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Abstract. This article discusses the issues of energy saving and ensuring power supply. It is important to automate the
management of one of the relevant issues to this regulation. Many functions by disconnecting power consumers from the
network with contactless starting devices, improving the connection structure does not become relevant. From this,
asynchronous high-power motors from the “star” network start by dragging into the "triangle" the possibility of
contactless operation of the discharge device circuit design was extracted and analyzed. According to the contactless
launcher, the structural elements and the principle of operation are described in detail.

INTRODUCTION

The growing demand for electrical energy and the diversity of consumers with different operating modes
increase the need for effective switching devices. For voltages below 1000 V, magnetic starters and contactors are
commonly used, allowing up to 600—1500 switching operations per hour. However, their use in fire-hazardous areas
can cause dangerous consequences:

- Sparks between contacts can lead to fire;

- Noise during operation and switching;

- Contacts may weld due to overheating;

- Mechanical wear;

- Contact oxidation and burning;

- Slow switching speed;

- Large size and weight;

- Low reliability and high maintenance needs;

- The need for arc extinguishing systems at high current levels.

To eliminate these drawbacks, there is a need for devices that can perform frequent and rapid switching without
mechanical contact. Non-contact devices enable silent and rapid connection/disconnection of consumers,
particularly effective in fire-hazardous industrial environments [1-10].

When starting large-capacity asynchronous motors, high inrush currents cause sparking between contacts.
Various starting methods are used, one of the most common being the “star—delta” switching method. Here, the
motor initially starts in a star connection to the network and after a certain time, switches to delta connection. This
reduces the starting current threefold. Another known method is step-by-step starting, where a two-speed motor
starts at low speed and then switches to a higher speed [1-6].

EXPERIMENTAL RESEARCH

Considering the above, the use of a contactless starter for high-power motors is appropriate. Based on the “star—
delta” principle, a non-contact starter circuit was developed [3-5]. The circuit allows automatic transition from star
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to delta connection. Depending on the purpose, a corresponding control program is written into the microcontroller,
while the circuit hardware remains unchanged [8-12].

The device has 18 input-output terminals, and the consumer is connected according to the selected scheme.
Control is achieved via a microcontroller, receiving input signals from control buttons or an automated system. If
used for a “star—delta” start, the buttons perform star start, delta switch, and stop operations. Automatic switching
can also be implemented by programming the transition time from star to delta [6-8]. The schematic diagram is
shown in Figure 1.
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FIGURE 1. Circuit diagram for starting a three-phase motor using a contactless “star—delta” device

For smooth and efficient starting of three-phase induction motors, contactless control circuits are widely applied.
One such circuit automatically switches the connection from star to delta using thyristor (or triac) blocks. In this
scheme, nine thyristor blocks (VS1-VS9) are used, each responsible for switching the motor phases. Initially (star
connection), control signals are sent to VS1, VS2, VS3, VS7, VS8, and VS9. These open the corresponding
thyristors, connecting the windings in a star configuration and enabling smooth acceleration. After a delay (typically
3-5 seconds), the control system disconnects VS7—VS9 and activates VS4-VS6, forming a delta connection. The
motor then operates at rated voltage and full power. The key advantage of this system is the absence of mechanical
contacts, eliminating sparks and contact wear, ensuring higher reliability and reduced maintenance needs. The
switching process is electronic, improving speed and operational safety. Additionally, the contactless “star—delta”
method ensures soft starting, reduces voltage drops, and eliminates mechanical shocks — making it suitable for
modern automated drives [8-15].

RESEARCH RESULTS

We will develop the mathematical model of the considered scheme in the MATLAB system. One of the most
remarkable features of MATLAB is the availability of an efficient tool for simulating program models — the
Simulink visual programming package.

A mathematical model of the studied circuit was built in MATLAB/Simulink, which allows dynamic simulation
of linear and nonlinear systems. The simulation model (S-model) is assembled visually using blocks from the
Simulink library [12-15].

The model includes a three-phase AC source, thyristors, a squirrel-cage induction motor, current and voltage
measurement blocks, oscilloscopes, and switches. Each thyristor pair forms a simistor block connected in anti-
parallel. The simulation circuit for an asynchronous motor with the developed device is shown in Figure 2.
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FIGURE 2. MATLAB simulation model of the contactless “star—delta” starting system

The selected motor parameters are shown in Figure 3. Signals from the motor are monitored using Scope and
Bus Selector blocks to analyze current, speed, and electromagnetic torque (Figure 4).

| Block Parameters: Asynchronous Machine p
Asynchronous Machine (mask) (link)
| Implements a three-phase asynchronous machine (wound rotor, squirrel cage or double squirrel cage)

modeled in a selectable dq reference frame (rotor, stator, or synchronous). Stator and rotor windings are
| connected in wye to an internal neutral point.

| Configuration ~ Parameters  Advanced  Load Flow

Nominal power, voltage (line-line), and frequency [ Pn(VA),Vn(Vrms),f(Hz) ]: |[4000 400 50]

Stator resistance and inductance [ Rs,Lls ] (pu): |[0.03513 0.04586] |

Rotor resistance and inductance [ Rr',LIr ] (pu): |[D.03488 0.04586] |

Mutual inductance Lm (pu): |1.352 |

Inertia constant, friction factor, pole pairs [ H(s) F(pu) p() ]: |[0.0404 0.01841 2] |
Initial conditions

[slip, th(deg), ia,ib,ic(pu), pha,phb,phc(deg), iaribricr(pu), phar,phbr,pher(deg)]:
110 000 000] \

[] simulate saturation Plot

[i; v] (pu): D1,0.8125,1.0079,1.4799,2.2457,3.2586,4.5763,6.4763 ; 0.5,0.70.9,1,1.1,1.2 ,1.3,1.4,1.5]

0K Cancel Help Apply
FIGURE 3. Parameters of the three-phase squirr_el-éagé induction motor
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I Block Parameters: Bus Selector
' BusSelector

" This block accepts a bus as input which can be created from a Bus Creator, Bus Selector or a block that defines its output
using a bus object. The left listbox shows the signals in the input bus. Use the Select button to select the output signals.

- The right listbox shows the selections. Use the Up, Down, or Remove button to reorder the selections. Check 'Output as
bus' to output a single bus signal.

Parameters
Filter by name | @ Find Selected signals Up
, ” Mechanical.Rotor speed (wm)
I Select>> Down
Slgnals'In the bus Mechanical.Electromagnetic torque Te (pu)
Formesstmimiits Refresh Stator measurements.Stator current is_a (pi =~ Remove
Stator measurements
Lm (pu)
> Mechanical
< >
[ output as bus
9 Gncel | [ rep | [ il

FIGURE 4. Bus Selector configuration window

The three-phase AC source (Figure 5) is configured to match the motor parameters. Current and voltage are
measured using three Current Measurement blocks connected to an oscilloscope. Eighteen thyristors (forming nine
simistor pairs) simulate contactless switching. The control pulses are generated by Pulse Generators.

Block Pa
Three-Phase Source (mask) (link)

ameters: Three-Phas

Three-phase voltage source in series with RL branch.

Parameters Load Flow
Configuration: |¥g

Source

[] specify internal voltages for each phase

Phase-to-phase wvoltage (WVrms): |400 |

Phase angle of phase A (degrees): | o |

Frequency (Hz): | 50 |

Impedance

Internal [ specify short-circuit level parameters

Source resistance (Ohms): |0 |

Source inductance (H): | 0 |

Base voltage (Vrms ph-ph): |0 |

OK Cancel Help Apply

FIGURE 5. Parameters of the three-phase voltage source

The motor initially operates in star connection. After 3 seconds, the first three-phase switch opens, and the
second closes — switching to delta (Figure 6). Thus, the thyristors reconfigure the connection accordingly.
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Block Parameters: Three-Phase Breakerl >
Three-Phase Breaker (mask) (link)

Implements a three-phase circuit breaker. When the external
switching time mode is selected, a Simulink logical signal is used to
control the breaker operation.

Parameters

Initial status: dosed hs

Switching of:

Phase A Phase B Phase C
Switching times (s): [ External

Breaker resistance Ron (Ohm):

0.01 |

Snubber resistance Rs (Ohm): [ 1e6 l

Snubber capacitance Cs (F): |inf |

Measurements VBlr'eaker voltages and currents =
_Cancel || Help || Apply
FIGURE 6. Parameters of the three-phase switch

The Pulse Generator parameters are based on a sinusoidal current of 5 V amplitude and 50 Hz frequency (period
= 0.02 s). Pulse width = 50% (0.01 s), phase delay = 0 s for positive half-cycle, and 0.01 s for the negative one

(Figure 7).

| [l Block Parameters: Pulse 'Y Block Parameters: Pulse Generatord x
Pulse Generator I Pulse Generator
Qutput pulses: Output pulses:
if (t >= PhaseDelay) && Pulse is on | if (t >= PhaseDelay) && Pulse is on

¥(t) = Amplitude Y(t) = Amplitude
| else | else
Y(t) =0 Y(t) =0

| end | end
Pulse type determines the computational technique used. Pulse type determines the computational technique used.

| Time-based is recommended for use with a variable step solver, while Time-based is !eoommended for use with a variable step solver, Whi!e _
Sample-based s recommended for use with a fixed step solver or within a Sample-based is recommended for use with a fixed step solver or within a
discrete portion of a model using a variable step solver. discrete portion of a model using a variable step solver.
Parameters | Parameters
Pulse type: |Time based = Pulse type: | Time based =
Time (t): |Use simulation time - Time (£): | Use simulation time M
Amplitude: Amplitude:
s | = |
Period (secs): Period (secs):
[0.02 ‘ [0.02 |
Pulse Width (% of period): Pulse Width (% of period):

[0 ‘ | [50 |

Phase delay (secs):

Phase delay (secs):
‘ [o.01 |

[0

Interpret  parameters as 1-D Interpret vector parameters as 1-D

J OK Gangel Help Apply | J OK Cancel Help Apply

FIGURE 7. Pulse Generator parameters
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When the simulation runs, the generator sends control signals to the thyristors, applying 380 V to the motor
terminals. The Scope shows the three-phase voltage and current curves (Figure 8), and Scopel displays the motor’s
speed, torque, and stator current (Figure 9).
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FIGURE 8. Three-phase voltage and current waveforms during contactless start
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FIGURE 9. Performance characteristics during contactless start
CONCLUSIONS

Using contactless control systems for large asynchronous motors operating in intensive modes is one of the most
effective modern electrotechnical solutions. The contactless “star—delta” method provides smooth, reliable, and safe
motor startup. It reduces the starting current by a factor of three, prevents voltage drops, decreases thermal load, and
eliminates mechanical shock — thereby extending system lifespan.

Such systems, based on semiconductors (thyristors, triacs, etc.), operate silently, without sparks or arcs, offering
high reliability and low maintenance. Their fast and precise control simplifies integration into automated systems.
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These advantages make them suitable for industrial plants, pump and fan systems, compressors, and conveyor lines,
where high performance and reliability are required.

Overall, the contactless “star—delta” starting method ensures efficient, safe, and economical operation of electric
motors. MATLAB Simulink enables both theoretical and practical analysis of these processes, making this method
an essential part of modern energy-efficient drive systems.
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