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ABSTRACT – This paper presents the static torque 

profile of Switched Reluctance Actuator (SRA) based 

on different rotor’s position. The analysis was done by 

using Finite Element Method (FEM) through 

computational software. In order to achieve high torque 

value, the developed design of SRA was according to 

the optimized parameter. The excitation current was 

varied from 0 to 2A at Phase A only. The rotor has a 

tendency to rotate towards specific direction depends on 

it’s initial position. The FEM result shows that the 

maximum positive and negative torque achieve were 

122.54 mNm and -111.69 mNm respectively which 

represents the direction rotation.   

 

1. INTRODUCTION 

Actuator is a type of motor that is responsible for 

moving in linear or rotary. It is operated by various type 

of sources such as electric current, hydraulic fluid or 

pneumatic pressure. Most of the recent research work 

have been focused on the electromagnetic actuator that 

is adopted rare earth permanent magnet material [1], [2]. 

Unfortunately, permanent magnet has several drawbacks 

such as high cost and non-environmental friendly. 

Switched Reluctance Actuator (SRA) is one of the 

candidates for rotary electromagnetic actuators which 

comparable with Permanent Magnet machines. SRA has 

several advantages such as simple structure, low cost, 

compact and maintenance free  [3]. It has the potential 

to generate high torque and positioning accuracy based 

on the design [4]. It is usually employed in precision 

applications like Pick-and-Place (P&P). However, there 

are few problems in SRA such as; (a) low torque for its 

volume; (b) low efficiency; (c) noise, vibration and 

torque ripple.   

Previous research work conducted by Piyush et al. 

[5] has presented the static torque profiles for a given 

design. The test was made at specific single phase to 

study its characteristic. Therefore, this paper will 

analyze the optimized design of SRA on static torque 

profile by considering the position of the rotor. It is 

important to determine the relationship of static torque 

and rotor’s position towards the direction of rotation.   

 

2. METHODOLOGY 

The torque characteristic is a function of 

excitation current and the rotor position. Since the 

simulation was done without regards to continuous 

rotation, the result was represented static torque of the 

actuator. Maxwell 3D software is used to design and 

analyze the electromagnetic actuator which applied 

finite element analysis. This is a high-performance 

software which uses finite element analysis. The 

parameter used to develop the actuator is as shown in 

Table 1. These parameters have gone through 

optimization process accordingly to achieve high torque 

value.  

Figure 1 shows the geometry design of the SR 

actuator. The actuator was designed with stator to rotor, 

S:R pole ratio=6:4 using the material of Low Carbon 

steel (Steel 1008). The SR actuator is operated with the 

3-phase system. However, in order to analyze the torque 

profile of single phase, the current was excite at Phase A 

only with 0 to 2A at an interval of 0.5A.  The simulation 

was done by rotating the rotor 80° anticlockwise. Figure 

2 illustrate the rotor travelling from unaligned position 

(0°) between rotor and stator to unaligned position 

passing the stator’s pole (80°). The resulted torques for 

each interval of 2° are recorded.   

 

Table 1 Labelling and dimension of SR actuator  

Labelling Dimension 

Phase A  Stator outer diameter, Do 60 mm 

Phase B  Stator inner diameter, Di 31.8 mm 

Phase C  Rotor diameter, Dir 31.6 mm 

Stator  Stator and rotor height, H 36 mm 

Rotor  Air gap thickness, G 0.2 mm 

  Winding number 60 Turn 

  
Stator : Rotor arc angle, 

βs:βr   
29° : 40° 

  S : R pole ratio 6 : 4 

 

 
Figure 1 Geometry design of S:R=6:4 pole ratio 

configuration (a) top and (b) side view 
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Figure 2 Rotor position for Phase A with single 

excitation current 2A (a) initial, 0° and (b) final, 80° 

 

3. RESULT AND DISCUSSION 

SR actuator operation principle is due to the 

tendency of the magnetic flux to have low reluctance 

pathway. Air is one of the medium that has high 

reluctance compare to Low Carbon steel that has much 

lower reluctance. If the position of the rotor’s pole is 

away from the stator’s pole (unaligned position), the 

magnetic flux has to cross the large air gap which will 

result in low torque. Thus, the position of the rotor will 

be a crucial part on determining the value and polarity 

of torque.   

Varying the position of the rotor resulted in 

different static torque value. Since torque has a sense of 

motion’s direction, it will shift from positive torque to 

negative torque according to the assigned position. 

Based on Figure 3, the first 34° of rotation generated 

only positive static torque. This is due to the tendency of 

the rotor to move anticlockwise base on the given 

torque. As it travels further, the resulted torque began 

shifting to a negative value. At this position, the rotor 

tends to move clockwise.   

 
Figure 3 Static torque profile of designed SRA 

 

The highest positive torque with 2A excitation 

current was achieved at position 18° with a value of 

torque 122.54 mNm. Meanwhile, the highest negative 

torque is -111.69 mNm at position 68°. Both positive 

and negative torque have 13° and 14° overlapping 

position which is approximately identical. Thus, the 

torque value also almost equivalent but in different 

polarity. This position neither high reluctance nor 

saturated. It has enough space for enabling accumulate 

magnetic flux to flow and generate high torque.  

As it rotates further, the generate torque is reduced. 

Saturation level is reached when the rotor and stator 

pole is aligned. The magnetic flux is effortlessly passed 

through both poles. However, there are still a small 

amount of generated torque exist during the saturation 

level. This is because the particular position assigned 

was not fully centered. It does have slightly deviated.  

 

4. CONCLUSIONS 

As a conclusion, torque production by the SR 

actuator is based on the change of reluctance with 

respect to the position of the rotor. When the rotor 

approaches aligned position, the static torque began to 

increase. However, further increase of rotation will lead 

to saturation effect and decrease the torque generated. 

Both the highest positive and negative torque with 

maximum excitation current are almost identical which 

is 122.54 mNm and -111.69 mNm as the overlapping 

degree is alike. The polarity of the torque represents the 

direction rotor that will rotate at the particular position. 

The static torque profile are nearly same for each 

excitation current value. It is essential to determine the 

relationship of torque and position for developing the 

phase switching of excitation current in future research.     
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