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Abstract. In modern gardening, there are many technological processes that use hand tools. These processes 

account for about 40% of the labor costs in the process of gardening. In this regard, the cost of horticultural 

products increases, which affects their competitiveness in the market economy. The use of an electrified or 

mechanized tool will improve the production efficiency and reduce the cost of horticultural products. Currently, 

hydraulic and pneumatic drives are widely used. However, these drives have many disadvantages that lead to a 

decrease in the efficiency of the installations. Therefore, the electric drive is increasingly used. The existing 

electrified tool uses a DC motor as an electric drive. The most unreliable element of the motor is the brush 

mechanism. The use of a linear electric motor for the drive of the tool will increase its operational reliability and 

energy efficiency. This is possible due to the advantages of the linear electric drive, such as simplification of the 

mechanical part, increased speed and positioning accuracy of the electric motor armature. The proposed electric 

drive is characterized by low noise level and ease of maintenance. This stage in the development of a linear electric 

drive is characterized by a small range of tasks to be solved. The proposed design of a linear electric motor will 

allow, in general, to consolidate the possibility of its use in agricultural production, and in particular for a hand-

held electrified tool for caring for a garden. Modern design of electrical devices should use existing software 

systems for modeling magnetic systems. This will make it possible to more effectively solve the problem of 

increasing the efficiency of the magnetic system of the electric motor. To study the magnetic system of a linear 

electric motor, we use the ElCut program. The aim of the study is to optimize the magnetic system of the linear 

electric motor of a hand-held electrified tool. This will increase the force generated by the magnetic field acting 

on the armature. As a result of the research, the maximum value of the electromagnetic force reaches 53.7 N. In 

the further design of the power tool, it is necessary to correctly select the kinematic diagram for its effective 

operation. 
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Introduction 

Scientists from other countries are conducting research on the development of hand-held electrified 

tools, taking into account the processes of wood cutting [1-2]. Works [3-6] are devoted to general design 

issues of linear motors. In scientific articles [7-10], tubular linear electric motors of the synchronous 

type and permanent magnets are considered. Basically, research on linear electric drives is aimed at 

creating motors that drive vehicles, moving devices with parameters for accurate positioning in space 

[11-13]. For hand tools, the linear electric drive is not used in the world practice. Therefore, there is a 

need to develop linear motors for handheld electrified tools. 

Most of the labor in industrial horticulture is spent on gardening processes. The most time-

consuming process is detailed pruning of tree branches. For these purposes, pruners, delimbers and 

hacksaws are used. For example, the Makita pruner (Fig. 1a), the Karsher delimber (Fig. 1b) and the 

Bosch hacksaw (Fig. 1c). 

  

 

Fig. 1. Hand-held electrified tree pruning tool 

This electrified tool uses a DC (direct current) motor as a drive for the working mechanism (cutting 

blades, hacksaw blade) (Fig. 2). 
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Fig. 2. DC electric motor 

The brush mechanism of a DC motor reduces its operational reliability. The rotational motion of 

the motor armature must be converted into a reciprocating motion of the cutting blades or hacksaw 

blade. The operating principle of a linear electric motor is based on the reciprocating movement of the 

armature under the influence of an electromagnetic field created by magnetizing coils. The application 

area of linear motors is mainly vibration tools. For example, a jackhammer, a perforator, a device for 

driving metal rods into the ground, piston pumps and vibration machines of grain elevators [14; 15]. In 

this regard, a linear electric motor should be used for a hand-held electrified tool for the care of trees in 

gardens. 

Materials and methods 

The linear electric motor, proposed for use as a hand tool drive, consists of a first magnetizing pole 

(1), a second magnetizing pole (2) and non-magnetic inserts (3, 4, 5) located in them. The magnetizing 

coil (7) is located on a non-magnetic frame (6). Inside the housing (8) with insulation (9), the first (10) 

and the second (12) covers fixed with screws (11, 13), a magnetizing coil (7) is installed. The armature 

(14) of the linear electric motor consists of magnetic (15, 16, 17, 18) and non-magnetic (19, 20, 21) 

sleeves. It is secured with sleeve bearings (22, 23). The spring (24) is needed to return the armature to 

its original position (Fig. 3).  

 

Fig. 3. Linear electric motor 

The linear electric motor works as follows. With the magnetizing coil disconnected, the armature 

is in its original position under the influence of the spring. When DC voltage is applied to the 

magnetizing coil, the current begins to flow through it, which creates a magnetic flux Ф. This magnetic 

flux closes along the housing, the first and second magnetizing poles, the armature and the first cover 

(Fig. 4). 

The operating principle of the electric motor is to separate the magnetic flux Ф into magnetic fluxes 

Ф1, Ф1δ, Ф2, Ф2δ, Ф3, Ф3δ. This separation of flux occurs due to saturation of the magnetic system in 

places where non-magnetic inserts are present. The passage of fluxes Ф1, Ф2, Ф3 leads to the appearance 

of the electromagnetic force acting on the armature. When the voltage is disconnected from the 

magnetizing coil, the armature under the action of the spring moves to its original state [16-19]. 
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Fig. 4. Operating principle of a linear electric motor 

The search for a rational design of the magnetic system of a linear electric motor is carried out in 

the ElCut software application. The program allows to calculate the value of the magnetic induction in 

a cylindrical coordinate system (1). 

 
( )

r

rA

r
Bz




=

1
, 

z

A
Br




−=  (1) 

To solve the problem, the Poisson’s equation is used for the vector magnetic potential A. In this 

case, the magnetic induction is determined as R = rotA. When solving our problem, the magnetic 

induction vector B lies in the zr plane (cylindrical coordinate system). Taking this, Poisson’s (2) equation 

will have the form 
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where μz, μr – magnetic permeability; 

 Hz, Hr – coercitive force; 

 j – current density. 

For the operability of a linear electric motor, the presence of non-magnetic inserts and non-magnetic 

sleeves is important. Therefore, when determining the most rational design of the magnetic system of a 

linear electric motor, we single out two optimization factors. The first variation factor (α) is the bevel 

angle of non-magnetic sleeves (15º, 30º, 45º, 60º, 75º, 90º). The second variation factor (β) is the bevel 

angle of non-magnetic inserts (15º, 30º, 45º, 60º, 75º, 90º) (Fig. 5). 

 

Fig. 5. Research parameters of the magnetic system of a linear electric motor 

The ElCut software application allows to calculate the magnetic system using the finite element 

method with high accuracy. In this case, the initial correct formulation of the problem is important. 

Results and discussion 

The main parameters for solving the problem in the ElCut program are: building a geometric model, 

setting the properties of structural elements (coil, non-magnetic inserts, non-magnetic sleeves, magnetic 

system, magnetic sleeves), setting boundary conditions. To solve the problem, it is necessary to construct 

a mesh of finite elements (Fig. 6). 
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Fig. 6. Finite element meshing 

Calculating the task, we get a picture of the magnetic fluxes distribution in the magnetic system of 

a linear electric motor (Fig. 7).  

 

Fig. 7. Result of calculating the magnetic system of a linear electric motor 

The main analyzed parameter of the operation of a linear electric motor is the generated 

electromagnetic force. It will be used in the further design of the device for hand-held electrified tools. 

The results of the study of the magnetic system design features, taking into account certain 

parameters, are presented in Table 1. 

Table 1  

Electromagnetic force acting on the armature (Н) 

Bevel angle of 

non-magnetic 

inserts β, º 

Bevel angle of non-magnetic sleeves α, º 

15 30 45 60 75 90 

15 12.7 13.1 13.9 16.9 22.4 27.6 

30 13.0 13.5 14.1 17.5 25.2 32.5 

45 13.6 13.9 14.3 21.3 29.1 37.7 

60 14.7 16.8 20.7 24.2 31.3 41.4 

75 22.8 24.6 28.5 30.8 32.7 47.5 

90 26.6 31.4 36.9 40.3 46.7 53.5 

Analyzing the obtained data, we can say that there is an increase in the generated electromagnetic 

force with an increase in the bevel angle of both non-magnetic sleeves and non-magnetic inserts. 

For high-quality design of an effective tool, after determining the optimal, developed forces, it is 

necessary to calculate the kinematic diagram of the transfer of this force to the actuator. 

Conclusions 

1. Based on the results presented in the study, the following conclusions can be drawn. An increase in 

the bevel angle of non-magnetic sleeves from 15º to 90º, leads to an increase in the electromagnetic 

force from 12.7 N to 27.6 N.  

2. An increase in the bevel angle of non-magnetic inserts from 15º to 90º, leads to an increase in the 

electromagnetic force from 12.7 N to 26.6 N.  

3. At the same time, a simultaneous increase in the angles contributes to an increase in the 

electromagnetic force up to 53.7 N. 
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