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Abstract: Paper deals with a newly designed low-power three-phase induction electric motor for continuous duty cycle operation with 
application mainly in pumping system. The main features are presented. The problems and solutions related to the sizing and optimization of 
the motors during design according to different criteria and conditions are analyzed, with energy efficiency being the main determinant. 
Numerous graphical results obtained during the design are presented.  
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1. Introduction

To set working machines in motion, the main engine is the
electric motor and, therefore, the main type of drive is the electric 
drive. 

Currently, there is a widespread orientation towards energy-
efficient technical solutions globally in the world and Europe and 
in this regard the development of this direction in terms of 
electricity consumption with a view to optimizing electricity costs. 
The application of an optimal in this regard electric drive, the main 
component of which is an electric motor, guarantees not only the 
energy-efficient operation of entire systems, but also low 
electricity costs for the industry. In other words – the most 
expensive energy in the industry is the unnecessarily consumed 
and the optimal electric drive will guarantee not only the energy-
efficient operation of a given system, but also low electricity costs 
[1]. 

The creation of any mechanical unit is currently directly 
related to the design of electrical equipment. In this case, one must 
have a good knowledge of mechanical equipment and 
technologies, methods of speed regulation, calculation of transient 
processes of electric drives, and selection of the power of electric 
motors. The appropriate design of rotating electrical machines is 
the basis for achieving local and global electrical energy 
efficiency.  

2. Some considerations

Caproni JSC – Kazanlak is a leading manufacturer of hydraulic
components and systems for use in mobile and stationary industrial 
equipment. One of the company's innovations is the development 
of AC electric motors with the possible application of frequency 
regulation and vector control to them [2]. 

Modern electric drive is developing mainly in the following 
direction – simplification of the transmission mechanism between 
the electric motor and the working machine. This is achieved 
mainly by using electric motors that allow regulation of the 
rotational frequency, which avoids the complication of the 
transmission mechanisms. In this case, things such as the steady-
state torque-speed curve, the dynamic performance required, the 
inertia of the load, the pattern of operation (continuous or 
intermittent), etc. are important [3].  

Speed control is the forced change in the speed of an electric 
drive. The term ‘speed control’ should not be confused with the 
natural change in speed that occurs in an electric drive due to 
changes in the load on the shaft of a running machine. Speed 
regulation is achieved by additional action on the driving electric 
motor or the gear system of the production mechanism. This action 
can be performed by a person or by a special automatic device. For 
induction motors, pulse width modulation (PWM) inverters are 
suitable for control. Voltage source PWM inverters are popular 
because they are readily applied to different types of motor and 
load. That's why they are called ‘the industrial work horse’ and are 
the most widely used drives. Method of torque/speed control can 

be Field Oriented Control (FOC) or Direct Torque Control (DTC), 
as well as Simpler Scalar (V/f) variant [3].  

In the historical development of drives, mechanical control 
methods were the first step in the transition from unregulated to 
regulated drives. Currently, electrical control prevails, which has a 
number of advantages in terms of technical and economic 
indicators. In electrical control, the aim should be to ensure that 
the characteristics across the entire range have high rigidity and 
that the electric motor has sufficient overload capacity. The 
electrical method of regulation creates broad opportunities for 
automation of the regulation process and allows to eliminate 
mechanical regulating devices and thus to increase the reliability 
of the operation of the installations and to simplify their design. 

By the way, it should be noted that for self-ventilated electric 
motors, the reduction in speed must correspond to the reduction in 
permissible losses in them. At low speeds, these electric motors 
must operate at currents lower than the nominal, and therefore the 
permissible torque is reduced in proportion to the reduction in 
speed. 

Dynamic loads occurring during starting and stopping of 
electric drives increase losses in the motor, but since they are 
short-term compared to the duration of operation in a fixed mode, 
their influence on the heating of the electric motor is negligible. 
Therefore, in many cases, under the conditions of heating, it can be 
assumed for a short time that the torque of the electric motor is 
much greater than the rated one. 

In addition to heating, there are other factors that limit the 
permissible overload of electric motors – for each there is a limit 
value of the moment, permissible under the conditions of normal 
operation of the electric motor, which should not be exceeded even 
briefly. It is this ratio of the maximum permissible moment to the 
nominal one that is called the overload capacity of the electric 
motor. 

The peculiarity of the ATM range of AC electric motors 
(manufactured by Caproni JSC) is that maximum unification of the 
equipment used has been achieved in the implementation of 
products in the usual IE1 (Standard Efficiency) and IE2 (High 
Efficiency) energy class. The already available designs for the 
various types of products from the basic range are a prerequisite 
for implementing the IE3 energy class (Premium Efficiency). 
Electric motors with the ATM designation are available in 
standard and special designs according to their intended purpose, 
with the different combinations not changing the connection 
dimensions of the basic designs. In all products, the body and 
bearing shields are cast from aluminum alloy. All versions are 
ventilated except those operating immersed in an oil tank. More 
special versions are also possible, such as:  

 tropical performance;
 with protection degree IP55 or IP56;
 for other supply voltage and frequency;
 for operating modes other than S1;
 with parameters different from those of the basic versions;
 with second output shaft end;
 for operation immersed in hydraulic oil.

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

131 YEAR XX, ISSUE 4, P.P. 131-136 (2026)



The International Electrotechnical Commission (IEC) is an 
organization based in Geneva that publishes and promotes 
worldwide mechanical and electrical standards for electric motors, 
among other documents. IEC uses duty cycle (mode) designations 
(categories) S1 ... S10 to describe the operating conditions of 
electric motors – IEC 60034-2-1:2024 [4]. The modes of electric 
motors, in addition to specifying their operating parameters and 
duty cycles, also determine the temperature rise (insulation class), 
frame size (the physical dimensions of the electric motor), housing 
type, service factor, etc. In typical modes, serial electric motors 
should operate while the reliable operation of the machine is 
guaranteed by the manufacturer if the electric motor is operated in 
the mode specified in its passport at the rated load. Rapid failure is 
usually due to the fact that the electric mоtor is selected without 
taking into account the required rated mode. 

It is necessary to clarify that the standards are recommended, 
i.e. they are not mandatory. A given manufacturer declares that his 
products comply with relevant standards, but this is for the purpose 
of seeking and selling his products. However, the ordinances in 
Bulgaria, as well as the regulations, directives and decisions 
created by the European Commission, are mandatory for 
implementation.. 

Electric motors for applications in pumps, fans, compressors, 
conveyors, operate in S1 mode (continuous duty cycle). This mode 
is characterized by operation at a constant load without 
interruption and with a sufficient duration to reach thermal 
equilibrium (thermal equilibrium is the state reached when the 
temperature rise of the machine does not vary by more than 2 
degrees on the Kelvin scale per hour) [4]. 

3. Specifics of the designed electric motor 

The induction motor under consideration is designed for 
operating mode S1 according to IEC, cooled by self-ventilation – 
code IC01, thermal protection is implemented with a Pt1000 
thermistor in the stator winding (equipment upon customer 
request), and the insulation of the stator winding has a heat 
resistance class H (180oC). Parameter values and general view of 
an electric motor ATM are given in Table 1 and Figure 1, 
respectively. 

The design is carried out with specified inner and outer 
diameters of the blades, with a certain number and dimensions of 
the stator and rotor channels. The possibilities for varying the 
independent variables are limited by the conditions for minimum 
dimensions and mass, as well as technological factors. Regarding 
the moment of inertia of the rotor - it is known that higher rotor 
inertias increase energy consumption when changing speed, with 
more compact dimensions the rotor inertia is smaller [1]. 

Partial optimization tasks have been solved with a maximum 
efficiency criterion and constraints on the current density in the 
stator and rotor windings. These constraints are imposed to 
achieve permissible winding temperatures. The parameters of the 
equivalent circuit, the currents in the windings, losses, powers, etc. 
have been determined. The results obtained allow us to estimate 
the distribution of magnetic induction in the sections of the 
magnetic circuit, to determine the magnetic flux through the air 
gap and the electromagnetic moment. 

For the rated speed, the overload capacity of the electric motor 
is determined by the maximum torque factor. The maximum 
torque factor is usually greater than 2, where the stator current is 
more than twice the rated motor current. The air gap has the 
greatest influence on the value of the magnetizing current of 
induction motors. In turn, the magnetizing current determines the 
current and losses in the stator winding and the power factor. The 
production of induction motors with an optimal air gap depends on 
the design of the bearing and the level of the manufacturing 
process.  

 

Table 1: Parameter values for the considered induction motor 
Parameters 

Description Data 
Type ATM 0.55-1500-

L70 
Duty cycle S1 
Connection (stator) Y 
Rated power 0.55 kW 
Stator terminal phase voltage  230 V 
Line-line supply voltage  400 V 
Fundamental frequency  50 Hz 

Number of pole pairs  4 
Airgap 0.25 mm 
Shaft diameter 25 mm 
Copper diameter 0.63 mm 
Synchronous rotational frequency 1500 rpm 
Shaft rotational frequency 1427 rpm 
Rated slip 0.04493 
Rotor moment of inertia  0.0010668 kgm2 
Rated torque 3.68 Nm 
Starting torque 1.73 p.u. 
Maximum torque 2.68 p.u. 
Phase current  1.3368 A 
Starting current 4.54 p.u. 
Maximum current 3.2 p.u. 
Rated efficiency 80.514% 
Phase resistance 11.30 Ω 
Line-line resistance 22.60 Ω 
Referred rotor resistance 10.74 Ω 
Stator leakage reactance 7.35 Ω 
Referred rotor leakage reactance 25.43 Ω 
Magnetizing reactance (saturated) 274 Ω 
Airgap flux density (mean) 0.5618 T 
Stator copper losses (analytic on load) 60.58 W 
Rotor copper losses (analytic on load) 29.15 W 
Stray load losses (analytic on load) 17.01 W 
Stator iron losses (total, analytic on load) 25.91 W 
Rotor iron losses (total, analytic on load) 0.4707 W 
Total losses (analytic on load) 133.10 W 

 
The selected design scheme and the precision in machining the 

stator and rotor packages, bearing shields and shaft create the 
possibility of achieving a small and uniform air gap in the motors. 

The machine winding and laying of the sections, the channel 
filling factor and the quality of the impregnation of the stator 
winding largely determine the heat dissipation and the temperature 
state of the winding. The resistance of the winding, the losses in it 
and the efficiency depend on the temperature. 

 

 

Fig. 1 General view of an electric motor ATM. 

 
The considered induction motor can be used to drive pumps 

designed for household use at home and garden, for fixed 
installation and pumping water from wells and other passive 
waters. Such pumps are designed to handle clean, clear or 
moderately contaminated water with solid particles at the declared 
maximum volume and are suitable for the following applications 
[5]:  

 irrigation and watering of lawns, beds and vegetable gardens;  
 the pumping of water reservoirs and ponds; 
 for water-drainage from wells, tanks and rainwater tanks; 
 the pump is suitable for pumping clean water, rain water and 
chlorinated water (water pools). 
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Figure 2 presents an example diagram for using a pump driven 
by an induction motor [5].  

 

 

Fig. 2 General diagram of a pump with an induction motor 
(depicted elements: 1- suction with filter and check valve; 2 – suction 

pipe support; 3 – suction pipe slide valve; 4 – water filling plug (bleeding 
valve); 5 – pump water drain plug). 

 

4. Results obtained 

Below in Fig. 3 ÷ Fig. 12 are presented in graphical form the 
results for the designed induction electric motor. An appropriate 
software toolkit for electrical machines has been used – Ansys® 
Motor-CAD [6]. 
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Fig. 3 Currents vs speed characteristics  

(green colored – line current, blue colored – referred rotor current, purple colored – magnetizing current). 
 

 
Fig. 4 Torque vs speed characteristics 

 (red colored – on load airgap torque, blue colored – on load shaft torque). 
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Fig. 5 Power factor vs speed characteristics. 

 

 
Fig. 6 Efficiency vs speed characteristic. 

 

 
Fig. 7 Power vs speed characteristics  

(red colored – input power consumed,  green colored – input power consumed, power balance, blue colored – output power). 
 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

134 YEAR XX, ISSUE 4, P.P. 131-136 (2026)



 
Fig. 8 Iron losses vs back e.m.f. 

 

 
Fig. 9 Speed vs time characteristic. 

 

 
Fig. 10 Torque vs time characteristic. 
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Fig. 11 Currents vs time characteristics  

(red colored – phase current A,  green colored – phase current C, blue colored – phase current C). 
 

 
Fig. 12 Flux density [T]. 

 

5. Conclusions  

Based on the research carried out, the following summary 
notes are formed. Models for different degrees of loading have 
been created. It should be noted that the experimental results are 
of great value, since as a result of their analysis it can be 
established how correctly the electric motor is designed, to 
clarify the reserves for improvement and possible shortcomings. 
This is actually planned as future work - testing with different 
loads on the shaft of the motor under consideration. 

The selection of an electric drive should not end with 
considering only the possibility of obtaining certain mechanical 
characteristics. It is also necessary to evaluate the dynamic 
qualities, economic indicators, reliability and ease of 
maintenance. 
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