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RINGKASAN : Aktuator pengayun linear (LOA) ada/ah sa/ah satu jenis motor linear. la 
menghasilkan gerakan ayunan linear tanpa menggunakan peralatan seperti 'gear; skru 
dan tali sawat yang akan mengurangkan kecekapan motor. la boleh diaplikasikan kepada 
pelbagai jenis aplikasi industri seperti mesin yang memerlukan gerakan berulang dan mesin 
penggetar. Di dalam kertas kerja ini, LOA jenis slot dengan ciri-ciri prestasi yang optimum 
telah direkabentuk dan dibangunkan. Cin~ciri prestasi yang telah digunakan untuk menilai 
prestasi LOA adalah daya tujahan maksimum, daya 'cogging' dan daya normal. Ciri-ciri 
prestasi ini diperolehi dengan pe/bagai kombinasi 'taper parameter~ Taper parameter'yang 
digunakan adalah tinggi 'taper' (h,) dan panjang 'taper'(~). Hasilnya, LOA le/ah berjaya 
direkabentuk dan dibangunkan menggunakan 'taper parameter' yang telah dipi/ih dengan 
mengambil kira nilai ciri-ciri prestasi yang optimum. LOA yang dibina mempunyai nilai tinggi 
'taper' (h,) 1.0 mm dan panjang 'taper'(!,) 1.5 mm. Dengan menggunakan kombinasi nilai 
'taper parameter' yang tersebut, LOA menghas,lkan nilai daya tujahan maksimum 160 N, 
daya 'cogging' 10 N dan daya normal 502 N. 

ABSTRACT : Linear oscillatory actuator is a type of linear motor. It gives oscillatory linear 
motion without intermediate parts like gear, belt and screw that tend to decrease the motor 
efficiency. It can be applied to various types of industrial application especially for rapid 
movement and shaker machine application. In this paper, slot type of LOA with optimum 
performance characteristics has been designed and developed. The performance 
characteristics which have been used to evaluate the LOA performance are maximum thrust, 
cogging force and normal force. These values were obtained using arrangement of various 
taper parameters. The taper parameters used are height of taper (ht) and length of taper 
gap ({). As a result, the LOA has been designed and fabricated using the chosen taper 
parameters with optimum performance. These parameters include the height of taper (ht) of 
1.0 mm and length of taper gap (It) of 1.5 mm. With the combination of values of the taper 
parameter, the LOA produces maximum thrust of 160 N, cogging force of 10 N and normal 
force of 502 N. 
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INTRODUCTION 

Linear motor is used to produce linear motion without intermediate mechanical parts like gears, 

belts and screws. These intermediate mechanical parts have a tendency to produce mechanical 

losses. Absence of intermediate mechanical parts will allow the linear motor to operate at high 

efficiency and less maintenance (Norhisam et al., 2006). Linear oscillatory actuator (abbreviated 

as LOA) is an example of a linear motor type. It is an actuator where a mover performs a 

reciprocating motion in a range of strokes as a result of being driven by a current having a 

sinusoidal or pulse wave form (Ki et al., 2005). The LOA can be used in various industrial 

applications, for example rapid movement, shaker machine and toggle type clamping 

mechanisms (Inaba et al., 1999). In this paper, the LOA is used as a pruner. Value of maximum 

thrust, F, maximum cogging force, r.;and maximum normal force, ~. are used to evaluate the 

performance of LOA. In order to achieve high performance of the LOA, it should have a high 

value of maximum thrust and low value of cogging and normal force. The desired performance 

characteristic is achieved by adjusting the value of taper parameter. The taper parameters 

used are height of the taper (h,) and length of the taper gap (t,) . 

BASIC PRINCIPLE OF LOA 

Basic construction of LOA 

The structure of LOA is shown in Figure 1. It consists of a stator and a mover. The stator part 

is composed of stator yoke and coils. The coils are embedded inside the stator yoke. The coils 

are used to provide the external magnetic fields that will generate the attracting and repulsive 

forces (Norhisam et al., 2006). The permanent magnets are combined with the moving yoke 

and together it is attached to the shaft to construct the mover part. The magnetization of the 

permanent magnet is in the stroke direction. This type of LOA is called the slot type LOA and 

comprises a magnetic circuit that can provide a high value of thrust. 

Figure 1. Basic structure of LOA 
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Basic operation of LOA. 

Design of Linear Oscillatory Actuator for High Thrust 
Characteristics by adjusting the laper Parameters 

The thrust F, slot type of LOA is given by equation (1) (Norhisam et al., 2006); 

(1) 

where Bis the magnetic flux density in gap (T), µ 0 is the space permeability (H/m), xis the 
displacement in mm and A is the operating area of the thrust (m2). 

The permanent magnets are placed facing the same poles so that the flux density in the air 
gap will be doubled. The LOA coils were supplied with positive value of current to induce 
North (N) and South (S) poles as shown in Figure 2(a). The shaft with the moving yoke will 
shift to the left side due to the attraction force between different poles and the repulsive force 
between similar poles of the moving yoke with the coils. When the coils were supplied with 
negative value of current, a reverse condition occurs. The shaft with the moving yoke will shift 
to the left side due to the repulsive force and the attraction force of the moving yoke with the 
coils occur (Norhisam et al., 2006). 

-- Attractive force 
-- Repulsive force 

( a) Left moving direction 

(b) Right moving direction 

Figure 2. Movement of moving shah 
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DESIGN OF LOA FOR HIGH THRUST PERFORMANCE 

Design condition 

The LOA was designed using FEM software. By using FEM software, the value of thrust, 

cogging and normal force of LOA can be calculated. FEM software uses basic concept of 

potential vector calculation. It will manipulate the potential vector to obtain the value of force. 

The FEM software uses equation (2) to calculate the value of force. 

B 2 1 2 
F = fs(--JA + jw-aA )dS 

2µ 2 
(2) 

The performance of LOA has been evaluated using maximum value of thrust, cogging force, 

and normal force. To ensure the LOA has a high value of maximum thrust and low value of 

maximum cogging and normal force, the ratio of maximum thrust to maximum cogging thrust 

and the ratio of maximum thrust to maximum normal force were used. Thrust, Fis a force of 

LOA when current is supplied to the LOA due to interaction between magnetic field produced 

by permanent magnet and coils. Normal force, ~ is a force of LOA that is perpendicular with 

direction of the thrust. Cogging force, 0; is a force produced between permanent magnet and 

stator yoke of LOA when there is no current supplied to the LOA. The ratio of the maximum 

thrust to the maximum cogging force is calculated by dividing the maximum value for thrust 

and the maximum value for cogging force. The ratio of the maximum thrust to the maximum 

normal force was obtained by dividing the maximum value of thrust and the maximum value 

for normal force. 

Table 1 shows the targeted value of performance characteristics. The maximum value of 

thrust for this LOA is set higher than 170 N. The maximum value of cogging force is set lower 

than 15 N. For the maximum normal force value, it is targeted to produce a value lower than 

550 N. The ratio of the maximum thrust to the maximum cogging force was used to make sure 

that the LOA has high thrust and lower value of cogging force. It is set to have a value higher 

than 12. For the ratio of the maximum thrust to the maximum normal force, the value is set to 

be higher than 0.31. This is to ensure that the LOA has a high value of thrust and lower value 

of normal force. The external size for this LOA has been set constant at 120 mm x 0 49 mm. 

Table 1. Designed condition for LOA 

Item Value 

Max. Thrust > 170 N 
Max. Cogging Force <15 N 
Max. Normal Force <550 N 
Thrust/Cogging Force > 12 
Thrust/Normal Force > 0.31 
External size 120 mm x 0 49 mm 

16 



Design parameter 

Design of Linear Oscillatoty Actuator for High Thrust 
Characteristics by adjusting the Taper Parameters 

The design parameter used is taper parameters which are the value of the height of the taper 
(h,) and length of the taper gap (!,). Thus, in order to satisfy the design condition, the value of 
the height of the taper (h,) and the length of the taper gap(!,) have been adjusted between 0.5 
mm - 3.0 mm for the height of the taper (h) and 0.5 mm - 4.0 mm for the length of the taper 

gap (!,). This is done to obtain the pair of height of the taper (h) and the length of the taper gap 

(!,) values that produce high value of thrust and lowest cogging thrust. The design procedure 
for the LOA to obtain high performance characteristics is shown in Figure 3. Figure 4 shows 

the position of the height of the taper (h,), the length of the taper gap(!,) and also the dimension 
of the LOA structure. 

Start 

Set ht = 0.5mm 

Set /1 = 0.5mm 

Calculate F, Fe and FN 

No 

htr,-,J = ht+ 0.5mm 

Figure 3. Design procedure of LOA 

Evaluation of force· characteristics 

In order to choose the value of the taper parameter, the performance characteristics need to 

be evaluated at all possible combinations of the height of the taper (h,) and the length of the 

taper gap (!,) value. The performance characteristics used are maximum thrust, maximum 
cogging force, maximum normal force, ratio of maximum thrust to maximum cogging force 
and ratio of maximum thrust to maximum normal force. Each taper parameter value produces 
different value of performance characteristics. 
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Figure 4. Design parameters and structure dimensions of LOA (unit in mm). 

Figure 5 shows the example of performance characteristics at h,= 1.5 mm, I,= 0.5 mm and h, 
= 1.5 mm, I,= 3.0 mm. It shows that for h,= 1.5 mm, I,= 0.5 mm, the maximum thrust is 136 N, 

the maximum cogging force is 3 N, the maximum normal force is 510 N, the ratio of maximum 

thrust and maximum cogging force is 45.3 and the ratio of maximum thrust and maximum 

normal force is 0.27. Meanwhile, when h,= 1.5 mm, I,= 3.0 mm, the maximum thrust is 180 N, 

the maximum cogging force is 22 N, the maximum normal force is 510 N, the ratio of maximum 

thrust and maximum cogging force is 8.18 and the ratio of maximum trust and maximum 

normal force is 0.36. 

All performance characteristics values need to be acquired at all possible taper parameters. 

Resultant performance characteristics values are plotted in Figure 6. In order to evaluate the 

performance of LOA at each value of the taper parameters, only the maximum value for each 

value of the performance characteristics will be considered. The shape of the performance 

characteristics is disregarded since it depends on the value of the cogging force. Lower value 

of cogging force will produce better shape of performance characteristics. 

Figure 5. Value of each force type at two different values of design parameters 
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CHARACTERISTICS OF EVALUATED DESIGN 

Thrust characteristics of LOA 

Design parameters used in this paper are the value of the height of taper (h,) and the length of 
the taper gap (!,). The performance characteristics at all possible values of design parameters 
are acquired and plotted. Figure 6 shows the performance characteristics at various values of 
the height of taper (h,) and the length of the taper gap (t,). The design conditions that have 
been targeted before are shaded in the graph series. 

Figure 6(a) shows the effect of the height of the taper (h,) and the length of the taper gap (!,) 
to the maximum thrust value. The shaded area is the value of the targeted thrust which is 
higher than 170 N. It shows that higher value of the height of taper (h,) and the length of the 
taper gap (I,) leads to higher value of the thrust obtained. For example, for h, = 1.0 mm, the 
maximum thrust when I,= 0.5 mm is 121.90 N and the maximum thrust when I,= 3.0 mm is 
169.19 N. For I,= 0.5 mm, the maximum thrust when h,= 0.5 mm is 122.43 N and the maximum 
thrust when h,= 4.0 mm is 148.63 N. The range of values that can be used to achieve the 
design condition is 0.5 mm - 4.0 mm for the height of taper (h) whilst for the length of the taper 
gap (I,) is 1.5 mm - 3.0 mm. 

The effect of the height of taper (h,) and the length of taper gap (!,) to the cogging force 
characteristic is shown in Figure 6(b). The shaded area is the value of the targeted cogging 
force which is lower than 15 N. It shows that the value of the height of taper (h,) does not affect 
the cogging force value. Meanwhile, if higher value of the length of the taper gap (!,) is used, 
higher value of cogging force will be obtained. For example, for h, = 1.0 mm, the maximum 
cogging force when I,= 0.5 mm is 3.68 N and the maximum cogging force when I,= 3.0 mm is 
in the region of 19.08 N. For I,= 0.5 mm, regardless of the value of h,, the maximum cogging 
force is in the region below 8 N. The range of values that can be used to achieve the design 
condition for the height of taper (h,) is 0.5 mm - 4.0 mm whilst for the length of the taper gap 
(!) is 0.5 mm - 1.5 mm. 

To evaluate the effect of the height of taper (h1) and the length of the taper gap (!,) to the 
normal force, Figure 6(c) was plotted. The shaded area is the value of the targeted normal 
force which is lower than 550 N. It shows that the value of the height of taper (h,) and the 
length of the taper gap (I,) are proportional to the normal force value. For example, for h,= 1.0 
mm, the maximum normal force when I,= 0.5 mm is 401.47 N and the maximum normal force 
when I,= 3.0 mm is 511.92 N. For I,= 0.5 mm, the maximum normal force when h,= 0.5 mm is 
410.54 N and the maximum normal force when h,= 4.0 mm is 484.27 N. The range of values 
that can be used to achieve the design condition for the height of taper (h,) is 0.5 mm - 4.0 mm 
if the range of value of the length of the taper gap (I,) is 0.5 mm - 1.0 mm. However, if the 
range for the height of taper (h,) is between 0.5 mm - 1.5 mm, the range for the length of the 
taper gap (!,) is 0.5 mm - 4.0 mm. 

19 



M. Norhisam, Alias K., F. Azhar, R.N Firdaus, S.M. Bash~ 
N. Mariun, Abdul Razak J. 

The effect of the height of taper (h,) and the length of the taper gap(!,) to the thrust/cogging 

force characteristic is shown in Figure 6(d). The shaded area is the value of the targeted 

thrust/cogging force which is higher than 16 to ensure that the LOA will produce high value 

of thrust and lower value of cogging force. It shows that the value of the height of the taper 

(h,) does not affect the ratio between the thrust and the cogging force value. Meanwhile, if 

higher value of the length of the taper gap (!,) is used, higher value of ratio between the 

thrust and the cogging force will be obtained. For example, for h,= 1.0 mm, the ratio of the 

maximum thrust and the maximum cogging force when I,= 0.5 mm is 33.13 and the ratio of 

the maximum thrust and the maximum cogging force when I,= 3.0 mm is 8.86. For I,= 0.5 

mm, the ratio of the maximum thrust and the maximum cogging force is in the region below 

16 regardless of the value of hr It shows that the range of values that can be used to 

achieve the design condition for the height of taper (h,) is 0.5 mm - 4.0 mm while for the 

length of the taper gap (!,) is 0.5 mm - 2.0 mm. 

Figure 6(e) is used to observe the effect of the height of taper (h,) and the length of the taper 

gap (!,) to the thrust /normal force characteristic. The shaded area is the value of the targeted 

thrust/normal force which is higher than 0.32. It shows that the range of values that can be 

used to achieve the design condition for the height of taper (h,) is 0.5 mm - 1.0 mm while the 

length of the taper gap (!,) is 1.0 mm - 3.0 mm. 

Based on the series of graphs shown in Figure 6, the best value of design parameter has 

been chosen. As shown in Figure 6(f), all shaded areas in Figures 6(a)-(e) are merged in a 

graph. The area that meets all the design conditions was defined and marked as shown in 

Figure 6(f). The design parameter chosen was 1.0 mm for the height of the taper value (h,) 

and 1.5 mm for the length of the taper gap value (!,) as it satisfies all design conditions. The 

LOA was developed using the above mentioned design parameter which satisfies all design 

conditions. 

Comparison between simulated and measured results 

The LOA has been constructed using chosen design parameters as shown in Figure 7. Thrust 

characteristics experiments were carried out on the LOA. The thrust characteristic experiment 

was done between the range of 1 O V to 70 V of supply voltage. The maximum force produced 

by the LOA is about 150 Nat a supply voltage of 70 V or at 700 ampere-turns. The comparison 

between simulation and experiment results at the same value of Electro-magneto motive 

force (NI) was also done. The graph for the thrust characteristics is shown in Figure 8. From 

this graph, the peak thrust as per simulation was 160 N as opposed to 140 N in the experimental 

results. A difference of 12.5 % was obtained between the peak thrust of the calculated and the 

measured data. 
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(a) Stator yoke and coil of LOA (b) Assembled LOA 

Figure 7. Developed LOA 
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Figure 8. Thrust charactedstics for LOA 

CONCLUSION 

The LOA was designed and simulated using FEM software. The design condition and design 

parameter for this LOA was discussed. The design parameter was 1.0 rrim for the height of 

the taper value (h) and 1.5 mm for the length of the taper gap value (~). These design 

parameters were chosen after it fulfilled all the design conditions. The step used to determine 

the best combination of the design parameter was also explained. As a result, the high thrust 

performance with low cogging force at targeted external of LOA has been successfully 
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developed. From simulation result, the peak thrust obtained was 160 N whilst from the 
experimental result, the peak thrust was 140 N. A difference of 12.5 % was recorded between 
the peak thrust of calculated and measured data. It also shows that a higher value of voltage 
supplied gives a higher value of thrust. 
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