. 
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APPENDICES 

APPENDIX A RESEARCH GANTT CHART 

FVP 1 

fYP2 
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APPENDIX B ARDUINO CODINGS 

0 DC.test I Arduino 1.8.5 

File Edit Sketch Tools Help 

t Inl - ?; 
int In2 = 8; 
int ENA = 5; 
.int SPEED : 200 

void setup() 
( 

p1n.~v (In1, -tJTPO'i); 
p.uiMo ~ ( In2, C'l:JTP:.rr l ; 
p.l.nMC - (ENA, 1THJT); 

C1io1ta1Wrice (Inl, ll ~ •tl; 
dl.QltalWri:e (In2,~ ,); 

analogWrlte (E.'IA,SPEED); 

void l oop () [!] 
I I put your ~in code ·•· 

iv-." 
11 ~ 

..':; 
r 
UJ .... 

~ ~ / / .. . . .. . 
'\ \..4 ~· •• ~ ) ";')_. . =t..rJ ' ~- /' .Y':' J 

... ... ....., .. .. ~·· v .,. .. 
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APPENDIX C HALF CIRCULAR PLUNGER 
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APPENDIX D TRIANGULAR PLUNGER 

''" ~ c . c . .. . . .;:.J \..4 ~· •• ~ ) ";')_. • =t..rJ -~- /' .Y':' J 
... ... ....., .. .. ~·· v .,. .. 
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