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Linear Oscillatory Actuator (LOA) is an electromechanical device that can produce
short linear stroke motion directly without the use of any mechanical transmission to
convert rotary motion into linear motion. Due to this simplicity, the benefits of LOA
over conventional actuator are simple structure, better dynamical performance, and
higher reliability. It has been extensively used in industry applications especially in

power generation, healthcare, factory automation, and household appliances.

Currently, most of the researches are only dealing with designing a slot type of LOA
with exact values of thrust, electrical time constant, and mechanical time constant.
Some of them studied the control strategy of an existing moving coil type of LOA.
But, none of them had disclosed information about the oscillation displacement
characteristics based on various sizes of LOA. Such information is useful for the
designer. It will provide solutions or guidelines about the thrust constant, spring
constant, electrical time constant, and mechanical time constant toward oscillation

displacement characteristics of LOA. The analysis of the parameters mentioned
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above definitely will help any researchers to know whether the LOA is suitable for
the specific application before design the optimized structure for fabrication.

Unfortunately, the information as mentioned above is not available to the designers.

This thesis describes the development and analysis on the effect of thrust constant,
spring constant, electrical time constant, and mechanical time constant to oscillation
displacement characteristic of slot-less linear oscillatory actuator. The analysis is
necessary to determine the variation and relationship of these constants to various
sizes of LOA. In this research, a prototype of slot-less linear oscillatory actuator is
designed using Finite Element Method (FEM). The prototype is fabricated and
measured experimentally. Moreover, analytical solution is developed for the same
prototype using Permeance Analysis Method (PAM). The two methods were verified
through comparison with measurement. The comparison shows the proposed
analytical solution using PAM had good agreement with both FEM and the

measurement.

As summary, the research found that the constants affect the oscillation displacement
to be higher but the thrust would become lower for small size of LOA. In contrary,
high thrust can be achieved for bigger size of LOA but the oscillation displacement
would become lower. Therefore, in order to design high thrust LOA the lower value
of electrical time constant and mechanical time constants should be selected.
Meanwhile, for both thrust constant and spring constant higher value should be
selected. For designing higher oscillation displacement of LOA, the lower value of
electrical time constant, thrust constant, and spring constant should be selected where

as for mechanical time constant higher value should be selected.
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Aktuator pengayun lelurus (LOA) ialah alat elektromekanikal yang menghasilkan
daya berjarak pendek lelurus tanpa menggunakan sebarang transmisi mekanikal
untuk menukarkan gerakan putaran kepada lelurus. Disebabkan oleh keringkasan,
kebaikan LOA mengatasi aktuator biasa ialah struktur yang ringkas, prestasi dinamik
yang lebih baik, dan kesesuaian yang tinggi. Ia telah digunakan secara meluas
sebagai aplikasi industri terutama penjanaan kuasa, kesihatan, automasi kilang, dan

peralatan rumabh.

Sejak akhir-akhir ini, kebanyakan penyelidik membincangkan tentang merekacipta
LOA berjenis slot dengan nilai pemalar daya, pemalar masa elektrik, dan pemalar
masa mekanikal yang tertentu. Sesetengah daripada mereka mengkaji strategi
kawalan pada LOA berjenis gegelung bergerak yang sedia ada. Tetapi, tiada satu pun
daripada mereka yang mendedahkan informasi tentang ciri-ciri jarak ulang alik
berdasarkan pelbagai saiz LOA. Informasi sebegini amat berguna untuk perekacipta.

Ia menyediakan penyelesaian atau petunjuk tentang pemalar daya, pemalar spring,



pemalar masa elektrik, dan pemalar masa mekanikal terhadap ciri-ciri jarak ulang
alik LOA. Analisis terhadap pemalar-pemalar yang dinyatakan di atas sememangnya
akan membantu penyelidik untuk mengenal pasti samada LOA sesuai untuk aplikasi
tertentu sebelum memulakan rekacipta struktur yang optimum untuk difabrikasikan.
Namun begitu, informasi seperti yang telah dinyatakan di atas tidak dapat diperolehi

oleh perekacipta.

Thesis ini adalah berkisar tentang analisis kesan pemalar daya, pemalar spring,
pemalar masa elektrik, dan pemalar masa mekanikal terhadap jarak ulang alik bagi
aktuator pengayun lelurus. Analisis ini diperlukan untuk menentukan variasi dan
hubungan pemalar-pemalar ini terhadap jarak ulang alik untuk pelbagai saiz LOA.
Dalam penyelidikan ini, sebuah prototaip aktuator pengayun lelurus tanpa slot
direkabentuk menggunakan Finite Element Method (FEM). Prototaip ini difabrikasi
dan diukur secara eksperimen. Seterusnya, penyelesaian analitikal terhadap prototaip
yang sama dibangunkan menggunakan Permeance Analysis Method (PAM). Kedua-
dua cara ini dibuktikan melalui perbandingan dengan pengukuran. Perbandingan ini
menunjukkan penyelesaian analitikal menggunakan PAM mempunyai persetujuan

yang baik dengan FEM dan pengukuran.

Sebagai ringkasannya, penyelidikan ini menemui pemalar-pemalar mempengaruhi
jarak ulang alik kepada lebih tinggi tetapi daya akan menjadi semakin kecil untuk
saiz LOA yang kecil. Sebaliknya, daya yang tinggi boleh diperolehi untuk saiz LOA
yang lebih besar tetapi jarak ulang alik akan menjadi semakin kecil. Oleh itu, untuk
merekabentuk LOA berdaya tinggi, pembolehubah bagi pemalar masa elektrik dan

pemalar masa mekanikal yang kecil perlu dipilih. Manakala, bagi pemalar daya dan
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pemalar spring pembolehubah bagi yang besar perlu dipilih. Untuk merekabentuk
LOA berjarak ulang alik yang besar, pemalar masa elektrik, pemalar daya, dan
pemalar spring yang kecil perlu dipilih manakala untuk pemalar masa mekanikal

pembolehubah yang besar pula perlu dipilih.
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above definitely will help any researchers to know whether the LOA is suitable for
the specific application before design the optimized structure for fabrication.

Unfortunately, the information as mentioned above is not available to the designers.

This thesis describes the development and analysis on the effect of thrust constant,
spring constant, electrical time constant, and mechanical time constant to oscillation
displacement characteristic of slot-less linear oscillatory actuator. The analysis is
necessary to determine the variation and relationship of these constants to various
sizes of LOA. In this research, a prototype of slot-less linear oscillatory actuator is
designed using Finite Element Method (FEM). The prototype is fabricated and
measured experimentally. Moreover, analytical solution is developed for the same
prototype using Permeance Analysis Method (PAM). The two methods were verified
through comparison with measurement. The comparison shows the proposed
analytical solution using PAM had good agreement with both FEM and the

measurement.

As summary, the research found that the constants affect the oscillation displacement
to be higher but the thrust would become lower for small size of LOA. In contrary,
high thrust can be achieved for bigger size of LOA but the oscillation displacement
would become lower. Therefore, in order to design high thrust LOA the lower value
of electrical time constant and mechanical time constants should be selected.
Meanwhile, for both thrust constant and spring constant higher value should be
selected. For designing higher oscillation displacement of LOA, the lower value of
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