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Abstract.  This research is aimed to design and analyze the performance of double dynamic vibration 

absorber (DVA) using a pendulum and a spring-mass type absorber for reducing vibration of two-DOF 

vibration system. The conventional fixed-points method and genetics algorithm (GA) optimization 

procedure are utilized in designing the optimal parameter of DVA. The frequency and damping ratio are 

optimized to determine the optimal absorber parameters. The simulation results show that GA optimization 

procedure is more effective in designing the double DVA in comparison to the fixed-points method. The 

experimental study is conducted to verify the numerical result. 
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1. Introduction 
 

The dynamic vibration absorber (DVA) is a device which is added on a body or structure to 

reduce vibration. The concept of DVA was firstly proposed by Frahm in 1909. Early studies 

outlined the basic theory and analytical method to optimize undamped and damped single mass 

DVA for the entire frequency range was conducted by Ormondroyd and Den Hartog in 1956. 

DVAs are widely used on structures and machinery to passively reduce vibration. One 

application of DVA is for reducing vibration of tower suspension bridge (Casciati and Giuliano 

2009). Other applications which DVAs were also used including controlling multi storey building 

vibrations (Seto et al. 2011), seismic protection of high towers (Giuseppe et al. 2008), reducing 

chatter during boring operation (Hu et al. 2013) and suppressing image transfer belt system 

vibration (Yu et al. 2013). Nigdeli and Bekdas (2013) evaluate the application of TMD for 

preventing Brittle Fracture of RC Building. 

The DVA performance will work effectively when the optimal DVA parameters are selected. 

For single degree of freedom (SDOF) vibration system, the optimal DVA parameters can be 

calculated directly using dynamic properties of SDOF main system. In this situation, the optimal 

natural frequency and damping ratio of the DVA are calculated as functions of DVA-structure mass  

                                          

Corresponding author, Ph.D., E-mail: lovelyson@ft.unand.ac.id 
aProfessor, E-mail: mulyadibur@ft.unand.ac.id 
bPh.D., E-mail: meifal@ft.unand.ac.id 



 
 

ratio (W
App

has be
tuned m

 Ev
and pe
its nee
TLCD
vibrati
vibrati
DVA f
SDOF 
frequen
on this
system
this co
result. 

Now
DVA p
Nigdel
an accu
the vib

 In
model.
mode a
mode o
is depi

Firs
effect 
main s
DVA a
optimi

Wu et al. 200
plication of 

een investiga
mass damper
ven thought t
erform better
eds the large

D have been 
ion system (
ion system, t
for each vibr
 systems wh
ncy and corr
s decoupled 

m usually cha
ondition, the

 
wadays, som

parameters (A
li 2011). Trib
urate assessm

bration respo
n this researc
. The first D
and the seco
of the main 
icted in Fig. 
stly, the abs
of the first a
system vibra
are calculate
ization is de

Lovel

Fig. 1

09, Ghosh an
the active tu
ated (Gong e
r (ATMD) fo
the active tu
r than passiv
e actuator to

used to su
(Zhul et al. 
the modal an
ration mode o
hich obtained
responding d
SDOF syste

ange by shift
e absorber d

me methods h
Ahn and Ngu
butsch and A
ment of the T

onse of adjace
h, a double-D

DVA consist o
ond DVA con
system. The
1. 
sorber param
and the secon
ation level is
d using gene

erived from 

ly Son, Mulya

1 Two-DOF bu

nd Basu 2007
uned vibratio
et al. 2012)
or controlling
ned mass dam

ve DVA, how
o realize the
uppress the 

2015). In t
nalysis appro
of the main 
d by modal 
damping rati
em. However
ting the natur

design using 

have been pr
uyen 2011, X
Adam (2012)
TMD perform
ent structure
DVA system
of a SDOF p
nsist of SDO
 schematic d

meters are d
nd DVA mas
s analyzed. I
etics algorith
frequency r

 
 
 
 
 
 

adi Bur, Meifa

uilding model

7).  
on absorber (
. Hashem an
g the seismic

amper can red
wever for a la
e tuned para
vibration lev
the conventi

oach usually 
system are s
coordinate t

io are then c
r, in the real
ral frequency
decoupled 

roposed by se
Xiang and N
) conduct op
mance. Rece

es has been d
m is applied to
pendulum sy

OF spring-ma
diagram of tw

designed usin
sses on the p
In the secon
hm (GA) opt
response fun

al Rusli and Ad

l using double

ATVA) for m
nd Hessamo
c response of
duce vibratio
arge structur

ameters of th
vel of mult
ional design
used (Seto e

separately de
transformatio
calculated us
l application
y of the syst
SDOF main

everal resear
Nishitani 201
ptimal tuning
ently, optimu
developed (N
o reduce the 
stem is used

ass system fo
wo-DOF bui

ng conventio
performance 
nd step, the 
timization pr

nction (FRF)

driyan 

e DVA 

multi modes 
oddin (2014)
f a multistory
on over a bro
re such as bu
he absorber. 
i degree of 

n of multiple
et al. 2011). B
esigned using
on method. 
sing fixed-po
n, the charact
em due to th
system wil

rchers for de
3, Yang et al
g of TMD pa
um design of
igdeli and B
vibration of

d for reducing
or reducing th
ilding model 

onal fixed-p
of double D
optimum pa
rocedure. Th
) of the vibr

vibration pr
) propose an
y building. 
oad frequency
uildings and 

Recently, m
f freedom (M
e DVA for 
By this meth
g several dec
The optimal
oints method
teristic of th

he DVA addi
ll give non-o

esigning the o
l. 2014, Bekd
arameters to

f TMD for re
Bekdas 2014)
f two-DOF b
g the first vi
he second vi
l using doubl

points metho
DVA in reduc
arameters of 
he cost funct
ration system

roblems 
n active 

y range 
bridge, 

multiple 
MDOF) 
MDOF 

hod, the 
coupled 
l DVAs 
d based 
he main 
tion. In 
optimal 

optimal 
daş and 

o obtain 
educing 
.  

building 
ibration 
ibration 
le DVA 

od. The 
cing the 

double 
tion for 
m. The 

162



 
 
 
 
 
 

Design of double dynamic vibration absorbers for reduction of two DOF vibration system 

effectiveness of DVA designed by GA will be compared to the conventional DVA design using 
fixed-points method. Finally, the experimental study is conducted to verify the simulation result.  

 
 
2. System modelling 
 

2.1 Governing equation of the system 
 

 Two-DOF spring-mass system is used to simplify the building model as shown in Fig. 1. Two 
dynamic absorbers consist of a pendulum and a spring-mass system are attached to the second 
mass of the main system as depicted in Fig. 2. It is assumed that the relative axial displacements of 
connecting beam shown in Fig. 1 are much smaller than its lateral displacement and the rotating 
motion of the floors are neglected. Therefore, the spring stiffness in horizontal motion can be 
calculated using theory of beam element for fixed-fixed boundary condition. This stiffness is then 
easily found as 

 3
12 b b

b
b

E I
k 

                                  

(1) 

where Eb, Ib and ℓb are elastic modulus, inertia moment and length of beam, respectively. Because 
of each floor are connected by four beam elements, the equivalent stiffness can be calculated by 

 3
12

4 4 b b
e b

b

E I
k k   

                             

(2) 

The governing equation of Two-DOF building using double dynamic absorber as shown in Fig. 
2 can be written as 

1 1 1
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X t
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 (3) 

or 

              M x C x K x f                           (4) 

where R is the pendulum length. For simplification purpose, the damping components of the main 
system are set to be zero. This assumption is realistic for structural damping of the main system 
used in this case study. However, the damping components of the absorber cd1 and cd2 are added 
into the governing equation of the system as depicted in Eq. (3). By using the modal analysis  
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3.1.1 Equivalent system with pendulum type absorber 
Fig. 4(a) shows the SDOF equivalent model of main system for the first vibration mode at x2 

coordinate point with pendulum type absorber. The stiffness and mass of this equivalent model are 
obtained using Eq. (8). Governing equation of the system are written in matrix form as 

 
1 1 1
2 1 1 2 2

02
11 1 1

0 0 0
sin

0 0 0
d d

dd d d

x x xM m m R K K
X t

cm R m R m gR

            
             

           


  
 
 

      
(10) 

The normalized amplitude of the main system is calculated by  
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3.1.2 Equivalent system with mass-spring type aAbsorber 
The SDOF equivalent model of main system for the second vibration mode at the x2 coordinate 

point with mass-spring type absorber is depicted in Fig. 4(b). The stiffness and mass parameters 
for this equivalent model are calculated using Eq. (9). Equations of motion of the system can be 
expressed in 
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    (12) 

The main system normalized amplitude is written by  
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3.1.3 Optimum tuning frequency and damping ratio 
The optimum tuning frequency of absorber using two fixed-points method has been derived by 

Den-Hartog (1956). The optimum tuning frequency for the pendulum and mass-spring type 
absorber are expressed as follows 

1
1

1

1optf 
 

 ; 2
2

1

1optf 
 

                         (14) 
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The optimum damping ratios are given by 

 
 

2 1
1

1

3

8 1opt 




; 
 

2 2
2

2

3

8 1opt 




                     (15) 

 
3.2 GA optimization procedure 

 
The genetic algorithm (GA) is an optimization and search technique based on the principles of 

genetics and natural selection (Haupt and Haupt 2004). This method selects one population 
composed of many individuals utilizing specified criteria, which minimize the cost function. The 
method was developed by John Holland and popularized by one of his students, David Goldberg.  

In the case of dynamic absorber design, generally two optimization criteria can be used for 
obtaining the optimal absorber parameters. In the first criterion, the objective is to minimize the 
maximum amplitude ratio of the response of the primary system to excitation force or motion. In 
another criterion, the objective is for reducing the total vibration energy of the system in the 
overall frequencies.  

In this research, the first optimization criterion is used for calculating the optimum parameters 
of dynamic absorber using GA procedure. To achieve this purpose, the objective function is 
formulated as the sum of the maximum amplitude ratio in the frequency region that is close to 
each natural frequency of the main system. For two-DOF building model with dynamic absorbers 
as shown in Fig. 1, the cost function is calculated by 

    1 2max max 1Cost function wF w F                     (16) 

Variable w in Eq. (16) denotes the weighting number. Variables F1 and F2 are functions which 
describe the amplitude ratio between response and excitation signal. These two functions are 
evaluated for frequency range near to the first and the second natural frequency of main structure. 
These amplitude ratios can be obtained by calculating the absolute value of frequency response 
function as given by  

     
   2

1

N
jr kr

jk
r r r r

F
k m i c

 
 

  
 

                    (17) 

Where 

 
1 11 at L RF F                                (18) 

 
2 22 at L RF F    

                           
(19) 

Variables L1 and R1 denote the left and right side boundary of the first frequency function.  
The same rule is also applied to L2 and R2 for the second frequency function. The optimized 
variables for optimization are frequency ratios f1 and f2 and damping ratios 1 and 2. For two-DOF 
building model with double dynamic absorbers, variable f1 and f2 are calculated using Eq. (14). 
Meanwhile, variable 1 and 2 are calculated from Eq. (15).  

Fig. 5 shows the GA algorithm procedure in calculating the optimal parameter of double 
dynamic vibration absorber. The algorithm begins with defining the cost function, variables and 
GA parameters such as population size, number of parameters, fraction of population kept and  
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