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ABSTRACT

BACKGROUND: High torsional vibrations can lead to crankshaft failure. To reduce them, a damper is installed on the front
crankshaft flange of high-powered inline diesel engines. The performance of torsional vibration dampers depends both
on the damper design and the engine operating conditions. For a comprehensive assessment of damping performance,
vibration amplitude of the crankshaft front flange is monitored. Thermal profiling of liquid dampers allows to determine their
performance and characterize the changes in their thermal state based on temperature changes of the engine’s working fluid.
AIM: To study the damper thermal state and its influence on the torsional vibration damping performance.

METHODS: This study used experimental methods, conducted on an eight-cylinder automobile diesel engine. The value
of the crankshaft twist angle was determined during the operation of the diesel engine by the external speed characteristic
by torsiography on a special test bench. The thermal condition of the dampers was assessed by thermometry using special
thermocouples, the measurement was carried out at the rated operating mode of the engine.

RESULTS: Thermal profiling of torsional vibration dampers was conducted. The authors determined the relationship between
the crankshaft torsion angle, oil and damper temperature, and the warm-up time at 2,400 rpm.

CONCLUSION: The damper thermal state depends on the oil temperature in the engine pan and does not depend on the location
of the measuring points on the housing. There are minor changes of the crankshaft twist angle when operating for 1 hour
at 2,400 rpm.
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TepMoMeTpupoBaHue gemndepa KpyTUAbHbIX
KosiebaHMIi KosleHYaToro Basia aBTOMOOMIbHOIO
BOCbMULWIMHAPOBOro AU3ens

A.P. KoctuHa, B.H. Hukuwmx

KasaHckuit desnepanbHbiit yHuBepeuteT, KasaHb, Poccus

AHHOTALMUA

06ocHoBaHue. KpyTunbHble KonebaHus npu BbICOKWUX 3HAYEHMAX MOTYT MPUBOAMTL K MOOMKE KoneHdaToro Bana. [ns ux
CHUXEHMSA Ha nepefHeM hnaHLe KOMeHYaToro Bana BbICOKOQOPCUPOBaHHLIX PAAHBIX AW3eneli ycTaHaBIMBaeTca aeMndep.
3ddekTMBHOCTL MpUMeHeHNs feMNbepoB KPYTUIbHBIX KofebaHWi 3aBUCUT KaK OT KOHCTPYKTUBHbIX XapaKTepPUCTUK CaMuX
AeMndepoB, Tak U 0T ycioBuiA paboTsl Asuratens. [lns KOMNIEKCHOM oueHKM 3ddeKTMBHOCTM paboTbl AeMndepa NpoBOLAAT
MOHUTOPUHI aMnMTyabl Konebanuii nepefHero GnaHua KoneH4aToro Bana. TepMOMETpPUPOBaHUE KMAKOCTHOTO AeMndepa
no3BonisieT onpesenutb 3GGEKTUBHOCTL MX NMPUMEHEHUS, a TAKXKEe NPOC/eAMUTb XapaKTep U3MEHEHUS TEMNIOBOrO COCTOSHUSA
AemndepoB B 3aBUCUMOCTU OT U3MEHEHWS TEMNepaTypbl paboyen KUAKOCTM ABUraTens.

Lienb pabotbl — uccneoBaHMe TEMOBOr0 COCTOSHUA AeMNBepoB U ero BMSHUS Ha 3GdEKTUBHOCTL LeMMdupoBaHus
KPYTUNBHBIX KosiebaHui.

MeTogpl. B aaHHoi pabote bbiam Mcnonb30BaHbl KCNepUMEHTaNbHbIe METOAbI UCCNeA0BaHNS, NPOBOAUMBIE HA BOCbMULIM-
JIMHAPOBOM aBTOMOOMNIBHOM am3ene. BennunHa yrna 3akpyTKM HOCKa KONeHYaToro Bana onpefensnach npu pabote ausens
Mo BHELUHEN CKOPOCTHOM XapaKTepUCTUKe METOLOM TopcuorpaupoBaHUA Ha CrieLManbHoM UCTbITaTeNlbHoOM cTeHpe. Tenno-
BOE COCTOSHWE LeMndepoB OLEHWUBANOCh METOAOM TEPMOMETPUPOBAHUS, C MCMOMb30BaHWUEM CrieLManbHbIX TepMonap, U3-
MepeHWe NMPOBOAMIOCE HA HOMUHANBHOM peXKuMMe paboTbl ABuraTens.

Pe3synbTartsl. [IpoBeeHo cpaBHEHWE BENMUMH YIII0B 3aKPYTKW HOCKa KOJEHYaToro Bana ¢ AemndepoM u be3s Hero, ¢ onpege-
NIEHMEM Pe30HaHCHBIX YacToT BPaLLeHUs KosieHyaToro Bana. [lonydeHa 3aBMCMMOCTb BESIMUMHBI YA 3aKPYTKW KONEHYaToro
Bajla, TeMnepatypbl Macna 1 Aemndepa OT BpeMeHy NporpeBa Npu YacToTe BpaLleHus KosieHyatoro Bana 2400 MuH !,
3akniouenue. TennoBoe cocTosHve aemndepa onpefenseTcs TeMepaTypoit Macna B MOAJOHE [BMraTens U He 3aBUCHT
OT PacnosoXeHMs TOUEK 3aMepoB B Kopryce. Yron 3aKpyTKKU HOCKa KONeHYaToro Bana npu paboTe B TeUEHMM Yaca Ha pexu-
Me 2400 MUH™! MEHSIETCA HE3HAUMTESTBHO.

KnioueBble cnoBa: KpyTunbHble KonebaHus; AeMndep; TepMOMeTpUpOBaHKe AeMndepa; TopcuorpadupoBaHue KoneHya-
TOro Baja.
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BACKGROUND

Torsional vibrations occur in the crankshaft of multi-
cylinder automotive and tractor engines. Resonance
associated with vibrations both reduces the crankshaft
strength and results in impacts in the crankshaft gear
drives (oil pump drive and high-pressure fuel pump
drive), and increased oil and fuel consumption and engine
noise [1-3].

To reduce the amplitude of crankshaft torsional
vibrations, dampers are used. The two most common
types of dampers are rubber and viscous dampers [1].
Rubber dampers have a more streamlined design, but
they can only be effective at one resonant frequency
and cannot be placed in a confined space due to the risk
of overheating. Viscous dampers are usually effective
in almost the entire range of operating crankshaft speeds;
thus, they are widely used in engines (see Fig. 1).

Torsional vibration dampers can be installed either
outside or inside the engine.

Viscous dampers are enclosed without forced cooling.
It is a common fact that the damping performance
depends on the viscosity of the liquid used and viscosity
depends on temperature [8].

For example, Geislinger D60/14/2 marine dampers
use contact methods (thermocouples) and non-contact
methods (IR imagers). Thus, they monitor the damper
temperature using sensors at the inlet and outlet
of the oil system and the damper thermal state [4].
In addition, torsiography is used in combination with
indirect calculations [5-6]. For example, studies
conducted at the Astrakhan State Technical University
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used such calculations to predict the heating of silicone
dampers [7]. This study is aimed to investigate the thermal
state of a torsional vibration damper.

In order to evaluate the effectiveness of the damper
under different engine operating conditions, torsiography
of the crankshaft nose oscillations was carried out
with simultaneous monitoring of the temperature
of the 84H 13/12 engine damper.

To assess the damper performance in different
engine operating conditions, torsiography of the
crankshaft oscillations was performed with simultaneous
temperature monitoring of the 8CN 13/12 engine
damper.

AIM

To study the damper thermal state and its influence
on the torsional vibration damping performance.

METHODS

The damper performance was determined by the
largest amplitude of the crankshaft twist angle measured
during operation based on the full-load curve.

An eight-cylinder compression ignition engine
equipped with a torsional vibration damper in the
crankcase compartment was tested. The engine was
installed on a special test bench to perform torsion testing
of the engine crankshaft. Fig. 2 shows the equipment
installation drawing for crankshaft torsiography.

To conduct the tests, two liquid torsional
vibration dampers with installed thermocouples were
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Fig. 1. Damping performance of the front main support coupling bolt of the 8CN 12/13 diesel engine: 7, w/o torsional vibration damper; 2, w/damper.
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Fig. 2. Equipment installation for crankshaft torsiography: 1, engine; 2, washer with sensors; 3, accelerometers; 4, collector; 5, bracket; é, cables;

7, vibration meter; 8, computing device; 9, braking gear; 10, engine mounts.

manufactured. Fig. 3 shows the thermocouple layout.
Option 1 uses the detachable damper; the groove on
the supporting surface is located at the center. Option 2
uses the detachable damper; the groove on the supporting
surface is shifted to the edge.

The tests included the full-load curve (FLC)
measurement and torsiography of the engine crankshaft.
A torsional vibration damper for the engine crankshaft
was installed on the engine (option 1), to determine
the thermal state. Next, the damper was removed
and installed (option 2) and the measurements from
the previous steps were repeated.

The damper performance was assessed based on the
largest amplitude of the crankshaft twist angle measured
during engine operation and the full-load curve.
The damper thermal state was studied under the rated
operating conditions of the engine at a crankshaft speed
of 2,400 rpm. The selected engine crankshaft speed
of 2,400 rpm ensures steady-state thermal operating
conditions of the engine and the highest workload and
sensitivity of the instruments, facilitating an accurate
assessment of the engine condition and overheating
zones. Temperature measurements were taken once
in 5 minutes during 1-hour engine operation.

TEST RESULTS

Fig. 4 shows the crankshaft torsiography without a
torsional vibration damper and with two damper options.
The graph reveals that when the engine is operated without
a damper, two resonant frequencies of crankshaft rotation
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are observed. The largest amplitudes of the crankshaft
twist angles are 0.252° and 0.186° at 1,750 rpm and
1,950 rpm with 8 and 7 engine harmonics, respectively.
For reference, the largest amplitude of the crankshaft
twist angle of the 8CN 12/13 engine is 0.22° [9-11]. Thus,
the crankshaft twist angle of the 8CN 13/12 engine is by
14.5% greater than that of the 8CN 12/13 engine.

The torsional vibration damper installed on
the 8CN 13/12 engine eliminates any resonance. The twist
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Fig. 3. Thermocouple layout on dampers: option 1, the groove

on the supporting surface is located at the center (7, 2 are thermocouples);
option 2, the groove is shifted to the edge (3, 4 are thermacouples).




TEOPVA, KOHCTPYVIPOBAHVE, UCTTBITAHA

angle amplitude in the vibration resonance conditions
reduced by 2.5 times. The largest crankshaft twist angle
in the engine with a damper is 0.198° at 2,400 rpm.

Torsiography analysis shows that the damper
performance is almost identical. Both dampers operate
effectively in the range from 1,600 rpm to 2,000 rpm;
the dampers do not reduce the crankshaft twist angle
amplitude above 2,000 rpm.

Fig. 5 and Fig. 6 show the damper thermal profiling.
Thermal profiling shows that the temperature at all
measurement points is actually the same.

It is worth noting that nonuniform oil temperature in
Fig. 6 is caused by the service conditions of the diesel
engine reaching the operational conditions.

After a 30-35 minute warm-up, the damper
temperature stabilizes; at 60 minutes of engine operation
in these conditions, it is 90° and 85° for the dampers,
respectively.

The damper temperature is determined by the oil
temperature in the engine pan. It can be concluded that
the thermal state of the torsional vibration dampers
depends on the oil temperature in the engine crankcase.
The crankshaft twist angle during warm-up is marginal
for both damper options. The difference between the
largest and smallest angle is 0.006-0.008°. An exception

Tom 92, N° 3, 2025
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is the first 5 minutes of warming up in the damper
option 2 (see Fig. 6), where the difference is 0.025°.

When the engine is operated without a crankshaft
torsional vibration damper, resonance occurs at the
8th engine harmonic at 1,750 rpm with the twist angle
of 0.252°.

The torsional vibration damper eliminates this
resonance. The largest torsional vibration amplitude
of an engine with a damper is 0.198° at 2,400 rpm.

DISCUSSION

This study addresses the issue of reducing torsional
vibrations in the crankshaft of a high-power diesel
engine. The results obtained during the study, indicating
the occurrence of dangerous crankshaft twist angles
and the occurrence of resonant frequencies, confirm
that modern diesel engines cannot be operated without
the use of dampers. Torsional vibrations have a logical
explanation from a mechanical perspective. Increased
power is associated with an increase in the average
effective pressure in the cylinders, which leads to an
increase in the amplitude of the disturbing torque.
This, in turn, increases the level of torsional stress
and the risk of crankshaft failure. These findings
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Fig. 4. Relationship between the crankshaft twist angle and its speed without a torsional vibration damper and with two damper options (8, 7 are engine

harmonics).
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emphasize the importance of damper selection. Data
obtained on the thermal state of liquid dampers, namely,
the relationship between damper temperature and
oil temperature, make it possible to monitor damper
performance under real-world conditions.

CONCLUSION

When the engine is running without a damper, resonant
crankshaft speeds occur, with a crankshaft twist angle
of 0.252°. The damper thermal state depends on the
oil temperature in the engine pan and does not depend
on the location of the measuring points on the housing.
There are minor changes of the crankshaft twist angle
when operating for 1 hour at 2,400 rpm. The results
of the damper efficiency study, which combines crankshaft
torsiography and damper temperature measurements,
provide a comprehensive analysis not only for assessing
torsional loads but also for evaluating the thermal state
of the liquid dampers. An important practical result
of the study is the proof that the thermal state of the
liquid damper is determined by the oil temperature in
the engine pan. This directly contributes to increased
reliability and the prevention of resonant failure of engine
crankshafts.
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