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The purpose of this study was to solve the problem that the damping of rubber
or silicone oil torsional dampers used in crankshafts is not adjustable and cannot
effectively control torsional vibration at different resonant frequencies. Based
on the controlled rheological properties of magnetorheological (MR) smart
materials, this study designed a new type of variable damping MR torsional
damper (MRTD) and proposed a semi-active control method to effectively
control the torsional vibration of the crankshaft under multiple harmonic
resonances. First, a mechanical model of the MRTD and a lumped
parametric mass model of the crankshaft system were developed, and the
resonance frequency harmonic range of the crankshaft system operation was
determined by the torsional vibration characteristics analysis. Then a semi-
active skyhook control method for the MRTD was proposed, and a joint control
simulation analysis was performed using Amesim and Matlab software. The
torsional vibration control effects of the crankshaft system with no damper,
MRTD with different damping coefficients, and MRTD with skyhook control
under acceleration and uniform speed conditions were comprehensively
investigated. The simulation results indicated that the skyhook damping
control significantly reduced the torsional vibration amplitude under both
acceleration and uniform speed conditions, verifying the effectiveness of the
skyhook-based control strategy for MRTD.

KEYWORDS

magnetorheological fluid, torsional damper, crankshaft system, semi-active control,
skyhook damping control

1 Introduction

The crankshaft system is subjected to periodic inertia moment, which causes torsional
vibration of the crankshaft (Xiong 2019). Severe torsional vibration will lead to fatigue
damage of the crankshaft (Sun et al., 2016), wear of meshing gears (Shen et al., 2018),
harmful noise (Zhong et al., 2020), and loss of transmission energy (Zhang 2013).
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Therefore, effective torsional vibration suppression measures
should be adopted to control the torsional vibration of the
crankshaft in a suitable range to ensure the reliability of the
system.

Currently, passive vibration dampers, such as silicone oil
viscous dampers (Li and Zhang 2020; Venczel et al., 2021a;
Venczel et al.,, 2021b) and rubber dampers (Penkov 2008; Ning
et al., 2013; Willenborg and Kroger 2017), are usually adopted
to protect the engine camshaft and crankshaft from the possible
damage caused by torsional vibrations and help to avoid the
barred speed ranges. The vibration energy is converted into
heat, which then dissipates from the damper’s surface into the
ambient air. In addition, some studies have put forward
compound or hybrid vibration reduction methods on the
basis of the abovementioned facts. Yu (2003) designed a
torsional-bending composite rubber damper, and Hasmet.
(2021) used a hybrid damping method to optimize the
design of the damper for damping, which illustrates that a
hybrid damping method is more effective than a single damping
method.

However, after the design of the passive torsional damper is
completed, the dynamic parameters, including damping and
stiffness, will be fixed (Ngoc et al, 2018). It means that the
deviation of processing and installation technology, the
temperature-dependent performance decay, and other factors,
may cause problems such as poor performance matching
between the designed torsional dampers and crankshaft
system and narrow tuning range (Sinyayski 2019). The
damper based on magnetorheological fluid (MRF) intelligent
material has the excellent characteristics of adjustable damping,
wide dynamic range, fast response, and low power consumption
(Deng et al,, 2022) and is widely used in various intelligent
vibration suppression applications (Ahamed et al., 2016; Lin and
Jheng 2017; Krauze et al,, 2018; Zhou et al,, 2021), including
crankshaft As the
magnetorheological torsional damper (MRTD), many scholars

torsional  vibration damper. for
have performed relevant research and exploration works. Wang
et al. (2018) studied the torsional vibration control method of
which

vibration. Philipp et al. (2017) carried on the simulation

engine/helicopter, effectively ~suppressed torsional
optimization design to the torsional vibration damper. Ye and
Williams (2005) studied the torsional vibration control of MRF
brake and proposed a new torsional vibration control method. In
addition, Dong et al. (2020) designed a variable damping and
variable stiffness torsional damper, which effectively suppressed
the torsional vibration of the vehicle transmission system. But
less research work has been conducted on the engine torsional
vibration of crankshaft systems, and several of the research works
have focused on the design of structural components for torsional
dampers (Christopher 1992; Shook 2008; Abouobaia et al., 2015);
there are few studies on control strategies. Thus, how to design a
reasonable and effective control strategy to realize adaptive

vibration control of the crankshaft system is of great significance.
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In this study, the principle and structural mechanics of a
variable damping torsional damper are analyzed, and a torsional
vibration model of the crankshaft system is developed for engine
crankshaft torsional vibration. In addition, Amesim and Matlab
are used for co-simulation, and the torsional vibration of the
crankshaft under various working conditions is discussed. The
vibration of the crankshaft with and without dampers installed
at the free end of the crankshaft and the influence of the
damping coefficient on the torsional vibration of the
crankshaft are studied. Finally, the skyhook damping semi-
active control method is proposed, and simulation results show
that it has a preferable damping effect and also provides a
theoretical basis for the design of future crankshaft system
control methods.

2 Design principle of MRTD with
variable damping

2.1 Dynamic parameter analysis of
torsional damper

The MRTD studied in this research study adopts a vibration-
absorbing mode of operation. Based on the theoretical analysis of
the engine crankshaft system torsional vibration model, the
crankshaft system is equivalently transformed into a single-
degree-of-freedom undamped system with a torsional damper
attached to the shaft end to form a double torsional pendulum
system (Hoang 2013), and the natural frequency and system
energy of the system before and after simplification remain
unchanged. The equivalent model diagram of the double
torsional pendulum system is shown in Figure 1. The
response characteristics of each dynamic parameter to the
crankshaft torsional vibration system are analyzed, and the
setting principle of those parameters in the device design is
discussed so as to achieve the minimum torsional vibration
response amplitude of the crankshaft system.

An MRTD is installed at the free end of the crankshaft to
achieve the desired damping state by controlling the current and
varying the damping coefficient. The mechanical equations of the
model are shown in Eq. 1.

],,éd+Kd(0d—0g) +Cd(9d —ég) =0 )
Ty + K0, + Ka(0 — 04) + Ca( 0 — 04) = Me™".

Eq. 1 is the external disturbance moment; w is the external
disturbance force frequency, and M is the external disturbance
torque. The solution to this equation is shown in Eq. 2.

0 = [0.6,]" ™, @
Ve, V

0= -2 0, = =%, 3

d v g v ( )

where
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Equivalent model diagram of the double torsion pendulum system

V= Kys-Js+iwC; -K,—-iwCy (4)
T| -Ki-iwCy K+ Ky~ Jow +iwCy|’
_ 0 —Kd - lWCd
Va=IyM K+ K, —JW +iwCy | )
_ K, —]dwz +iwCy 0 |
Vg - —Kd - IWCd M ’ (6)

In the above equations, 0;, J;, K;, and C; are the torsional
angle, rotational inertia, torsional stiffness, and the torsional
the
subscript 7 is the g and d, it refers to the engine

damper damping coefficient, respectively, where
equivalent crankshaft system and the torsional damper,
respectively.

The amplification factor of torsional vibration R is the ratio
of the static variable of the crankshaft system to the amplitude of
the shafting main vibration system; the expression is shown in

Eq. 7.

(-0) + 2oy

R=2%_ . ()
Ay \ [,,czaz - ((2 - 1)((2 —,12)]2 +4ny?

where Ay is the shaft system main vibration system amplitude,

A, is the shaft system static shape variable, { = 3is the frequency

ratio, y = ;—d is the inertia ratio, n =1 — (4 + 1){2, y = z%dp is the

is the fixed ratio, p = \/7]—(9 is the crankshaft
9

wy
P g
system self-oscillation frequency, and wy is the damping damper

damping ragtio, A=

frequency.
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As can be seen from Eq. 7, for the amplification factor of
torsional vibration, the damping effect of the crankshaft system
with the crankshaft torsional damper installed is mainly
determined by inertia ratio, setting ratio, and damping ratio.
The greater the dynamic amplification factor, the more violent
the vibration. The effect of these three factors on torsional
vibration can be seen in Figure 2.

The damping ratio, inertia ratio, and setting ratio of the
torsional damper have an obvious effect on the dynamic
amplification factor of the crankshaft system. Since the inertia
ratio and setting ratio are determined during device design, the
damping ratio needs to be changed to attenuate the vibration.
Therefore, it is required to design an effective control method to
output the optimal damping in real-time.

2.2 MRTD structure and mechanical
model

In the MRTD structure design, the crankshaft MRTD
designed in this study is a disc-type structure of the damper.
The structure includes the shell, end cover, and inertia block, as
shown in Figure 3, where the yellow part is the magnetic
induction line. The free end of the crankshaft is connected to
the outer casing of the MR damper, and the outer casing and
inertia block are filled with MRF. The outer shell is fixed at the
free end of the crankshaft, and when working, torsional vibration
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FIGURE 2
Parametric analysis of torsional dampers; (A) Damping ratio; (B) Fixed ratio; (C) Inertia ratio.
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FIGURE 3
MRTD model diagram.
occurs with the shafting. Owing to the inertia block and the outer moves relative to the inertia block, and the energy of torsional
shell not being directly connected, it keeps uniform rotation vibration is consumed by adjusting the appropriate damping due
under the influence of its own inertia. At this time, the outer shell to the filling of magnetorheological fluid. When the current is
Frontiers in Materials 04
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Mechanical characteristics of MRTD; (A) Angular rotation; (B) Angular velocity.

changed, the magnetic field in the MR damper changes, and thus
the damping of the MRF change to achieve the effect of vibration
control. The basic parameters of MRTD are damping:
0.00427 kg.m? and stiffness: 8000 Nmy'rad.

When applying MRF to semi-active control, a suitable
parametric model is required due to its strong non-linear and
hysteretic characteristics. The hyperbolic tangent model used in
this study has the advantages of simple structure, easy
identification of model parameters, and easy solution of the
inverse model. The damping force expression is as in Eq. 8.

F = cx + kx + atanh (Bx + 8sign (x)) + f,, (8)

where c is the damping coefficient; k is the stiffness coefficient; a
is the proportional coefficient related to the hysteretic
characteristics; 8 is the proportional coefficient related to the
slope of the hysteretic curve; § is the half-width of the hysteretic
curve; and f is the bias force.

In this study, relevant data are used to identify and fit the
parameters of the model, and the nonlinear relationship between
current and parameters is obtained (Dong et al., 2020). As shown in
Figure 4, after obtaining the complete mechanical equation, the
output of the relationship between the current and the damping
force is used to pave the way for the damping control of the MRTD
later, and the mathematical model is established to lay the
foundation for the design of the control algorithm later.

3 Analysis of torsional vibration
characteristics of the crankshaft
system

3.1 Crankshaft system dynamics modelling

To model the corresponding dynamics of torsional
vibrations in the crankshaft system, an MRTD is installed

Frontiers in Materials

at the free end of the crankshaft, as shown in Figure 5. When
the engine crankshaft is working, the damping of MRTD is
adjusted by changing the current so as to change the natural
frequency of the crankshaft system and achieve the effect of
frequency shift to weaken the resonance of the crankshaft
when it is working.

For the analysis of the dynamics of the crankshaft system,
this study establishes a concentrated mass model of the
crankshaft system. This model has the advantages of
simplified component calculation and small deviation of
model calculation results, so it is widely used. The model is
shown in Figure 6. According to the principle of energy
conservation, the crankshaft system is simplified to an
equivalent system consisting of an inelastic inertia disc and
a massless elastic shaft.

Simplification of elastic, inertial, and damping variables
according to the equivalent model of torsional vibration of the
crankshaft system, the following kinetic equation can be
obtained:

Ji0 +Ci (8- 6,) + K, (6, -6,) =T

J20, + C; (0, — 05) + K5 (0, - 0;) = C, (6, - 6,) + K, (6, - 6,) = 0
J305 + C3 (05 — 04) + K5 (05 — 6,) = C,(0, - 0;) + K, (6, - 05) =0
J401+ Cy (0, —05) + Ky (04— 05) = C5(0; — 0,) + K5 (05— 0,) =0
J505 + Cs (05 — 0s) + K5 (05 — 05) = C4 (04— 05) + K4 (04 — 05) = 0
J60s + Cs (05 — 65) + K5 (05 — 66) = 0

)]

In the equation established from the model, J; (i = 1-6)
represents the rotational inertia of each segment of the
crankshaft; K; (i = 1-5) is the torsional stiffness between each
mass point; C; (i = 1-5) is the damping between each inertia,
respectively; and 0; (i = 1-6) is the torsional angle of each inertia.

The above differential equation is represented by the
matrix as

{6} + [C1{6} + [K1{6} = T. (10)
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FIGURE 5
Schematic diagram of the crankshaft system (top). Schematic diagram of the crankshaft system with MR damper installed (bottom). 1. Free end
of crankshaft 2. First cylinder piston 3. Second cylinder piston 4. Third cylinder piston 5. Fourth cylinder piston 6. Flywheel.

FIGURE 6
Equivalent model of crankshaft system torsional vibrations.
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TABLE 1 Main parameters of the crankshaft system.

Rotational inertia (kg.m?)

i 0.00231
I 0.00545
s 0.00556
Ta 0.00556
Js 0.00562
Js 0.0754

In Eq. 10, [J] is the system rotational inertia matrix; [C] is the
system damping matrix; [K] is the system stiffness matrix; T is
the system excitation moment; and {0} is the angular
displacement vector of the crankshaft.

3.2 Torsional vibration analysis of
crankshaft systems

In order to better study the torsional vibration characteristics,
the free vibration and forced vibration of crankshaft systems are
analyzed. In this study, a simplified calculation is performed
according to the parameters of a certain four-cylinder engine.
The required inertia and stiffness parameters of the crankshaft
system are shown in Table 1. The general free mode is only
related to the rotational inertia and torsional stiffness, so the
damping parameters are not used in solving the free vibration.

According to Egs 1 and 2 and the values of each parameter in
Table 1, the inherent frequencies of the free vibration of the
crankshaft system can be calculated, and the modal diagram of
the inherent frequencies can be obtained by using MATLAB
simulation, The first five inherent frequencies are shown in Table 2.

The calculated modal diagram for the first five inherent
frequencies of the crankshaft system is shown in Figure 7.

As can be seen from the vibration pattern diagram, in the first
three orders of the inherent frequency, 2, 3, 4, 5, these mass
points’ vibration pattern amplitude change more. Therefore,
when the excitation frequency of the system and the inherent
frequency are the same, the vibration caused by crankshaft
resonance can cause damage to components, which will affect
the service life of the crankshaft.

By establishing the differential equations for a simplified
parametric model of the crankshaft system fitted with an MRTD,
the inherent frequency of the crankshaft system fitted with the
MRTD is calculated using the previous calculation method, and
the harmonic order of its resonance is solved. The first four
orders of the solved inherent frequencies are as follows.

wy, = Orad/s wy = 1137.7rad/s w; = 2188.2rad/s
w, = 4342.5rad/s
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Torsional stiffness (10°Nm/rad)

K, 0.34
K, 1.35
K; 1.35
Ky 1.35
Ks 2.84
TABLE 2 Intrinsic frequency values of the crankshaft system.
Number of 1 2 3 4 5
steps
Inherent frequency (rad/s) 0 1927.8 4032.7 5959.7 8382.4

According to the natural vibration frequency of the engine
crankshaft, the resonance speed of the crankshaft can be
obtained. That is, the external disturbance torque causing
resonance is determined jointly with the working speed of the
engine. The calculation for determining the harmonic times v is
as follows:
2nn _ 27N,

om_ 2 1
Y760 ~ 60 an

W=

vn=N,, (12)

where n is the crankshaft speed, and N, is the operating
frequency of the interfering torque.

Taking the engine’s operating speed range of the minimum
speed as 71, the maximum speed as 71,,,y, and the crankshaft
system of the inherent frequency as Ni; then, trigger the
crankshaft resonance of the harmonic range is

N,
Vimax =
N min
13
N, (13)
Y min =

When the number of resonant harmonic moments
increases, the vibration amplitude decreases. Therefore, for
the higher harmonic times (12 times or more) of the shaft
resonance, the resonance amplitude caused is relatively small,
and the harm caused to the crankshaft is not significant, so it
is not considered for the time being.

This research work studies a four-cylinder engine, and its
working range is 2000-5000 rpm. Through the torsional
vibration analysis of the engine crankshaft system, it is
found that the harmonic moment of the second natural
frequency is the main harmonic order that causes the

frontiersin.org
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Modal diagram.

resonance. From Eq. 13, we can calculate the harmonic range of
resonance is 2—-12 harmonics. From this, we can calculate the
critical speed of resonance; when the engine speed is the same as
the critical speed, resonance will occur. So, the resonance
should be different damping forces for different harmonics
outputs to effectively reduce the crankshaft resonance.

4 Skyhook semi-active control design
simulation

4.1 Skyhook semi-active control

The skyhook damping control strategy has an important
place in the control strategy of semi-active suspensions and is the
most commonly used control strategy in MR semi-active control.
It is a classical method of semi-active suspension control
proposed by Karnopp et al. in 1974. It has the characteristics
of simple principle, easy implementation, and good robustness
and is often used to compare with new control methods. The
method is to install a damper between the reeded mass block and
the virtual sky, taking the vertical vibration velocity of the reeded
mass block as the object of study, and the damper generates a
damping force opposite to the velocity of the reeded mass block.
The model is based on a passive suspension for design, as shown
in Figure 8.Here, ¢y, is the skyhook damping factor, the size of
which can be determined according to the suspension
parameters, and the ideal skyhook damping force is

Fsky = _CskyZ.2' (14)

Frontiers in Materials

The kinetic model is

(15)

{ myZ; = ~ky (2, — z1) — €. (22 — 21) — Csk;Z} )
mz, =~k (21— 20) — k2 (22 - 21) — &1 (Z, - Zy)

where m, is the spring load mass; 71, is the damper mass; k; is the
spring load stiffness; k, is the damper stiffness; z, is the
suspension displacement; z; is the spring load displacement;
z, is the damper displacement; c; is the spring load damping
factor; and z; and 2z, are the spring load and damper velocity,
respectively.

The force Fg, in the skyhook damping control strategy is
virtual, and it is impossible to realize in reality. When using MR
dampers to replace the skyhook active control active actuator, the
skyhook control strategy current switching principle should be
satisfied: when the product of the crankshaft free end velocity
fluctuation and acceleration is greater than zero, at this time, the
crankshaft moves in the positive direction, the ideal skyhook damper
gives the crankshaft a force in the opposite direction to impede the
vibration of the free end, the output force of the MR damper should
be equal to the ideal skyhook damper or input a larger current to
obtain. When the product of velocity fluctuation and acceleration at
the free end of the crankshaft is less than zero, then the MR damper
should output the minimum damping force, which is also the
minimum current control. Based on the abovestated discussion,
from simplicity and practicality, taking into account the strong non-
linearity of the MR damper and the difficult characteristics of
current inversion, the skyhook damping control can be expressed as:

€= Comax ifee>0
{ € = Comin

ifee<0’ (16)
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sky

FIGURE 8
Diagram of the skyhook damping control model.

where ¢ is the damping, ¢ qyx is the maximum damping factor,
C min is the minimum damping factor, e is the angular velocity
fluctuation, and é is the angular acceleration.

Our actual control is to give the magnitude of the input
current to the MR dampers; here, we simply give the current as
0 or I,y is 2 A. Essentially, skyhook damping control is a
Bang-Bang control, where the magnetic field strength is
proportional to the magnitude of the current; that is, when
the current is 0, the Coulomb damping force is at its
minimum, while when the current is I,,, the MR yield
stress is also at its maximum, and, thus, the Coulomb
damping force is at its maximum. This control algorithm is
simple to calculate, easy to control, and easy to understand.

The control process for crankshaft torsional vibration is
through the acquisition of real-time vibration signals from the
free end of the crankshaft after the controller’s data analysis and
calculation to output a reasonable corresponding current. Then,
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the MRTD after the current is connected to output the
corresponding damping force to achieve effective vibration
damping. Thus, with the MRTD employing skyhook damping
control, the block diagram of the control system is shown in
Figure 9.

4.2 Simulation analysis of constant
damping damper

The kinetic model is built from the established parametric
equations using Amesim software to obtain the free end
vibration curve more directly. The excitation signal of the model
outputs the pressure torque according to the ignition sequence of the
four-cylinder engine 1-3-2-4. The angular velocity and acceleration
of the crankshaft free end during torsional vibration are then
simulated and analyzed as the MRTD damping is controlled.
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FIGURE 9
Block diagram of crankshaft torsional vibration control.
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Comparison of vibration with and without torsional dampers; (A) Crankshaft angular velocity; (B) Crankshaft angular acceleration.

A comparison of the angular velocity and angular
acceleration of the free end of the crankshaft system with
the MRTD installed and without the torsional damper under
accelerating conditions is shown in Figure 10, which shows
that the torsional vibration of the crankshaft is effectively
suppressed by the installation of the MR damper.

With an MRTD installed on the engine crankshaft, the
damping coefficient can be adjusted by controlling the
current to control the vibration of the crankshaft at
different harmonic levels. When the damping coefficient
of the MRTD is 0 and the damping coefficient is 4, the
vibration signals of the free end of the crankshaft at
acceleration and constant speed can be obtained, as shown

Frontiers in Materials

in Figures 11 and 12. The dynamics of the model can be seen
clearly in the angular acceleration and angular velocity of the
free end of the crankshaft system at different damping factors.
At the same time, in acceleration mode, Fourier transform is
applied to vibration signals of free end speed and
angular  acceleration of crankshaft under different
damping coefficients to obtain a frequency domain analysis
diagram.

The time domain analysis diagram shows that when the
damping factor is 4, some of the resonance of the crankshaft
during acceleration is weakened, which verifies the effective
damping performance of the damper. However, according to
the frequency domain diagram, it can also be found that
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during acceleration, the resonance is shifted, and the overall
vibration is not effectively suppressed. This is due to the fact

that the damping

is not optimal at this point in time; so, in

order to effectively suppress the resonance of the crankshaft
system during acceleration, the optimal damping needs to be

calculated for the

Frontiers in Materials

main resonance frequencies.

1

4.3 Skyhook damping control simulation

A joint simulation using Matlab and Amesim was also used
to verify the crankshaft system torsional vibration response
under the skyhook damping control strategy at acceleration
conditions. This is shown in Figure 13.
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The free end torsional vibration of the crankshaft system
under steady running conditions is also compared using skyhook
damping control, as shown in Figure 14.

As can be seen from the simulation analysis graph, the
skyhook damping control is significantly more effective than
the passive control, effectively suppressing the angular
of the
crankshaft free end vibration near the resonance frequency

velocity and angular acceleration amplitude
under acceleration conditions. The skyhook damping control
also reduces the torsional vibration response to a certain
extent during the smooth running phase.

Based on the abovementioned simulation results, the peak and
RMS (root mean square) values of the angular velocity fluctuation at
the free end of the crankshaft and the angular acceleration é were

calculated for various scenarios, as shown in Tables 3 and 4. The

Frontiers in Materials

figures in brackets are the rate of reduction in vibration response
compared to the case without the torsional damper fitted.

As can be seen from the tables mentioned earlier, the
skyhook damping control is able to significantly reduce the
RMS value of the angular velocity fluctuations at the free end
of the crankshaft and the angular acceleration fluctuations by
43.8 and 26.3%, respectively, as well as reducing the peak value
by 28 and 44%, respectively, when compared to the passive
control during acceleration conditions.

The tables show that the skyhook damping control is also
superior to the passive control method under uniform speed
conditions, with a reduction of 39.7 and 45.6% in the RMS value
of the angular velocity and angular acceleration fluctuations,
respectively, and a peak value of 40.9 and 43.3% for their
fluctuations, respectively. The results of the abovementioned
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TABLE 3 Peak and RMS values of torsional vibration response for acceleration condition.

Torsion control methods RMS value of e (1/ min)

No damper fitted 237.8 45.6

Installation of dampers 152.2 (35.9%)

Skyhook damping control 133.6 (43.8%)

RMS value of e.10° (rad/s?)

37.3 (18.2%)
33.6 (26.3%)

Peak of e(1/ min)  Peak of €.10° (rad/s%)

755 150
583 (22.7%)

543 (28%)

137 (8.6%)
83.9 (44%)

TABLE 4 Peak and RMS values of torsional vibration response for uniform speed conditions.

Torsion control methods RMS value of e (7/ min) )

410.9
290 (29.4%)
247.6 (39.7%)

No damper fitted 79.8
Installation of dampers

Skyhook damping control

analysis also validate the effectiveness of the semi-active control
of skyhook torsion.

5 Conclusion

The MRTD of the variable-damping crankshaft system has
been studied in this article. In order to improve the smoothness
and stability of the crankshaft system, the application of the
dynamics model and the skyhook damping control method were
investigated through analytical calculations and numerical
simulations. The following conclusions were obtained.

(1) The damping ratio, inertia ratio, and setting ratio of the
MRTD have a relatively obvious influence on the dynamic
amplification coefficient of the crankshaft system. After the
structural parameters of the device have been determined,
the damping ratio can be controlled to achieve effective
torsional damping of the crankshaft system.

(2) Through the simulation analysis of the constant damping
torsional damper, when the damping coefficient increases,
the torsional amplitude of the crankshaft system decreases in
a certain range under the conditions of acceleration and
constant velocity. At the same time, the resonance frequency
of the system is changed to achieve the effect of frequency
shift. It can be seen that the torsional vibration of the
crankshaft can be inhibited obviously by changing the
damping coefficient of the torsional damper.

(3) The design of a skyhook damping control method to control the

MRTD through the simulation of comparative analysis shows

that the control method in the acceleration conditions crankshaft

speed fluctuations e and angular acceleration fluctuations in the

RMS and peak reductions of 43.8 and 26.3 and 28% and 44%,

Frontiers in Materials

RMS value of €.10° (rad/s?)

49.4 (38.1%)
43.4 (45.6%)

13

Peak of e(1/ min) Peak of €.10° (rad/s?)

674 143
514 (23.7%)

398 (40.9%)

67 (53.1%)
81 (43.3%)

respectively. The RMS and peak reductions of crankshaft speed
fluctuation e and angular acceleration fluctuation at constant
speed are 39.7 and 45.6 and 40.9 and 43.3%, respectively, which
shows that the skyhook damping control has a better damping
effect than the constant damping.

The research is mainly based on theoretical analysis and
simulations, but future experiments are needed to validate the
results and further incorporate new intelligent control algorithms.
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