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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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Термометрирование демпфера крутильных 
колебаний коленчатого вала автомобильного 
восьмицилиндрового дизеля
А.Р. Костина, В.Н. Никишин
Казанский федеральный университет, Казань, Россия

АННОТАЦИЯ
Обоснование. Крутильные колебания при высоких значениях могут приводить к поломке коленчатого вала. Для их 
снижения на переднем фланце коленчатого вала высокофорсированных рядных дизелей устанавливается демпфер. 
Эффективность применения демпферов крутильных колебаний зависит как от конструктивных характеристик самих 
демпферов, так и от условий работы двигателя. Для комплексной оценки эффективности работы демпфера проводят 
мониторинг амплитуды колебаний переднего фланца коленчатого вала. Термометрирование жидкостного демпфера 
позволяет определить эффективность их применения, а также проследить характер изменения теплового состояния 
демпферов в зависимости от изменения температуры рабочей жидкости двигателя.
Цель работы — исследование теплового состояния демпферов и его влияния на эффективность демпфирования 
крутильных колебаний.
Методы. В данной работе были использованы экспериментальные методы исследования, проводимые на восьмици-
линдровом автомобильном дизеле. Величина угла закрутки носка коленчатого вала определялась при работе дизеля 
по внешней скоростной характеристике методом торсиографирования на специальном испытательном стенде. Тепло-
вое состояние демпферов оценивалось методом термометрирования, с использованием специальных термопар, из-
мерение проводилось на номинальном режиме работы двигателя.
Результаты. Проведено сравнение величин углов закрутки носка коленчатого вала с демпфером и без него, с опреде-
лением резонансных частот вращения коленчатого вала. Получена зависимость величины угла закрутки коленчатого 
вала, температуры масла и демпфера от времени прогрева при частоте вращения коленчатого вала 2400 мин-1.
Заключение. Тепловое состояние демпфера определяется температурой масла в поддоне двигателя и не зависит 
от расположения точек замеров в корпусе. Угол закрутки носка коленчатого вала при работе в течении часа на режи-
ме 2400 мин-1 меняется незначительно. 

Ключевые слова: крутильные колебания; демпфер; термометрирование демпфера; торсиографирование коленча-
того вала.
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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 

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 8ЧН 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 

Fig. 1. Damping performance of the front main support coupling bolt of the 8CN 12/13 diesel engine: 1, w/o torsional vibration damper; 2, w/damper.
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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 

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 

Fig. 2. Equipment installation for crankshaft torsiography: 1, engine; 2, washer with sensors; 3, accelerometers; 4, collector; 5, bracket; 6, cables; 
7, vibration meter; 8, computing device; 9, braking gear; 10, engine mounts.

Fig. 3. Thermocouple layout on dampers: option 1, the groove 
on the supporting surface is located at the center (1, 2 are thermocouples); 
option 2, the groove is shifted to the edge (3, 4 are thermocouples).
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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 

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 

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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Fig. 5. Relationship between the crankshaft twist angle, oil temperature, and damper temperature (option 1) in points 2, 3, 4 and the warm-up time 
at 2,400 rpm.

Fig. 6. Relationship between the crankshaft twist angle, oil temperature, and damper temperature (option 2) in points 2, 3, 4 and the warm-up time 
at 2,400 rpm.
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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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