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Abstract. The results of the design and construction of an experimental installation for studying transverse, torsional,
axial and related vibrations of a ship's shaft line are presented. The analysis of publications devoted to the research
of dynamic phenomena accompanying the operation of the propulsive complex is carried out. It is noted that in order
to increase the accuracy of calculation methods and experimental data, the mechanical vibrations of the shafts must be
considered as combinations, i.e., not isolated. The design of an experimental installation is described, the operation
of which is close to the real operating conditions of the shaft pipeline. The general principles of experiments that can
be carried out when using individual components of the device are given. The operation of the installation components
determines the list and range of experimental factors. The results of work on assessing the operability of the construct-
ed installation by sequentially switching on components and evaluating their effect on the stress-strain state of the
shaft pipeline are presented. The vibration parameters were recorded by strain gauge measuring equipment mounted
on the shaft surface. The measurement results are presented in the form of tensograms of transverse, torsional and axi-
al vibrations of the shaft. The analysis of experimental data revealed the presence of separate zones of dynamic insta-
bility when the corresponding components of the installation are switched on. Boundaries are defined for each dynam-
ic instability zone and normal and tangential mechanical stresses are estimated. The design of the installation makes it
possible to increase the accuracy of studies of both individual types of vibrations of the ship's shaft line and their
combinations by increasing the accuracy of simulating the operation of the shaft line in real operating conditions. The
main area of scientific research that will be conducted on this device is devoted to solving theoretical and experi-
mental problems of improving the reliability of marine power plants.
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AnHoTtanms. [IpencraBieHs! pe3ynbTaThl IPOSKTUPOBAHUS M MOCTPOMKH IKCIEPUMEHTAIBHON YCTAHOBKH IS H3yde-
HUS TTOTIEPEYHbIX, KPYTHIBHBIX, OCEBBIX M CBSI3aHHBIX KOJIEOaHUI CyIOBOTO BajJompoBoza. [IpoBeneH aHamu3 myoiu-
KallMi, MOCBSIEHHBIX UCCIEI0BAHUAM JANHAMHYECKUX SIBJICHUH, CONPOBOXKIAIOUIMX pabOTy MPOIYJIbCHBHOTO KOM-
rwrekca. OTMedeHOo, YTO AT MOBBIMICHHS! TOYHOCTH METOAMK pacuera M SKCIIePUMEHTAIBHBIX JaHHBIX MEXaHUIECKHe
KoJIeOaHNs BaJIOB HEOOXOIMMO pacCMaTpUBaTh Kak KOMOWHAINH, T. €. HeH30JIUpOBaHHO. OmHcaHa KOHCTPYKITHS KC-
MIepHMEHTAIBHON YCTAaHOBKH, paboTa KOTOpOH NMpuOIMkeHa K peaJbHBIM YCIOBHSM JKCILUTyaTal[iH BaJOIPOBOIA.
[MpuBeneHs! o0II¥e TPUHIUITEI SKCIIEPUMEHTOB, KOTOPBIE MOJKHO MPOBECTH IPH HCIIOIB30BAaHUH OT/IEIBHBIX KOMITO-
HEHTOB YCTpoiicTBa. PaboTa KOMIIOHEHTOB YCTAHOBKH OIpE/eIsieT MepeueHb U Anana3oH (HakTOPOB SKCIEPUMEHTOB.
[IpencraBneHbl pe3ynbTaThl pabOTHI IO OLEHKE PadOTOCTIOCOOHOCTH MOCTPOCHHOM YCTaHOBKH ITyTEM IOCIIEI0BATEl b-
HOT'O BKJIIOUCHUSI KOMIIOHEHTOB M OLIEHKH MX BJIMSHHS Ha HANPSDKEHHO-Ie(OPMHUPOBAHHOE COCTOSIHUE BaJOMPOBOA.
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Perncrpamnms mapameTpoB KosieOaHWH OCYIIECTBIUIACh TEH30METPHUECKOH M3MEpPHUTENLHON amlmapaTypoi, 3aKpern-
JIEHHO! Ha MOBEPXHOCTH Bajia. Pe3ynbTaTel H3MepeHuit MpeIcTaBIeHb] B BUAE TEH30TPaMM TIONEPEUHbIX, KPYTHIBHBIX
U OCEBBIX KoJeOaHMI Bana. AHANU3 SKCIEPUMEHTAIBHBIX JAHHBIX BBISBHI HAJMYHE OTACIBHBIX 30H AUHAMHUYECKOI
HEYCTONUMBOCTH MPHU BKIIOUEHHH B pabOTy COOTBETCTBYIOLIMX KOMIIOHEHTOB YCTaHOBKHU. JIJIst KaXI0i 30HBI AWHA-
MHYECKOH HEYCTOMYIMBOCTH OIpPEAENICHbI TPAHHIBI U OIIEHEHB HOPMAaNbHbIE U KacaTelbHbIE MEXaHUUECKHE HaMpsiKe-
HUs. KOHCTpYKIMS yCTaHOBKH MO3BOJISIET MOBBICHTH TOYHOCTH HCCIIEOBAaHHUN KakK OTJEIBHBIX BUAOB KoJeOaHHUH Ba-
JONPOBOJA CyAHA, TaK M WX KOMOWHAIMH 3a CYET IOBBIIICHHWS TOYHOCTH HMMHTAIWH paboTHl BaJOIPOBOAA
B PEAIbHBIX YCIOBHAX dKCIuTyaTtanuu. OCHOBHOE HalpaBiIeHHe HAyIHBIX MCCIEIOBaHUH, KOTOPEIe OyIyT MPOBOANUTH-
csl Ha JaHHOM YCTPOMCTBE, IOCBAIIEHO PEIICHUIO TEOPETHUECKUX U SKCIEPUMEHTATIbHBIX 331a4 MOBBIIIEHHS HAlEK-
HOCTHU CyJIOBBIX SHEPTETUUECKUX YCTaHOBOK.

KnioueBble ci1oBa: xonebaHUs CyZOBOTO BalONPOBOJA, SKCIICPUMEHTANIbHAs YCTaHOBKA, KOMOMHALMHN KoJeOaHUH,
pe3oHaHC KoneOaHuil, I3MepHUTeNIbHAs anapaTrypa

s uutupoBanus: Kywmnep I. A., Mamonmos B. A., Pomanenxo H. I'., I'onosxo C. B. Pa3paboTka 3kcriepuMeH-
TaJIbHOW YCTAHOBKH JUISI MCCIEIOBAaHUI KoJjebaHuii CymoBoro BajomnpoBoaa // BecTHuk AcCTpaxaHCKOTO rocynap-
CTBEHHOTO TeXHHUYecKoro yHuBepcutera. Cepus: Mopckas TexHuka W TexHojorums. 2025. Ne 4. C. 63-69.
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Introduction

A ship's propeller shaft is designed to connect the
ship's main engine to the propeller and transmit both
torque and axial forces. This operation is accompanied
by elastic deformations of the shafts, including bend-
ing, torsion, and compression. Shaft line vibrations are
a variable component of these deformations and are
particularly important for the reliability of the ship's
propulsion system, as they can pose a risk to its per-
formance. Torsional, lateral, and axial shaft line vibra-
tions cause additional alternating stresses in the main
propulsion system components, reducing their load-
bearing capacity. Resonance phenomena accompany-
ing the vibrations can lead to fatigue cracks and shaft
failures, and, consequently, to emergency situations
threatening the lives of the crew and the ship.

The above circumstances emphasize the need for
a comprehensive study of the vibrations of marine propel-
ler shafts and the processes associated with them. Current
research on this topic utilizes both analytical [1-3] and
experimental methods on ships and experimental plants
(experimental installations) [4-6]. The conducted analysis
of publications allows us to conclude that a significant
portion of the research results are devoted to isolated tor-
sional, transverse, and axial vibrations, and only a small

portion of the work is devoted to the consideration
of vibrations in non-isolation from each other [7, 8]. The
requirements of classification societies recognize torsion-
al vibrations as the main threat to the reliability of propel-
ler shafts; however, their study without taking into ac-
count the combined influence of transverse and axial
vibrations reduces the accuracy of both the analytical
model and the resulting experimental data [9].

The article presents the results of solving the problem
of designing and constructing an experimental setup for
studying the parameters of both individual types of vibra-
tions and their combinations (coupled transverse-
torsional, transverse-longitudinal, torsional-longitudinal).

Design of the experimental setup

Conducting multifactorial experiments to study vi-
brations in the propeller shafts of full-scale ships is
a labor-intensive and expensive undertaking, which can
be significantly simplified by constructing an experi-
mental setup. The setup was designed based on consoli-
dated domestic experience in constructing setups simu-
lating the operation of marine propeller shafts [10-12]
and existing proprietary developments [8, 13]. The gen-
eral appearance of the installation is shown in Fig.1.
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Fig. 1. Experimental setup for studying vibrations of a ship's propeller line:
1 — metal frame; 2 — shaft; 3 — plain bearings; 4 — stands; 5 — asynchronous motor; 6 — sleeve coupling;
7 — load generator; 8 — double-groove V-belt drive; 9 — frequency converter; 10 — power unit; 11 — metal disk;
12 — load unit support; 13 — electromagnet; 14 — electromagnet control unit;
15 — rotor part of the vibration recording device; 16 — stator part of the vibration recording device
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The setup consists of a frame supporting an asyn-
chronous motor. The motor shaft is connected to the
shaft of a frame-mounted load generator with a power
unit via a V-belt drive. The asynchronous motor is
flanged to the shaft, which rests on extended bearings
with bushings. The extended bearings are secured to
height-adjustable stands. A housing containing strain
gauge measuring equipment is attached to the shaft sur-
face, linked via radio to a signal receiver for the measur-
ing equipment. A metal disk is attached to the right end
of the shaft, and an alternating current (AC) electro-
magnet with a built-in control device is also mounted on
the right side of the frame. The proposed setup design
improves the accuracy of ship propeller shaft simulation
and expands the range of experimental studies of cou-
pled and individual transverse, torsional, and longitudi-
nal vibrations of propeller shafts.

Features of planning and conducting experiments

The main goal of conducting experimental studies
on the proposed setup is to verify the adequacy
of mathematical models based on assessing the influ-
ence of various factors on the amplitude-frequency
response of oscillations. Such studies are considered
active experiments, where the phenomenon is studied
across the entire range of factors, not smoothly, but
only at specific points (minimum, midpoint, maxi-
mum). After obtaining data at these points, intermedi-
ate values are calculated to obtain an analytical de-
scription of the response function.

The operation of the setup's components deter-
mines the range and factors of the experiments. An
asynchronous motor transmits torque to the shaft via
a V-belt drive. To study the torsional vibration param-
eters of the shaft line at various shaft speeds, it is nec-
essary to generate a pulsed rotating or braking torque
with adjustable parameters: amplitude, frequency, and
duty cycle, as well as an adjustable braking torque.
Torsional vibrations during rotation of the shaft with
a disk-shaped flywheel mass are excited using a load
generator with a power unit, which is an electric ma-
chine operating in generator mode and creating a vari-
able braking load. The braking torque of the load gen-
erator is determined by changing the current in the
generator's armature winding, which is provided by
a power unit with an electronic generator with variable
frequency, amplitude, and pulse duty cycle. The main
component of the device is a transistor multivibrator
with adjustable frequency and pulse duty cycle. The
oscillation frequency, pulse duty cycle, and generator
output signal level are set by variable resistors. The
oscillation frequency is determined by the capacitance
of the capacitors. The circuit is powered by an external
power supply.

The study of transverse vibration parameters is en-
abled by the ability to regulate the excitation load fre-
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quency by varying the asynchronous motor shaft speed
using a frequency converter. The study of transverse
vibration resonance is possible by varying the oscilla-
tory system parameters: liner material, bearing clear-
ance, shaft material and diameter, support arrange-
ment, and shaft alignment.

To study longitudinal vibrations during operation
of the installation, the possibility of magnetic interac-
tion between a disk made of ferromagnetic material and
an AC electromagnet with a control device with a given
amplitude, frequency and duty cycle is provided.

Experiments to study transverse-torsional vibra-
tions of a shaft line are possible by simultaneously
operating a load generator with a power unit, varying
the frequency, amplitude, and duty cycle, and by
changing the flywheel mass (disk size) and selecting
system parameters that alter the transverse vibration
parameters (liner material, plain bearing clearance,
shaft material and diameter, support arrangement, and
shaft alignment), as well as the shaft rotational speed.
When the frequency of external forces matches or is
a multiple of the system's natural vibration frequency,
the strain gauge instrumentation obtains experimental
data on the resulting resonance. Similarly, the setup
allows for the study of combinations of transverse-
longitudinal and torsional-longitudinal vibrations.

Thus, when conducting research on an experi-
mental setup, the ability to vary a number of factors is
provided. When planning an experiment, for each fac-
tor, taking into account the fundamental limitations,
the range of variation can be estimated, within which
the baseline level and variation interval are selected.

Evaluation of the performance of the experi-
mental setup

The setup includes a 3 kW AIR100S4 asynchro-
nous motor with a shaft speed of up to 1 500 rpm,
which drives a 1-meter-long shaft made of grade 35
steel with a diameter of 25 mm. A 200 mm-diameter
metal disk weighing 2 kg is attached to the right end
of the shaft. The motor shaft speed is varied during the
experiment using a frequency converter. The load gen-
erator with a power unit is a P22M electric motor with
a power of 0.95 kW and a shaft speed of up to 1 500 rpm,
operating in generator mode and creating a variable
braking load with an integrated power unit. Extended
supports with a casing and a bushing simulate the op-
eration of a propeller shaft resting on bow and stern
tube bearings. The internal diameter of both bushings
is 25 mm; the bushings can be replaced with larger
internal diameter liners in 0.5 mm increments up to
28 mm. The liner material is caprolon; fluoroplastic,
rubber, and babbitt can also be used. The supports,
which are height-adjustable, allow the shaft axis posi-
tion to be adjusted relative to the asynchronous motor
axis by up to 5°, depending on the selected liner di-
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ameter in extended supports. A housing with strain  verter. A receiver of the measuring equipment signals is
gauge measuring equipment is fixed to the shaft surface.  mounted on the lower part of the frame: a Radio Chan-
The equipment includes: 2FKP-5-400 strain gauges nel-to-CAN interface converter, an Ethernet/Wi-Fi-to-
connected in a bridge circuit, a strain gauge witha CAN  CAN interface converter [8]. The setup components are
interface, and a CAN-to-radio channel interface con- mounted on a fixed frame (Fig. 2).

Fig. 2. Components: 1 — electric motor; 2 — load generator; 3 — shaft;
4 — device for recording vibration parameters; 5 — power unit

The system's performance was tested by sequen-  state. The vibration parameter measurement results are
tially connecting the system's components and as-  shown in Fig. 3-5.
sessing their impact on the shaft line's stress-strain
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Fig. 3. Experimentally obtained tensogram of vibrations during transverse vibrations of the shaft
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Fig. 4. Experimentally obtained oscillation tensogram during simulation of torsional oscillations
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Fig. 5. Experimentally obtained tensogram of oscillations under periodic axial load on the shaft

Transverse vibrations of the shaft were recorded by
measuring equipment at engine speeds ranging from
50 to 1 000 rpm. With a diametrical clearance of 3 mm
in the aft bearing, the shaft detached from the bearing in
the near-resonance and resonant zones. Consequently,
the resonance phenomenon was observed not at a single
frequency, but across the entire frequency range. Nor-
mal stresses in the ranges from 420 to 460 rpm and from
540 to 575 rpm reached 7 and 9 MPa, respectively.

Torsional vibrations of the shaft line were simulat-
ed by activating a load generator while the shaft rotat-
ed at a constant frequency of 50 rpm. The oscillation
strain gauge recorded a region of dynamic instability
between the 7-th and 12-th seconds of operation. Tor-
sional vibration stresses did not exceed 5 MPa.

The variable axial load reached 6 MPa at a frequen-
cy of 20 Hz. The influence of shaft deflection during
rotation was eliminated by using a built-in digital filter.

Conclusion

The developed experimental setup allows for the
study of ship propeller shaft model vibrations: longitu-
dinal, transverse, torsional, and their combinations.
The novelty of the technical solutions is demonstrated
by the following elements:

1. The installation of a load generator with a power
unit and its shaft connected to the asynchronous motor
shaft via a V-belt drive allows for the modeling
of torsional vibrations of ship propeller shafts for study
by transmitting a pulsed torque between the shafts with
adjustable parameters: amplitude, frequency, and duty
cycle.

2. Extended supports with bushings of varying

clearances allow the setup's operation to approximate
conditions typical of a ship's propeller shaft.

3. Making the supports height-adjustable expands
the scope of research into the influence of shaft align-
ment on transverse vibration parameters.

4. Mounting a housing with strain gauge measuring
equipment on the shaft surface allows for the place-
ment of primary transducers, sensors, and a signal
transmitter in close proximity to the object of study,
which improves the accuracy of the obtained experi-
mental data and reduces transmission time. Mounting
a receiver for measuring equipment signals in the low-
er part of the frame ensures safe experimental studies
and the ability to connect a computer for signal trans-
mission via wires.

5. Mounting an AC electromagnet with a built-in
control device enables longitudinal vibration studies.

The design of the experimental setup allows for in-
creased accuracy in studying both individual types
of propeller shaft vibrations and their combinations by
increasing the accuracy of simulating propeller shaft
operation under real operating conditions.

Conducting subsequent experimental studies and
processing the dataset will allow us to study the com-
bined effects of vibrations on the reliability of marine
propeller shafting. The results of these studies can be
extended to structurally similar full-scale propeller
shafting systems based on the geometric, kinematic, and
dynamic similarities of the processes. The obtained ex-
perimental data will allow us to establish relationships
for predicting the dynamic properties of propeller shaft-
ing systems based on fundamentally new phenomena.
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