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Vibration control of a rotating shaft by passive
mass-spring-disc dynamic vibration absorber

Shaft is a machine element which is used to transmit rotary motion or torque.
During transmission of motion, however, the machine shaft doesn’t always rotate with
a constant angular velocity. Because of unstable current or due to sudden acceleration
and deceleration, the machine shaft will rotate at a variable angular velocity. It is
this rotary motion that generates the moment of inertial force, causing the machine
shaft to have torsional deformation. However, due to the elasticity of the material, the
shaft produces torsional vibration. Therefore, the main objective of this paper is to
determine the optimal parameters of dynamic vibration absorber to eliminate torsional
vibration of the rotating shaft that varies with time. The new results in this paper are
summarized as follows: Firstly, the author determines the optimal parameters by using
the minimum quadratic torque method. Secondly, the maximization of equivalent
viscous resistance method is used for determining the optimal parameters. Thirdly,
the author gives the optimal parameters of dynamic vibration absorber based on the
fixed-point method. In this paper, the optimum parameters are found in an explicit
analytical solutions, helping the scientists to easily find the optimal parameters for
eliminating torsional vibration of the rotating shaft.

Nomenclature

Abbreviations

CPVA centrifugal pendulum vibration absorber
DVA  dynamic vibration absorber

FP fixed-point

MEVR maximization of equivalent viscous resistance
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MQT minimum quadratic torque

TMD  tuned mass damper

Symbols

Ca damping coefficient of damper

Ceqv the equivalent resistance coefficient of DVA

D the amplitude magnification factor of the rotating shaft

e radial position of spring

e radial position of damper

Ja mass moment of inertia of DVA

J mass moment of inertia of rotor

ka stiffness of spring of DVA

ks torsional stiffness of the rotating shaft

L the quadratic torque matrix

M excitation torque

M.,  the equivalent resistance torque of DVA

mg mass of DVA

m, mass of rotor

n number of spring-damper sets

q the response of the system

Greek symbols

a tuning ratio

af,f; optimal tuning ratio of DVA by using the fixed-point method

a%lfVR optimal tuning ratio of DVA by using the maximization of equivalent viscous

resistance method

aoMthT optimal tuning ratio of DVA by using the minimum quadratic torque method
B frequency ratio

y ratio between radial position of spring and radius of gyration of rotor
€ the angular acceleration of the rotating shaft

n ratio between radius of gyration of passive disk and rotor

0 torsional vibration of the rotating shaft

6o initial condition of the torsional vibration angle

0 complex form of torsional vibration of the rotating shaft

6] amplitude of torsional vibration of the rotating shaft

A ratio between radial position of damper and radius of gyration of rotor
7 ratio between mass of DVA and mass of the rotating shaft

'3 damping ratio

fflf; optimal damping ratio of DVA by using the fixed-point method

§£;’,fVR optimal damping ratio of DVA by using the maximization of equivalent viscous

resistance method
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fﬂ;’,?T optimal damping ratio of DVA by using the minimum quadratic torque method
Pa radius of gyration of DVA
Or radius of gyration of rotor
©® angular displacement of the rotating shaft
oy relative torsional angle between passive disk and rotor
©r angular displacement of rotor
w excitation torque frequency
Wy natural frequency of DVA
Q; natural frequency of the rotating shaft

1. Introduction

This paper describes how to eliminate torsional vibration of rotating shafts.
As we know, the shaft is one of the most important parts of a machine. The shaft is
used to transmit torque and rotation from one part to another part of the machine.
The characteristic movement of the shaft is rotary motion. The torsional vibration
of the rotating system is mainly due to the uneven transmission of torque between
the rotating parts of the machine. Excessive torsional vibration in the machine
system leads to noise or fatigue destruction. So, they must be stopped or controlled
immediately to ensure the reliability of the system. Passive vibration control has
been applied frequently due to its simplicity and the effect which is acceptable,
therefore, it has been studied by many scientists, as in references [1-23].

Centrifugal pendulum vibration absorbers (CPVA) are used for the reduction
of torsional vibrations in rotating and reciprocating machines. They consist of the
masses mounted on a rotor in such a way that they can freely move in accordance
with the specified paths related to rotating systems. The movement of the masses is
used to counteract the torque, thus reducing torsional vibration of the rotating parts
[4-14]. The CPVA with different designs was introduced for the use in different
conditions of the system. Author of [4] proposed the CPVA for the use in aircraft
engines with variable speed conditions, in which the weight of the centrifugal
mass was designed so that the recovery force changed with speed. Author of [5]
introduced a CPVA including a compact design pendulum with rollers applicable
for aircraft engines. Until early 1980, most CPVAs designs used circular profiles.
Later, various non-circular path types were considered for the design of the CPVA,
such as cycloidal path [6], tautochronic curve [7] and epicycloidal path [8, 9], etc.
In 2002 the dynamic behavior of multiple CPVAs was studied in [10]. In 2006,
authors of [11] studied an investigation of the dynamic response and performance
of the CPVA. In 2014, authors of [12] presented a general approach to the design
of tautochronic pendulum vibration absorbers. These results provided a basis for
the design and analysis of tautochronic bifilar and non-bifilar vibration absorbers.
In 2015, Ref. [13] studied aims to highlight the vibration absorbing capabilities
of CVPAs, emphasizing the configurations with cycloidal and epicycloidal paths.
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In 2016, Ref. [14] studied ways to reduce vibration for a rigid rotor with moving
components simultaneously tilting, rotating and translating using the CPVA. To
the best knowledge of the authors, there has been no study that identifies the
optimum parameters of the CPVA applicable for eliminating torsional vibration of
the rotating systems.

A dynamic vibration absorber (DVA), or tuned mass damper (TMD), is a well-
known device used to eliminate vibration. The absorber consists of a moving mass
attached to the main structure through springs and dampers. The description of use
of the DVA, or the TMD, as an additional tool for eliminating torsional vibration of
the rotating systems is very limited in the literature. Until 2017, Ref. [21] used the
fixed-point method to give optimal parameters of the DVA in the form of a passive
mass-spring-disc for the rotating shafts. When designing absorbers to eliminate
vibration for the main system, one can apply diverse shapes of the absorbers,
depending on the type of structure to be installed. Therefore, in [22] the author
studied how to eliminate torsional vibration of rotating shafts with a symmetric
TMD in the form of mass-spring-pendulum by using the principle of minimum
kinetic energy. The studies in references [21, 22] only considered the shaft rotating
at a constant angular velocity. In reality, however, many rotating systems do not
always rotate with constant angular velocities. Because of unstable current or due
to sudden acceleration and deceleration, the angular velocity of rotating shafts
can vary with time. It is this variability in rotation of the rotating systems that
generate the moment of inertial force, causing the rotating systems to have torsional
deformation. But due to the elasticity of the material, the rotating systems produce
torsional vibration. Therefore, the research results in references [4—14, 21-23] were
developed to overcome the limitations of the rotating systems. In this paper, the
author continues the work aimed at finding the optimal parameters of the DVA
for the case of the rotating shaft that varies with time. The optimum parameters
are found in an explicit analytical solutions, helping the scientists to easily find
the optimal parameters when applicable for eliminating torsional vibration of the
rotating shafts. The results presented in this paper enrich knowledge of optimal
control and help to eliminate torsional vibration of the rotating systems.

2. Shaft modelling and vibration equations

Fig. 1 shows a rotating shaft which has an attached passive mass-spring-disc
dynamic vibration absorber (DVA). Fig. 2 shows the passive mass-spring-disc
dynamic vibration absorber [21]. The parameters of the rotating shaft with DVA
are listed in the Nomenclature.

By using the second-order Lagrange equation, the motion equations of the
system are written as follows [21]

(Jr + Ja) ¢r + Ja"ba + ks (Qor - QOI) = M(t),
(1)

Jo@r + Ja@y + nkae%goa + ncae§¢a =0
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Fig. 1. The rotating shaft with DVA

compression
springs/dampers

rotor

Fig. 2. Modeling of the DVA

where
Jr=m p2, Ja=m ,o2 ,
r r~r a alFa (2)
@ =Qot.
Because the rotating shaft varies with time: ¢ = ¢(¢), we have
QDF‘_SD(t) :9 - ‘Pr :9+‘p(t)’ Qbr :é+¢(t)9 ¢r :§+¢(t)7 (3)

M(t) =0.

By substituting equations (2), (3) into equations (1), the motion equations of
the system are represented as

(mrp} +mapl) § + maplfa + kst = —(my-p} + mapl) G, @

map%zé + mapi‘p'a + ncaeg‘;ba + nkae%(pa = _mapi‘ﬁ(t)- (5)
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To write the equations in non-dimensional form, the following symbols are
introduced

kq = mawi , kg = mrngg, Mg = My,  Pag =1NPr, 6)

e =Ypr, € =4Apr, wg=ally, cq=Emuwg,.

The symbols in the expressions of equation (6) are described in Nomenclature.
By substituting the expressions of equation (6) into equations (4), (5) the latter
can be rewritten in the matrix form:

L+ w* [ 6] [o 0 6
2 2 .o + 2 .
M1 M1 $a | |0 néaQsud Pa
] (7)
o 0 0 ~l—un* |
+ 202,..2 = 2 (¢
0 na”Qsuy” || ¢a —pun

3. Determination of optimal parameters by using the minimum
quadratic torque method (MQT)

The minimum quadratic torque method is applied when the angular accelera-
tion of the rotating shaft, (¢), is assumed to have a form of a white noise of spectral
density Sg. This method, which bases on the calculation of quadratic torque, has
been presented in [1]. From the vibration equation (7), the equation of state is
constructed:

qi (1) = Aq; () + Nge(@), (8)
where q;(¢), &(t), respectively, are the response of the system and the angular
acceleration of the rotating shaft, they are defined as follows

. Z\T
a®)=1{0 ¢a 0 ¢} . )
et) = g(1). (10)

Using equations (7)—(10), the matrices A and N, are determined, respectively

Ain A A Al
A A A A

Ao | A2 An An Ax , (10
A3z Az Ay Az

Ay Apn Ay Ay

N.=[oo0 -10] (12)
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in which

Al =0, Ay =0, Ay =-Q2, Ay =0Q2,

S
(1 + ,ur]z) nangyz
2 2
(13)

A =0, An=0, Ay =na’Qluy*, Ap=-

n
Aiz=1 A3 =0, A3;3=0 Ay =0,
(1 + ;mz) na*Q22?

Ay =0, Ay=1, Ay =néaQui®, Agy=- 5

n

According to [1], the quadratic torque matrix, L, is a solution of Lyapunov
equation in equation (14).

AL +LAT + S,N.N. = 0. (14)

By solving the system of equations (11)—(14), the matrix L is determined as

Lyt Lip Liz L
Lo Ly Ly Ly Lo (15)
L3y L3 L33 L3y

Lyt Ly Laz Ly

where
yrat*n? (1 + ,unz)4 + (n§2/14 (/1772 + l)
Ll e =2)) (1) e o | s
=2 néa Q3 u’nt ' (16)
(1 +un2)25
L3 = _EnzT,ug’ (17)
[ vin? (1 +’w]2)3 ot 4+ (lﬂ?2 + 1) (n§2/14 (/1772 + 1) S
L 1 —2772’)/2)nafz+774 © ,
) néaQgu’n* ' (18)
1 —yzn (1 + ,un2)2 a? - 772] Se
L3y = == (19)

2 néaQgui’n?

In the quadratic torque matrix L, the response of the main system is L. The
smaller the L1 is, the faster the torsional vibration of the system turns off. So, the
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minimum conditions are expressed as

oL

g1 =0, (20)
Oa |mor_,

oL

i 11 =0. 1)
0& |ghor_g

By solving the system of equations (16), (20), (21), the optimal parameters of

the DVA, aﬁf,?T and fgthT’ can be obtained as

_ 2
GMor _ 1ny2n (2 - pn )’ 22)

P2 yn(1+un?)

mor _ N4y +3p2n% — Py’ 23)

P (L4 pn?) 2320 2 — i)

4. Determination of optimal parameters by using the maximization
of equivalent viscous resistance method (MEVR)

3

The objective of this method is to maximize the equivalent resistance coef-
ficient of the system [2]. The greater the equivalent resistance coefficient of the
system, the faster the decay of vibration of the system. Firstly, it is necessary to
determine the equivalent resistance torque of the DVA acting on the main system.
Using equations (4), (5), (10) gives

mrpfé + k0 = nkae%gpa + ncaeggba - mrpfs(t). 24)

From (24), the equivalent resistance torque of the DVA acting on the main
system is obtained as
M.y, = nkaefgoa + ncaegtpa . (25)

According to [2], the equivalent resistance coefficient of the DVA acting on
the main system is determined as follows

<Meqvé> nkae% <<paé> + ncae§ <¢a9>
C, = - - = — -
G (¢°)
In this method, the angular acceleration of the rotating shaft, £(¢), is assumed
to have a form of white noise with spectral density S.. Therefore the average values

of equation (26) are the components of the matrix L in equation (14). In this case,
we have

(26)

nkge*Lsy + ncge?Lag
Cogqy = ——— I —. (27)
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By substituting equations (6), (17)—(19) into equation (27), the equivalent
resistance coefficient can be determined as

—prman*néaQ; A’
Y2 (2u1) et (P2pr) n (1462 (2 k1) n=2n2y2) a2+t

(28)

Ceqv =

The conditions for the equivalent resistance coeflicient of the DVA, c.q,, yield
maximum value as follows

OCeqy
e =0, (29)
oa oMEVR_,
opt
O0Ceqv
1 =0. (30)
65 EMEVR_¢&

opt

By solving the system of equations (28)—(30), the optimal parameters of the
DVA, oMEVR fMEVR, are determined as

opt opt
MEVR n
A — 31)
Py (14 un?) v
2
yn?VH
EpeVR = Vi (32)

- 2n (T + )

5. Determination of optimal parameters by using
the fixed-point method (FP)

In this method, one considers the rotating shaft whose angular velocity varies
with time. The angular acceleration is presented in the harmonic form:

@(1) = poe . (33)

By solving the system of equations (7), (33), the torsional angle of the rotating
shaft, 6(¢), can be obtained as

0(t) = He' (34)
where
Eafn (un® +1)i o]
é _ + (01277272/17’1 + aZYZn _ Ban) s | (35)

aEn (up™n® + B> —1)i
+ (a,2ﬁ2n2,y2ﬂn + QZﬂZ,yZn _ /34772 —(12’)/21’1 +,32772)
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The amplitude of torsional vibration of the rotating shaft is

[capn (un? +1)]”
+ [P0y un + a*y*n - ﬂ2n2]2 [eo/ Qﬁ]z 6
[aper?n (upn® + 2 -1)]° |

+ [,32 (aznzyzlm + a2y - Bt + 772) — o?y%n

2

-

Using equation (36), we determine the amplitude magnification factor of the
rotating shaft as follows

[fa/,B/lzn (,un2 + 1)]2

20292 + a?yn — ,32772]2
[epea’n (upn? + 57 = 1)]°

\ + [ﬁz(aznzyz,un + oy - B2t + ) — azyzn]z

+ [

(37)

Fig. 3 presents the graphs of the amplitude magnification factor D versus the
frequency ratio § corresponding to some different values of the DVA’s damping

ratio €.

154

D-amplifier function

=]
T

frequency p

——E=04 —E=1 == £=0 """ Einfinity

Fig. 3. Graphs of the amplitude magnification factor versus the frequency ratio

Fig. 3 shows that the curve D = f(B) always passes through two points M,
N which are fixed and independent of the viscous resistance coefficient £. So, it is
possible to apply the fixed-point method to find the optimal parameters to reduce
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harmful vibrations of the rotating shaft. According to [3], the peak of the smallest
amplitude of vibration can be achieved by choosing such coefficients of the two
points M, N that have equal values and reach the maximum value at that point.
We have

oD
5" 0, (38)
Dy =Dy . (39)

FP
opt

FP _ ny2 (2 - #1?) (40)

By solving the system of equations (37)—(39), the optimal parameters, «,,,, and

B, are identified as

= = R
o 2y\n (un? + 1)
2 +14/2
2 = # 41)
2(un*+1)
2 2-1n\2u
By=sr—7—- (42)
2(un*+1)

Then, the optimum absorber damping can be identified from the following

condition
oD B

B
By solving the system of equations (37), (40)—(43), the DVA’s damping ratios
can be determined as

) u(1+ m?)” (V2nya +6) yn

0. (43)

= 44
£ 2nA% (2 + 5un? + 320t — 130 — utnd) (44)
and

Pt (pm? + 1) (6 +ny2u)

2= (45)
2nA% (2 + 3un? — 13no)
The optimal value of ¢ is found as
£+

ff,f; = Eopr = \| = 5 2. (46)

By substituting equations (44) and (45) into equation (46), the optimal param-

eter of DVA, 5[5, is determined as

o yn® | 200 +2) (6 - 20320 — yp?)
opt — 2/12\ n(un? -2) (n@_z)

(47)
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From equations (22), (23), we obtain the optimal parameters of the DVA
by using the minimum quadratic torque method. Based on the maximization of
equivalent viscous resistance method, the optimal parameters of the DVA are given
in equations (31), (32). The fixed-point method is used for finding the optimal
parameters of the DVA, which are defined in equations (40) and (47). The optimal
expressions (equations (22), (23), (31), (32) and (40), (47)) for DVA are used
to eliminate the torsional vibration of the rotating shaft that varies with time.
These optimal expressions are different from the optimal expressions that have
been found in reference [21]. From this fact it follows that the optimal parameters
determined to eliminate torsional vibration of the rotating shafts are different for
shafts rotating with constant and variable velocity. Therefore, when applying the
optimal parameters to eliminate torsional vibration of the rotating shaft we have
to consider if the shaft rotates at a constant or variable angular velocity to use
the proper optimal expressions for determining the optimal parameters in order to
increase the effect of eliminating torsional vibration.

6. Numerical simulation

To evaluate the reliability of the optimal parameters that are found in this paper,
the author uses Maple software to simulate the vibration of the rotating shaft with
the DVA when it is optimally designed.

The author performs calculations to eliminate the torsional vibration of the
rotating shaft with the input data taken from [21] which are summarized in Table 1.

Table 1.
The input data of the rotating shaft and the DVA

Parameter my Or ks Mg Pa el e N

Value S5kg | 0.1m 10* Nm/rad | 0.05 kg | 0.1m | 0.06 m | 0.08 m 5

Based on the parameters in Table 1 and the expressions of equation (6), the
non-dimensional parameters of the system are determined and summarized in
Table 2.

Table 2.
The non-dimensional parameters of the system
Parameter u n b% A
Value 0.01 1.0 0.6 0.8

By applying equations (6), (22), (23), (31), (32), (40), (47) and parameters
from Table 2, the optimal parameters of the DVA are defined in Table 3.

Based on the parameters from Table 1 and Table 3, and using Maple software,
we simulate the torsional vibration of the rotating shaft, as shown in Figs 4-12.
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The optimal parameters of the DVA

The minimum quadratic torque method
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0.010
0.0054

{pe1) wonje.Iq 1A [EUOSIOT

1

0.

Time (s)
with MQT — — without DVA |

Fig. 4. The vibration of the rotating shaft with 6y = 0.01 (rad) of the minimum quadratic torque

method

0.010
0.0034
-0.00354

{pe1) uoTje.Iq 1A [EUOII0 T,

-0.0104

Time (s)
with MQT — — without DVA |

Fig. 5. The vibration of the rotating shaft with §y = 5.0 (rad/s) of the minimum quadratic torque

method
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Time (s)
with MQT — — without DVA |

(pe.I) WwoTjE.Iq 1A [EUOS.I0 T,

Fig. 6. The vibration of the rotating shaft with 5 = 0.01 (rad) and 6y = 5.0 (rad/s) of the minimum

quadratic torque method

0.010
0.003

(peJ) uorje.Iq 1A [BUOISI0 T,

Time (s)
with MEVR — — without DVA |

Fig. 7. The vibration of the rotating shaft with 6y = 0.01 (rad) of the maximization of equivalent

viscous resistance method

(pe.T) uoT)e.Iq I [EUOISIO ],

Time (s)

with MEVR — — without DVA |

Fig. 8. The vibration of the rotating shaft with g = 5.0 (rad/s) of the maximization of equivalent

viscous resistance method
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(pe.a) uoTjeIq A [EUOTSI0 T,

Time (s)
with MEVR — — without DVA |

Fig. 9. The vibration of the rotating shaft with 6y = 0.01 (rad) and 6y = 5.0 (rad/s) of the

maximization of equivalent viscous resistance method

0.010

0.0034

{pe.J) uoT)eIq 1A [BUOTS.I0 T

Time (s)
with FP — — without D\-".-—‘Ll

Fig. 10. The vibration of the rotating shaft with 6y = 0.01 (rad) of the fixed-point method

(pe.I) UoTjE.Iq 1A [EUOIS.I0 T,

a

Time (s)
with FP — — without D\-"Al

Fig. 11. The vibration of the rotating shaft with g = 5.0 (rad/s) of the fixed-point method
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Torsional vi bration (rad)

with FP — — without D\-’A|

Fig. 12. The vibration of the rotating shaft with 8 = 0.01 (rad) and § = 5.0 (rad/s) of the
fixed-point method

7. Comparison of the effect of three methods

In order to compare the effect of eliminating torsional vibration when applying
the optimal parameters found by the three methods, the author presents simulation
results of torsional vibrations of the rotating shaft in the same graph, as shown in
Figs. 13-15.

0.010
=
g

0.005 =
E ’ 032 0.33
" TTHIHHE
= 0
B
E
-8 -0.0051
LA
B

-0.010+ . . . ; : :

0 0.1 02 03
Time (s)
|—— with MEVR —— with MQT with FP — — without DVA |

Fig. 13. The vibration of the rotating shaft with 6y = 0.01 (rad) of the three methods

Figs. 13-15 show the maximization of equivalent viscous resistance method
and the fixed-point method, which give the same effect for reducing the torsional
vibration. Within the first 0.12 s, the vibration amplitudes of the maximization of
equivalent viscous resistance method and the fixed-point method are smaller than
those of the minimum quadratic torque method. But, from 0.12 s onwards, the
vibration amplitudes of the minimum quadratic torque method are smaller than



www.czasopisma.pan.pl P N www.journals.pan.pl
T
POLSKA AKADEMIA NAUK

Vibration control of a rotating shaft by passive mass-spring-disc dynamic vibration... 295

= 0.010] N
P
g 0.003]
z
s
—
T 0
B
E
E -0.003
]
= -0.0104 i

0

Time (s)
| with MEVR. with MQT with FP — — without DVA |

Fig. 14. The vibration of the rotating shaft with 6y = 5.0 (rad/s) of the three methods

g jA
& 0010
g - 051 05 033
2 0.005]
= ] L IEARIRERY
£ HUHEBH
- ]
g -0.003]
[=] ]
‘# ]
38 -0.010
B ]

0 01 02 03

Time (s)
[— with MEVR with MQT with FP — — without DVA |

Fig. 15. The vibration of the rotating shaft with 6y = 0.01 (rad) and §y = 5.0 (rad/s) of the three
methods

those of the maximization of equivalent viscous resistance method and the fixed-
point method. Overall, however, among the three methods the minimum quadratic
torque method has the greatest effect on eliminating torsional vibration.

8. Conclusions

This paper aims at determining the optimal parameters of the dynamic vibration
absorber in order to eliminate torsional vibration of the rotating shaft that varies
with time. The optimum parameters of the dynamic vibration absorber which are
determined by using the minimum quadratic torque method are shown in equations
(22) and (23). The optimal parameters of the dynamic vibration absorber that are
chosen in order to maximize the equivalent resistance coefficient of the system
are presented in equations (31) and (32). The optimum parameters of the dynamic
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vibration absorber given in equations (42) and (47) are obtained by using the
fixed-point method. To evaluate the effect of eliminating torsional vibration, the
author uses Maple software to simulate the vibration of the rotating shaft when
it is optimally designed. Through vibration simulation, we find that the vibration
amplitude of the rotating shaft is eliminated when the dynamic vibration absorber
is installed. This confirms that the optimal parameters of the dynamic vibration
absorber found in this paper are reliable and accurate.

Acknowledgements

The author would like to thank the anonymous reviewers for their valuable

comments and suggestions to improve the quality of the manuscript.

(1]

(2]

(3]
(4]

(3]

(6]
(7]
(8]

(9]

[10]

(11]

[12]

[13]

Manuscript received by Editorial Board, January 15, 2020;
final version, June 11, 2020.

References

G.B. Warburton. Optimum absorber parameters for various combinations of response and
excitation parameters. Earthquake Engineering and Structural Dynamics, 10(3):381-401, 1982.
doi: 10.1002/eqe.4290100304.

R.W. Luft. Optimal tuned mass dampers for buildings. Journal of the Structural Division,
105(12): 2766-2772, 1979.

J.P. Den Hartog. Mechanical Vibrations. 4th edition, McGraw-Hill, New York, 1956.

E.S. Taylor. Eliminating crankshaft torsional vibration in radial aircraft engines. SAE Technical
Paper 360105, 1936. doi: 10.4271/360105.

R.R.R. Sarazin. Means adapted to reduce the torsional oscillations of crankshafts. Patent
2079226, USA, 1937.

J.F. Madden. Constant frequency bifilar vibration absorber. Patent 4218187, USA, 1980.

H.H. Denman. Tautochronic bifilar pendulum torsion absorbers for reciprocating engines. Jour-
nal of Sound and Vibration, 159(2):251-277, 1992. doi: 10.1016/0022-460X(92)90035-V.
C.P. Chao, S.H. Shaw, and C.T. Lee. Stability of the unison response for a rotating system with
multiple tautochronic pendulum vibration absorbers. Journal of Applied Mechanics, 64(1):149—
156, 1997. doi: 10.1115/1.2787266.

C.T. Lee, S.W. Shaw, and V.T. Coppola. A subharmonic vibration absorber for rotating machin-
ery. Journal of Vibration and Acoustics, 119(4):590-595, 1997. doi: 10.1115/1.2889766.

A.S. Alsuwaiyan and S.W. Shaw. Performance and dynamic stability of general-path centrifugal
pendulum vibration absorbers. Journal of Sound and Vibration, 252(5):791-815, 2002. doi:
10.1006/jsvi.2000.3534.

S.W. Shaw, PM. Schmitz, and A.G. Haddow. Tautochronic vibration absorbers for rotat-
ing systems. Journal of Computational and Nonlinear Dynamics, 1(4):283-293, 2006. doi:
10.1115/1.2338652.

J. Mayet and H. Ulbrich. Tautochronic centrifugal pendulum vibration absorbers: Gen-
eral design and analysis. Journal of Sound and Vibration, 333(3):711-729, 2014. doi:
10.1016/j.jsv.2013.09.042.

E. Vitaliani, D. Di Rocco, and M. Sopouch. Modelling and simulation of general path centrifugal
pendulum vibration absorbers. SAE Technical Paper 2015-24-2387, 2015. doi: 10.4271/2015-
24-2387.


https://doi.org/10.1002/eqe.4290100304
https://doi.org/10.4271/360105
https://doi.org/10.1016/0022-460X(92)90035-V
https://doi.org/10.1115/1.2787266
https://doi.org/10.1115/1.2889766
https://doi.org/10.1006/jsvi.2000.3534
https://doi.org/10.1115/1.2338652
https://doi.org/10.1016/j.jsv.2013.09.042
https://doi.org/10.4271/2015-24-2387
https://doi.org/10.4271/2015-24-2387

www.czasopisma.pan.pl P N www.journals.pan.pl
N
POLSKA AKADEMIA NAUK

Vibration control of a rotating shaft by passive mass-spring-disc dynamic vibration... 297

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

C. Shi, S.W. Shaw, and R.G. Parker. Vibration reduction in a tilting rotor using centrifu-
gal pendulum vibration absorbers. Journal of Sound and Vibration, 385:55-68, 2016. doi:
10.1016/j.jsv.2016.08.035.

K. Liu and J. Liu. The damped dynamic vibration absorbers: revisited and new result. Journal
of Sound and Vibration, 284(3-5):1181-1189, 2005. doi: 10.1016/j.jsv.2004.08.002.

N. Hoang, Y. Fujino, and P. Warnitchai. Optimal tuned mass damper for seismic appli-
cations and practical design formulas. Engineering Structures, 30(3):707-715, 2008. doi:
10.1016/j.engstruct.2007.05.007.

G. Bekdas and S.M. Nigdeli. Estimating optimum parameters of tuned mass
dampers using harmony search. Engineering Structures, 33(9):2716-2723, 2011. doi:
10.1016/j.engstruct.2011.05.024.

K. Ikago, K. Saito, and N. Inoue. Seismic control of single-degree-of-freedom structure using
tuned viscous mass damper. Earthquake Engineering and Structural Dynamics, 41(3):453-474,
2012. doi: 10.1002/eqe.1138.

H. Garrido, O. Curadelli, and D. Ambrosini. Improvement of tuned mass damper by using
rotational inertia through tuned viscous mass damper. Engineering Structures, 56:2149-2153,
2013. doi: 10.1016/j.engstruct.2013.08.044.

M.G. Soto and H. Adeli. Tuned mass dampers. Archives of Computational Methods in Engi-
neering, 20(4):419-431, 2013. doi: 10.1007/s11831-013-9091-7.

X.T. Vu, N.D. Chinh, D.D. Khong, and V.C Tong. Closed-form solutions to the optimization
of dynamic vibration absorber attached to multi-degree-of-freedom damped linear systems
under torsional excitation using the fixed-point theory. Proceedings of the Institution of Me-
chanical Engineers, Part K: Journal of Multibody Dynamics, 232(2):237-252, 2018. doi:
10.1177/1464419317725216.

N.D. Chinh. Determination of optimal parameters of the tuned mass damper to reduce the
torsional vibration of the shaft by using the principle of minimum kinetic energy. Proceedings
of the Institution of Mechanical Engineers, Part K: Journal of Multibody Dynamics,233(2):327—
335,2019. d oi: 10.1177/1464419318804064.

N.D. Chinh. Optimal parameters of tuned mass dampers for machine shaft using the maximum
equivalent viscous resistance method. Journal of Science and Technology in Civil Engineering,
14(1): 127-135, 2020. doi: 10.31814/stce.nuce2020-14(1)-11.


https://doi.org/10.1016/j.jsv.2016.08.035
https://doi.org/10.1016/j.jsv.2004.08.002
https://doi.org/10.1016/j.engstruct.2007.05.007
https://doi.org/10.1016/j.engstruct.2011.05.024
https://doi.org/10.1002/eqe.1138
https://doi.org/10.1016/j.engstruct.2013.08.044
https://doi.org/10.1007/s11831-013-9091-7
https://doi.org/10.1177/1464419317725216
https://doi.org/10.1177/1464419318804064
https://doi.org/10.31814/stce.nuce2020-14(1)-11

	Introduction
	Shaft modelling and vibration equations
	Determination of optimal parameters by using the minimum quadratic torque method (MQT)
	Determination of optimal parameters by using the maximization of equivalent viscous resistance method (MEVR)
	Determination of optimal parameters by using the fixed-point method (FP)
	Numerical simulation
	Comparison of the effect of three methods
	Conclusions

