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Abstract. The individual and total capacities of electric drives of fan installations have significant values, which re-
quires monitoring their electrical energy consumption in nominal and start-up operating modes to prevent overloading
of the ship's network, the occurrence of power exchange fluctuations between generators, and a decrease in the quality
of electricity. High-quality operation of electric drives of fan installations on modern ships is carried out using fre-
quency converters that allow smooth starts, stops and speed control. In the conducted experimental studies, an Opti-
mus Drive AD80-4TD75 frequency converter is used to power an asynchronous fan electric motor, which includes an
uncontrolled rectifier and an autonomous inverter. The oscillograms of voltage, current, and electric motor revolutions
obtained in the start and braking modes using linear and S-shaped control laws show good results. The use of the
S-shaped control law has some advantages over the application of the linear law, because transients are smoother and
the electric drive operates more smoothly. The special capabilities of the Optimus Drive AD80-4TD75 frequency con-
verter make it possible to maintain constant pressure and flow in the air duct when using feedback in the electric drive.
It is proved that the application of the proportional frequency control law of the supply voltage does not ensure the
maintenance of pressure and frequency when changing the position of the air dampers, while the introduction
of a constant integration time when using the proportional integral control law ensures stable maintenance of the set
values of pressure and flow over the entire range of changes in the position of the air dampers.
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3JIEKTPONIPUBO/A BEHTUJISITOPHO YCTAHOBKH € YACTOTHBIM YNIPpaBJIEeHHEM

Ha MOPCKOM CyJIHE
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Poman Cepzeesuu Iloozuoaiinos
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AnHoTanms. ExuHnYHBIE M CyMMapHBIE MOIIHOCTH 3JIEKTPOIPHBOJOB BEHTWIITOPHBIX YCTAaHOBOK HMEIOT 3HA4YH-
TEJIbHBIE BEJIMIMHBI, YTO TPeOyeT KOHTPOJISI MOTPEOICHNS MU JIEKTPHIECKOIl SHEPIHH B HOMHHAIBHBIX M ITYCKOBBIX
peXuMax pabOTHI ISl HEMOIYIIEHHS TIePerpy3KH CYOBOH CETH, BOSHHKHOBEHHS! OOMEHHBIX KOJIEOaHMIT MOIIHOCTH
MEXly TeHepaTopaMy, CHI)KEHHMSI KadecTBa JIeKTporHepruu. KadecTBeHHas: paboTa 3J1eKTPONPUBOIOB BEHTHIATOP-
HBIX YCTaHOBOK Ha COBPEMEHHBIX CyJaX OCYIIECTBISETCS C MCIIOIB30BaHUEM MpeoOpa3oBaTesieil YacTOTHI, MO3BOJIS-
FOLIMX MPOU3BOIUTH TUIABHBIE ITyCKU, OCTAHOBHI U PEryJIMPOBAHUE YACTOTHI BpalleHUs. B MpoBeIeHHBIX SKCIIEpUMEH-
TaJIbHBIX UCCIECNOBAHHUAX IUIS MUTAHUS aCHHXPOHHOTO NPHBOAHOTO 3JEKTPOABUTATENS BEHTHJIATOPA HCIONB3YETCS
npeobpasosarens yactorsl Optimus Drive AD80-4TD75, B cOCTaB KOTOPOTO BXOAUT HEYMPABIISEMbIN BBITPAMUTEID
¥ aBTOHOMHBI HHBEPTOp. OCHIILIOrpaMMBl HAIPSDKEHHSI, TOKa U 00OPOTOB AIICKTPOJBHUraTENs, MOIYYECHHBIE B pe-
KMMax MycKa ¥ TOPMOXKEHHs C IPHMEHEHNEM JIMHEIHOTO M S-00pa3HOro 3aKOHOB YIIPaBJICHHMS, TOKA3BIBAIOT XOPO-
mye pe3ynbTaThl. Mcnonb3oBanue S-o0pa3HOTo 3aKOHA YIIPaBIICHHs! HMEEeT HEKOTOPHIe IPEeUMYILeCTBa Iiepe]] IpUMe-
HEHUEM JIMHEIHOTO 3aKOHa, T. K. IEPEeXOIHBIE MPOIIECCH 00JIalafoT OOMbIIeH IIITaBHOCTBIO M AJIEKTPONPHUBO]] paboTa-
et Oonee Marko. CrienuanbHbIC BO3MOXKHOCTH TipeoOpazoBarens yacToTel Optimus Drive AD80-4TD75 no3Bosnstor
MOJICPKUBATE IIOCTOSIHCTBO JABJICHUS M PAacXoja B BO3AYXOMPOBOJAC NPH HCIIOIB30BAHIH OOPATHBIX CBA3EH B 3JEK-
TponpuBoje. JlokazaHo, YTO MPUMEHEHHUE MPOMOPIHUOHATIFHOTO 3aKOHA YIPABICHHUS YaCTOTOM MUTAIOIIETO HAMPSHKCHHS
He obecrieynBaeT MOAACPKAHIE JABJICHUS M YaCTOTHI MPH M3MEHEHUH TIOJIOKEHHS BO3IYIIHBIX 3aCIOHOK, B TO BPEMsI
KaK BBEJICHUE MOCTOSHHON BpEeMEHH MHTETPHUPOBAHUS TPH UCIIOIB30BAHHK MPOMOPLUHOHATEHO-UHTEIPATFHOTO 3aKOHA
yIpapieHns 00ecIeurBaeT CTabmIbHOE MOAepKaHNe 3aJaHHbIX 3HAYeHNH TaBJICHUs M pacxo/ia BO BCEM JUana3oHe 13-
MEHEHUS M0JI0’KEHUSI BO3YIIHBIX 3aCIIOHOK.

KioueBble c10Ba: 3JIEKTPOTEXHUYCCKUI KOMIUIEKC, YCTOHYHMBOCTh, TCHEPATOPHBIA arperar, mpeodpa3oBaTeib ya-
CTOTBI, AIIEKTPOIIPUBO/, BEHTUIIATOP

Jas uurupoBanusi: Casenxo A. E., Casenxo I1. C., [loozubaiinos P. C. Pe3ynbTaThl 9KCIIEpHMEHTATBHOTO UCCIIE0-
BaHMSI OCOOCHHOCTEH PabOThI AIEKTPONPUBO/IA BEHTUISITOPHOH YCTAHOBKH C YaCTOTHBIM YIIPABICHHEM HAa MOPCKOM
cynne // BecTHHK ACTpaxaHCKOTO rOCYJapCTBEHHOTO TeXHU4eckoro yuuBepcurerta. Cepust: Mopckasi TEXHUKA U T€X-

Houorust. 2025. Ne 4. C. 70-79. https://doi.org/10.24143/2073-1574-2025-4-70-79. EDN FVSQZD.

Introduction

One of the main types of electric drives of ship
electrical systems [1, 2] are fan units. Their wide-
spread use on seagoing vessels is explained by the
need to ensure a reliable and efficient supply of fresh
air to all ship spaces, as well as the removal of used air
mixture and exhaust gases from there. Most of the ship
spaces, such as the engine room, central control posi-
tion, holds, tiller room, galley, forepeaks, afterpeaks,
incinerators, cabins and many others do not have natu-
ral ventilation. Therefore, without a high-quality
forced ventilation system, the crew will not be able to
be in such spaces and perform their duties. The inflow
of fresh air and the removal of contaminated air mix-
ture are also necessary for the operation of ship diesel
internal combustion engines located in the engine
room. The operation of storage batteries is associated
with the release of hazardous gas and is impossible
without forced ventilation. Electric drives ensure the

71

operation of fans in refrigerated holds and provision
chambers to maintain the required temperature during
the transportation of goods and products. The air condi-
tioning system on sea vessels also operates using the
ship's forced ventilation system. On sea vessels trans-
porting gas, electric drives of fan units are used as cargo
drives for pumping gas, have high power and have
a significant impact on the operation of the entire electri-
cal power system of the vessel.

The individual and total capacities of electric
drives of fan units are significant, which requires mon-
itoring their electric energy consumption in nominal
and starting modes of operation to prevent overloading
of the ship's network, occurrence of power exchange
oscillations between generators [3, 4], and reduction in
the quality of electric power. High-quality operation
of electric drives of fan units on modern ships is carried
out using frequency converters, which allow for smooth
starts, stops, and regulation of rotation speed [5, 6].
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Control systems based on frequency converters allow
for the operation of ship ventilation systems with
maintenance of constant air mixture pressure, and it is
also possible to organize operation with maintenance
of constant air flow. A ship ventilation system, as
a rule, has a complex configuration with many disturb-
ing effects of a non-periodic nature, which requires
a systematic approach to the application of control laws
and their settings [7-9]. To clarify such issues and de-
velop appropriate recommendations, it is necessary to
conduct experimental studies in laboratory conditions
and systematize the results obtained.

Methods and materials of the investigation

To conduct research on the control system setup
and to measure the operating parameters of the electric
drive during operation, we use an industrial fan unit,
the electric drive of which is an asynchronous electric
motor with a squirrel-cage rotor of the AIR63A2 type
with a power of 0.37 kW (Fig. 1). A centrifugal (radi-
al) low-pressure fan VR 80-75 is installed in the lower
part on a metal base. It has a relative wheel diameter
of 0.9, a nominal rotation speed of 3 000 rpm, a capac-

ity of 0.75-1.77 m’/h, and creates a total pressure
of 230-540 Pa at 20 °C. The E40S6-500-6-L-5 pulse
speed sensor is mounted directly on the shaft of the fan
drive motor. It is an incremental encoder with a supply
voltage of 5 V and a maximum consumption current
of 60 mA with a resolution of 500 pulses per revolution.
The fan creates air pressure in the air duct system with
two outputs, each of which has an adjustable ventilation
system damper. The ventilation dampers are controlled
by AR 24-2 electric drives with a power of 0.7 VA.
A DPT-Flow-D-1000 sensor for measuring air pressure
and air flow by differential pressure with a supply volt-
age of 15-24 V, a pressure change range of 0-1 000 Pa,
and a flow change range of 100-200 000 m*h is mount-
ed directly on the air duct. The sensor has a voltage
output of 0-10 V and a current output of 4-20 mA. In
the sensor setup menu, we set the Flaktwoods calcula-
tion algorithm in the Manufacturer sensor parameter,
and set the corresponding calibration coefficient
K-VALUE equal to 23 — a parameter that is determined
from the fan throughput. We also set the maximum
pressure value of 900 Pa and flow rate of 0.6 m¥/s in the
system under study in the sensor settings.

Fig. 1. General view of the ventilation unit

The fan unit control cabinet contains control and
indication elements that switch the control circuits on
and off, display operating modes and measured values.
To measure phase and line voltage, phase currents,
active, reactive and full powers, power factors, total
active, reactive power and average current, average
voltage, power factor and frequency, the SM96 power
meter is connected to the input of the electric motor
power supply circuit. The control cabinet also has
a measuring controller designed to process pressure and
air flow signals from the sensor and generate an output

signal using an internal PID controller. Using the built-
in PID controller and based on pressure and flow signal
readings from the sensor, the measuring controller can
automatically control both the frequency converter and
damper No. 1. The measuring controller can be
configured using specialized software using a laptop.
The Optimus Drive AD80-4TD75 frequency
converter with a rated power of 0.75 kW, which includes
an uncontrolled rectifier and an autonomous inverter, is
used to power the asynchronous drive electric motor
of the fan. The frequency converter converts alternating
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three-phase voltage of 380 V into three-phase voltage
with adjustable voltage and frequency values, which
ensures regulation of the rotation speed and torque of the
asynchronous motor under various control laws. The
range of change of the output frequency of the frequency
converter is not less than 0-400 Hz and allows smooth
regulation of the frequency and voltage on the stator
of the asynchronous motor.

A hardware and software measuring system based
on a laptop, an input-output board, and DeltaProfi
software provides oscilloscope transients from the
elements and devices of the stand and the removal
of static and dynamic characteristics. Periodic signals
can be oscillographed simultaneously for at least
16 signals with a sampling frequency of at least
200 kHz, and instantaneous and averaged signals can
be recorded using virtual instruments with a sampling
frequency of at least 200 kHz and a duration of at least
5 minutes. The software allows you to use virtual
direct current and alternating current ammeters, direct
current and alternating current voltmeters, wattmeters,
warmeters, frequency meters, phase meters with
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simultaneous display of at least 16 virtual devices.

Research results

A study of the use of a smooth frequency increase
on the stator of the fan drive motor confirmed the pos-
sibility of reducing the inrush currents and dynamic
loads of the fan electric drive in transient modes. Re-
ducing the starting currents of electric fan drives on
the scale of the marine electrical complex is of great
practical importance to ensure the stability of its opera-
tion. Due to the fact that the use of frequency converters
with a direct current link in alternating current electric
drives makes it possible to apply various control meth-
ods, studies have been conducted during start-up ac-
cording to the linear law (Fig. 2) and according to the
law of the S-shaped ramp (Fig. 3), as well as during
braking according to the linear law (Fig. 4) and accord-
ing to the law of S-shaped ramp (Fig. 5). The experi-
ments, the results of which are shown in Fig. 1-4, were
carried out with the upper flap No. 1 closed and the
lower flap No. 2.
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Fig. 2. Oscillograms of voltage U, current I, rotation speed n during frequency starting of the fan electric drive
according to the linear control law

When using the linear law, the fan electric drive
accelerated with increasing voltage frequency for
a time set in the frequency converter. When starting
the fan unit electric drive according to the S-shaped
ramp law, the acceleration is delayed at the beginning,
and at the end the process accelerates to the set speed.
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Fan electric drives usually stop due to coasting without
the use of special means, but the frequency converter
allows for linear braking using the S-shaped ramp law.
When braking according to the S-shaped ramp law, the
deceleration is faster at first, and at the end the process
is delayed.
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Fig. 3. Oscillograms of voltage U, current I, rotation speed n during frequency starting of the fan electric drive
according to the S-shaped control law
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Fig. 4. Oscillograms of voltage U, current I, rotation speed n during frequency braking of the fan electric drive
according to the linear control law

The results obtained in the study of starting and
braking of the fan unit using the Optimus Drive
ADB80-4TD75 frequency converter according to the
linear and S-shaped laws showed the possibility
of effective use of both control methods, since transient
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processes are smooth and there are no significant current
surges. It should be noted that when using the S-shaped
law, there is a possibility of more flexible adjustment
of the frequency converter menu parameters, which al-
lows obtaining some advantages for transient processes.
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Fig. 5. Oscillograms of voltage U, current I, rotation speed n during frequency braking of the fan electric drive
according to the S-shaped control law

The next stage of experimental studies of the elec-
tric drive of the fan unit is devoted to the study
of the possibility of maintaining a constant pressure and
flow rate by introducing the corresponding feedbacks
when using proportional (P) and proportional-integral
(PI) control laws in the frequency converter controller.

To conduct studies using pressure feedback, the ac-
celeration and deceleration time was reduced to a mini-
mum value of 0.01 s, the proportionality coefficient was
set equal to 0.6 for the P-control law (Table 1), and for
the Pl-control law, the integration time of the control-
ler was taken to be 3 s (Table 2). In this case, the lower

damper No. 2 was closed all the time, and the position
of the upper damper No. 1 changed from completely
closed to completely open by changing the angle a;.
During the experiment, in each position of the damper,
n — the rotation frequency of the electric motor, rpm;
U, and I, — the voltage, V, and stator current, A,
of the electric motor; f — the frequency of the voltage
supplied to the motor, Hz; P — air pressure, Pa; L — air
flow, m*/s; P, — consumed power, W; M — the torque
on the shaft of the electric motor as a percentage of the
nominal, %.

Table 1
Results of the study of maintaining constant pressure when using a proportional control law
for an electric drive in a frequency converter
Quantity Values
Experience data

n, rpm 848 865 909 975 1002
u,,Vv 114 116 122 130 134
I, A 0.52 0.52 0.52 0.51 0.51
f, Hz 145 14.6 15.3 16.5 16.9
P, Pa 44 42 29 11 4
a,, deg 0 20 40 60 90
P, W 20 30 30 30 30
M., % 7.5 8.7 9.2 9.5 9.8
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Ending of table 1

Quantity Values
Estimated data
o,, /s 88.8 90 95.1 102.1 104.9
S,, VA 102.6 104.4 107.7 114.8 118.3
AR, , W 20.6 20.6 20.6 19.8 19.8
P.,W 11.6 13.3 15.2 16.8 17.8
P W 32.2 33.9 35.8 36.6 37.6
Ne 0.36 0.39 0.42 0.45 0.47
Table 2

Results of the study of maintaining constant pressure when using a proportional-integral control law
for an electric drive in a frequency converter

Quantity Values
Experience data
n, rpm 905 935 962 1025 1180 1440 1847 2300 2828 2830
U,V 122 125 129 137 155 189 240 303 368 365
I, A 0.53 0.52 0.52 0.52 0.51 0.51 0.51 0.52 0.58 0.58
f, Hz 154 15.7 16.3 17.3 19.9 24.2 31.2 395 48.2 48.1
P, Pa 51 51 51 51 51 51 51 51 51 51
a,, deg 0 10 20 30 40 50 60 70 80 90
P,,W 28 30 30 30 35 50 70 125 230 220
M., % 10 11.5 11.6 12.2 14.3 16.8 239 34.6 52.3 52.6
Estimated data
o,,1/s 94.7 97.8 100.6 107.2 123.6 150.7 193.3 240.7 295.9 296.2
S, VA 1119 | 1125 116.2 123.4 136.9 166.9 212 272.9 369.7 366.7
AR, , W 21.2 204 204 204 19.6 19.6 19.6 204 254 254
P,W 16.4 195 20.12 22.8 31.3 44.2 79.8 144.4 268.2 268.5
P,,W 37.6 40 40.52 43.2 50.9 63.8 994 164.8 293.6 293.9
ufs 0.43 0.48 0.49 0.52 0.61 0.69 0.8 0.87 0.91 0.91

The results obtained during the experimental stud-
ies show that proportional control cannot maintain the
set pressure value, but the use of the proportional-
integral law ensures that the pressure is maintained at
the set level of 50 Pa over the entire range of the
damper position change from 0 to 90 degrees, i.e. from
fully closed to fully open. Changing the position of the
lower damper No. 2 from 0 to 90 degrees with the up-
per damper No. 1 fully closed gave similar results.

Experimental studies were also conducted to main-
tain the constancy of the flow rate with the upper
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damper No. 1 fully closed and the lower damper posi-
tions from fully closed to fully open with a change in
the angle a;. When using flow feedback, the accelera-
tion and deceleration times were reduced to a mini-
mum value of 0.01 s, the proportionality coefficient
was set to 0.5 for the P-control law (Table 3), and for
the Pl-control law, the controller integration time was
set to 5 s (Table 4). In this case, the lower damper No. 1
was closed all the time, and the position of the upper
damper No. 2 was changed from fully closed to fully
open by changing the angle a;.
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Table 3
Results of the study of maintaining a constant flow rate when using a proportional control law
for an electric drive in a frequency converter
Quantity Values
Experience data
n, rpm 1120 1130 1167 1221 1269
u,,Vv 149 150 154 161 166
I, A 0.51 0.51 0.51 0.51 0.51
f, Hz 19 19.1 19.7 20.6 213
L, m¥s 0.026 0.025 0.018 0.010 0
a,, deg 90 60 40 20 0
P, W 30 30 30 40 30
M., % 10.7 11.3 11.9 121 105
Estimated data
o,,1/s 117.2 118.3 122.2 127.8 132.8
S, VA 131.6 132.5 136.03 142.2 146.6
AR, , W 19.8 19.8 19.8 19.8 19.8
P, W 218 233 253 26.9 243
P, W 41.6 43.1 45.1 46.7 44.1
ufs 0.52 0.54 0.56 0.57 0.55
Table 4
Results of the study of maintaining a constant flow rate when using a proportional-interval control law
for an electric drive in a frequency converter
Quantity Values
Experience data
n, rpm 1 846 1 860 1872 1910 2012 2 308 2707 2920 2940 2940
u,Vv 243 243 245 249 264 302 355 380 380 380
I A 0.51 0.51 0.51 0.51 0.51 0.52 0.56 0.58 0.58 0.58
f, Hz 317 317 31.9 329 34.3 395 46.8 50 50 50
L, m¥s 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.042 0.028 0.022
a,, deg 90 80 70 60 50 40 30 20 10 0
P,W 80 70 80 80 90 130 200 240 240 240
M, % 224 225 22.6 22.7 254 32.2 45.7 51.3 51.3 51.3
Estimated data
o,,1/s 184.6 186 187.2 191 201.2 230.8 270.7 292 294 294
S,, VA 214.6 214.6 216.4 219.9 233.2 272 344.3 381.7 381.7 381.7
ARy, , W 19.8 19.8 19.8 19.8 19.8 20.6 238 25.6 25.6 25.6
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Ending of table 4

Quantity Values

P.,W 72.1 73 73.8 75.6 89.2 129.7 2159 261.5 263.3 263.3
P,W 92 92.8 93.6 95.5 109 150.3 239.8 287.1 288.9 288.9
ufs 0.78 0.78 0.78 0.79 0.81 0.86 0.9 0.91 0.91 0.91

Full power at the frequency converter output, VA:
S, =+3U,1,.
Electric motor rotation frequency, 1/s:
7n
0=—.
30
Electric motor electrical losses, W:

=317,

n-'s?

AP,

where r; = 25.4 — is the active resistance of the stator
phase, Ohm.

The power on the shaft of an asynchronous motor
is determined from the parameters of the frequency
converter:

where P, is the nominal power of the electric motor, W.
Active output power of the frequency converter, W:

Pn = Ps +APEM .
Fan efficiency:
PS
Ne = F :

n

The results obtained during the experimental studies

show that proportional control cannot maintain the spec-
ified flow rate. but the use of the proportional-integral
law ensures that the flow rate is maintained at the speci-
fied level of 0.048 m*/s over the entire range of the
damper position change from 0 to 90 degrees. i.e. from
fully closed to fully open. Changing the position of the
upper damper No. 1 from 0 to 90 degrees with the lower
damper No. 2 fully closed gave similar results.

Conclusion

The use of frequency converters with a direct current
link ensures smooth, soft operation of fan electric drives
in marine electrical power system. Experimental studies
confirm the absence of significant current and voltage
surges in transient processes during starts and braking
of fan electric drives. The use of an S-shaped control
law has an advantage due to the possibility of dividing
the start and braking time into stages with different ac-
celeration and deceleration rates. The task of maintain-
ing constant pressure and flow in the air duct with any
change in the positions of the air dampers can be effec-
tively and efficiently solved by using feedback and set-
ting the proportional-integral control law of the electric
drive in the frequency converter. Thus, the studies have
shown the feasibility and significant advantages of us-
ing a frequency converter to control fan electric drives
for the entire marine electrical power system.
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