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OPTIMUM ABSORBER PARAMETERS FOR ROTATING SHAFTS
WITH VARIABLE ANGULAR VELOCITY

CAC THONG SO TOI UU COA BO HAP THU DONG LUC CHO CAC TRUC QUAY VGI VAN TOC GOC THAY DO

ABSTRACT

The rotating shaft is used to transmit torque from a driving device, such as a
motor or engine. The rotating shaft can carry pulleys, gears, etc to transmit
rotary motion via belts, and chains, mating gears. But the shaft is not always
rotating at constant angular velocity but due to unstable current or due to
sudden acceleration or deceleration. The rotating shaft with variable angular
velocity. Therefore, this paper studies to determine the optimal parameter of the
tuned mass damper to reduce the torsional vibration for the rotating shaft with
variable angular velocity by using the maximization of equivalent viscous
resistance method.

Keywords: The rotating shaft, torsional vibration, equivalent viscous resistance,
optimum absorber parameter.

TOM TAT

Truc quay dugc sir dung d€ truyén mo-men xodn tir thiét bi truyén chuyén
dong, chang han nhu motor hodc dong ca. Truc quay ¢d thé mang rong roc, banh
rang,... dé truyén chuyén dong quay qua day dai, day xich hodc banh ring phdi
ghép. Nhung khdng phdi liic nao truc ciing quay véi van t6c goc khong ddi ma do
dong dién khdng on dinh hodc do tang gidm téc dot ngdt. Truc sé quay véi van
t6c goc thay déi. Do d6, bai béo nay trinh bay nghién cttu xéc dinh cac tham s6 t6i
uu cdia bo hdp thu dong luc d€ gidm dao ddng xodn cho truc quay ¢6 van téc géc
bién ddi theo phuong phap cuc dai luc can nhét tuong duong.

Tir khéa: Truc quay, dao ddng xodn, luc cén nhét tuong duong, tham s6 téi uu
ctia bg hdp thu dong luc.
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1.INTRODUCTION

Absorber is a tuned-mass damper (TMD), or dynamic
vibration absorber (DVA), is found to be an efficient,
reliable, and low-cost suppression device for the technical
constructions and mechanical devices [1-10]. In [5-8]
studied to find the optimal parameter of the DVA to reduce
torsional vibration for the shaft. When designing absorbers
to reduce vibration for the main system, the shape of the
absorbers is quite rich, depending on the type of structure
to be installed. So, in [1-4] studied and determined the
optimal parameters of the TMD to reduce torsional
vibration for the shaft. However, the studies in references
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[1-8] only considered the rotating shaft with constant
angular velocity.

To the best knowledge of the authors, there have been
no studies based on the maximum equivalent viscous
resistance method to determine the optimum parameters
of the TMD for the rotating shaft with variable angular
velocity. So, to overcome the limitations and develop the
research results in references [1-4]. In this paper, the author
continues to find the optimal parameters of the TMD to
reduce torsional vibration for the shaft, in which the
rotating shaft with variable angular velocity by using the
maximum equivalent viscous resistance method according
to the reference [9].

2. SHAFT MODELLING AND VIBRATION EQUATIONS

Figure 1 shows a pendulum type TMD attached to a
shaft. The symbols of the shaft and TMD are summarized in
Appendix.

Figure 1. Shaft model attached with a TMD
From [4], we have

[3Mp? +2(m,12 +3mL2)]o, .

+2(m 2 +3mL2) @, + 3k, (@, — 9) —3M(t) = 0
@m,% +6mlL?),+22m,% +6mL>) ¢, +6cL> ,+ 3k ¢, =0 (2)

In this paper, the author considers the cause of torsional
vibration for the system is because the rotating shaft with
variable angular velocity, so we have:

0, —(p(t)=9—>([)1 =0+¢(b); (-P1 =-9+(-P(t); él')1 =6+(P(t) (3)
M(t)=0
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Introduce the parameters

k k
“:m,ut:ﬂ,mé: t29m§: 3 m 5
M M Mp 2(3m+m,)L @
F,—3—c 04 =0my, L= o =Pw
2(3m+mt)wd’ d D> P D

Substituting Egs. (3, 4) into Egs. (1, 2). The matrix
equation of the system can be rewritten as

0| |¥vn v, V¥, ¥, |lo 0
: Yy W, W Y 0l-
f\f’Z — 22 23 24 (.I‘)Z + (P(t) (5)
0 ¥ Y, Y, Y., 0 -1
L P2 _\P‘” lI142 \P43 \P44 JLe ] L O_
in which

. . 2, 2, . .
V=0, ¥y =0; W3y =—op; Wy =0p; ¥y, =0, ¥, =0

g 2Bup)re’el o, GHew +2u o)
RN= 5, s ip= ;
3 3 (6)
Vi3 =1 Wy =0 ¥33=0; ¥y5=0; ¥;,=0; ¥y =1
g AGuH )& ey o, | 2B+617 +2u7)Coe,
=TT 3 o twT 3

3. DETERMINATION OF OPTIMAL PARAMETERS OF THE
TMD

After short modification the Egs. (1-3), we obtain

Mp? 0+k,0 =k _o, +2cL> ¢,— Mp? ¢(t) (7)

So, the torque equivalent of the TMD set on the rotating
shaft is

M., =k.0, +2c> g, 8)

e

According to [9], the equivalent resistance coefficient of
the TMD on the primary structure is obtained as

o
=———— 9)

C - —

T

Substituting Eq. (8) into Eq. (9), this becomes
2cl? <§oz é> +k | <(p2 é>
CEqv = 2
)

If the primary system is excited by the angular

(10)

acceleration of the rotating shaft, i[;(t), is assumed as white
noise, has the spectral density Y, then the average value of
Eq. (10) are the components of the matrix Ain Eq. (12). We
have

2cl’A,, +k, A,

=32 1
eqv A33 ( )
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Matrix Ais a solution of Lyapunov algebraic equation in
Eq. (12).

YA+AY'+Y.Z.Z" =0 (12)

where
Y Y, Y., Y., 0
yo| T Y Fa Ya 7, = 01 (13)
P s, Y Yy, -
0
_lP“ lI142 lI143 \P44 i

Substituting Eq. (13) into Eq. (12), the matrix A can be
determined as:

AH A12 A13 A14

A — A21 AZZ AZB A24 (14)
A31 ABZ A33 A34
A41 A42 A43 A44

in which

1 2, 1o
3[(u+§ut)v +5] Y,
32 (15)

Gu+p)y’ oy

1 1 1
§+(E+(H+§Ht)}’2)30€4
3Y,

a

1 1 1.1 1
RE U+ +=& =)+t —p )y )
Gty 408 G gy

33

Gu+p, )y Eo,

1 Y. [@uy +6py’ +3) 0 - 9]
72

34

1
(n+ gut)vziawp
Using Egs. (4, 11, 15-17) gives

11
—8(- m+—m, ), 0&y’p’
o =n 2 6 ]
eqv 1 1
a“v4u2(8v2(u+§ut)+12)+oc2v2(u+§ i)

(16y4(u+%ut)§2 +168° +60° —4)+a’

Ha’E -2’ +1

Maximization of the equivalent resistance coefficient
are expressed as

OCeqy o
aa MEVR — - (1 9)
OC ooy ~0 20)
% G =t

Combining Eq. (18) with Egs. (19-20), we obtain the
optimal parameters as follows
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MEVR _ 3

P 2py7 +6py’ +3

EVER _ Yo/ 30+ 1 (22)
o J6+12uy% +4p,y?

Egs. (21, 22) represent the optimal parameters of the
TMD to reduce the torsional vibration of the rotating shaft
with variable angular velocity by using the maximization of
equivalent viscous resistance method.

4. NUMERICAL SIMULATION

To evaluate the reliability of the optimal parameters are
determined by Eqgs. (21, 22). The author simulates the
vibration of the system with the input parameters of the
rotating shaft and TMD are given in Table 1.

(21)

Table 1. The input parameters of the rotating shaft and TMD
Parameter| M p k, m | m L H y
Value [450kg| 1.2m |10°Nm/rad | 14kg| 11kg | 1.0m | 0.035 | 0.83

From Eqgs. (4, 21, 22) and Table 1, we infer the optimal
parameters of the TMD in Table 2.

Table 2. The optimal parameters of the TMD

MEVR MEVR
Parameter Ol & c k.
Value | 0.954 | 0.107 | 126.08Ns/m 43996.26Nm/rad

4.1. Case 1: Initial torsional vibration 6,= 0.03(rad)

From the parameters in Tables 1 to 2 and case 1, using
Maple software simulates the torsional vibration of the
rotating shaft is shown in Figure 2.

0.03

0.024

0.014

Torsional vi bration (rad)

0 s 1 15
Time (s)

with TMD -« --- without DIDl
Figure 2. The vibration of the shart in the case with initial torsional vibration
8,=0.03(rad)

4.2, Case 2: Initial torsional vibration 6, = O(rad)and

initial angular velocity of 8 =1.0 (rad/s)

Torsional vi bration (rad)

] 0 { 1
Time (s)

with TMD -« - -+ without TMD |
Figure 3. The vibration of the shart in the case with initial angular velocity of
60=1.0 (rad/s)
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From the parameters in Tables 1, 2 and case 2, Maple
software is usedto simulate the torsional vibration of the
rotating shaft is shown in Figure 3.

4.3. Case 3: Initial torsional vibration 8, = 0.03(rad)and

initial angular velocity of 60 =1.0 (rad/s)

From the parameters in Tables 1,2 and case 3.The
author uses Maple software to simulate the torsional
vibration of the rotating shaft is shown in Figure 4.
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Figure 4. The vibration of the shart in the case with initial torsional vibration

8,= 0.03(rad)and initial angular velocity of 6, =0, 03(rad)

From Figures 2, 3 and4. We find that the optimal
parameters of the TMD are defined in this paper has a good
effect for reducing torsional vibration of the rotating shaft.

5. CONCLUSION AND DISCUSSION

The main objective of this paper is to find the optimal
parameters of the tuned mass damper to reduce torsional
vibration for the shaft in the case of the rotating shaft with
variable angular velocity. The optimal parameters of the
tuned mass damper are determined by the maximization of
equivalent viscous resistance method are expressed
according to equations (21, 22). To evaluate the effect of
reducing vibration, the author uses Maple software to
simulate the torsional vibration of the whole system.
Through vibration simulation, we find that the vibration
amplitude of the rotating shaft is suppressed when the
tuned mass damper is installed. This confirms that the
optimal parameters of the tuned mass damper are found in
this paper are reliable. Helping scientists easily find the
optimal parameters when applying to eliminate torsional
vibration of the rotating shafts with variable angular
velocity.
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APPENDIX
Notation
m Concentrated mass at the top of the TMD
k., Torsional stiffness of spring of the TMD
d Damping coefficient of damper
L Length of a pendulum of the TMD

Vol.57 - No. 1 (Feb 2021) e Journal of SCIENCE & TECHNOLOGY | 45



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

k, Torsion spring coefficient of shaft

m, Mass of pendulum rod

P Radius of gyration of primary system
Mass of of primary system

0) Angular displacement of the shaft

@, Angular displacement of rotor

o, Relative torsional angle between TMD
and rotor

Torsional vibration of the primary system

0, Initial condition of the torsional vibration
angle
M Ratio between mass of the TMD and mass

of primary system
Tuning ratio of the TMD

£ Damping ratio of the TMD

®p Natural frequency of vibration of primary
system

0y Natural frequency of vibration of the TMD

® Frequency of angular acceleration of the

rotating shaft

¥ Ratio between length of pendulum and
radius of gyration of rotor
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