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Design of circular particle damper for turbopump
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Abmaet：A circular particle damper attached to the turbopump of the liquid rocket engine is

designed．The models of the turbopump with and without the particle damper ale built with finite el—

ement method to evaluate the damping effect on the vibration of the turbopump．In the simulation，

the equivalent structural damping ratio is used to describe the damping performance of the particle

damper．Numerical results show that the particle damper can reduce the vibration of the turbopump

significantly，and has less effect on the dynamic characteristics of the turbopump．
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0 Introduction

In the ground test，the vibration level of the

turbopump is very higll，and usually leads to broken

of some pipes．The turbopump works in the severe

environment．such a8 10w—and high-temperature

environments，and the factors causing the strong vi—

bration of the turbopump are complicated．In order

to suppress the strong vibration of the turbopump，

the methods of damping ale needed．

Particle damper is a passive damping structure

for achieving high structural damping by the use of

a particle-filled enclosure attached to the vibrating

structures[1】-Damping is achieved by dissipation of

the kinetic energy．Particle damping involves energy

absorption and dissipation through momentum ex。

change，friction，and shear deformations．The ad—

vantage of particle damper over the traditional

damper is that particle damper is inexpensive，sim·

ple and able to provide effective damping over a

wide range of frequencies．In addition，particle

damper is robust and can operate in environments

that other traditional dampers cannot．The dynamics

of the particle damper is very complex though the

structure is simple．There ale some analytical rood·

els to describe the particle damper's damping char-

acteristicst2-61，which focus on the damper attached

to a beam．However they ale not suit to use in prac-

tice．Becausle these models are bllilt based on the
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simple beam and also cannot agree well with the ex—

periment results．

In this work，the circular particle damper at-

tached to the turbopump is designed．In order to in-

vestigate the damping effect on the turbopump with

the circular particle damper，the finite element

model of the turbopump is built．The structural

damping of the materials is introduced to describe

the damping mechanism of the particle damper．The

modal analysis and frequency response analysis for

the turbopumps奶tIl and without the particle

damper file performed to make a comparison for the

dynamic characteristics and vibration amplitudes of

the turbopumps．

1 Particle damping

A schematic drawing of particle damper is

shown in Fig．1．The particle damper has tremendous

potential to provide suppression of vibration in a

wide frequency range．The particles can be made

with many materials，such as metal，lead，plastic，
ceramic and 80 on．The size of the particles can also

be diverse，which usually has the diameter of 0．05～

5 mm．The cavity is used to contain the particles，

which usually has the shape of circular cylinder．
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Fig．1 Schematic drawing of a particle damper．

In contrast to viscoelastic materials which dis．

sipate the stored elastic energy，particle damping

mainly arises from the collisions between the parti．
cles，and between the particles and the walls of the

cavity．As a result of these collisions。momentum is

exchanged between the structure and the particles．

Additional energy dissipation occur8 due to frictional

losses．High damping Can be achieved by absorbing

the kinetic energy of the structure as opposed to

many traditional methods of damping where the e-

lastic strain energy stored in the structure is con-

veaed to heat．For example，a very high value of

maximum specific damping capability(一50％)Was

observed in Friend and Kinra's experiment it]．The

particle damper is all attractive alternative in passive

damping with proven effectiveness and insensitivity

to temperature and degradation．
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The experimental setup to test the characteristics

of the particle damper is usually proposed by many

researchers as Fig．2．The particle damper is attached

at the free end of the cantilever and the vibrometer

is used to catch the displacement response of the

beam．The responses of the displacements are

similar to that shown in Fig．3．In Fig．3，the real and

dotted lines represent the response of the beam with

and without the particle damper respectively．Using

this setup，the damping characteristics of the

particle damper with different kinds or different

diameters of particles Can be studied experimentally．
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Fig．3 Displacement responses for the beam

Real line：with particle damper；doned line：

without particle damper．
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2 Circular particle damper design and

analysis

In this study，the particle damper is used to

suppress the strong translational vibration of the tur-

bopump．The particle damper is designed consider-

ing the geometry of the turbopump．The cavity ge—

ometry of the particle damper is shown in Fig．4．The

cavity is composed with three parts．The iron parti-

cles will be put into the cavity．The outer diameter，

inner diameter and the height of the particle damper

are 240 uun，200 lnm and 100 toni respectively．

(a)external appearance (b)internal structure

Fig．4 Cavity configuration of the circular particle damper

The finite element model of the turbopump

without the particle damper is giVen in Fig．5(a)．In

the ground test，the translational vibration of the

turbopump was strong．In order to reduce the

vibration of the turbopump，one particle damper is

attached on the surface of the turbopump(as shown

in Fig．5(b))．

(a)without particle damper (b)with particle damper

Fig．5 Finite element model of turbopump

In the simulation，the density，elastic modulus

and structural damping ratio of the turbopump are

7800kg／m3，2．1GPa and 0．001．respectively．The

equivalent structural damping ratio of the particle

damper near the 2000Hz is assumed to be O．1．The

mass of the particle damper is 1．4 kg，which is

0．66％of the turbopump mass(212．9kg)．

One end of the turbopump(A)is fixed and the

other(B)is simply supported，which are shown in

Fig．5(b)as A and B．The first four natural ffequen-

cies of the turbopump with and without the particle

damper are calculated．The results are listed in

Table 1．As can be seen from Table 1，the natural

frequencies are approximate for the turbopump with

and without the particle damper，which is a litter

lower in the former．So，there is little influence on

the dynamic characteristics of the turbopump caused

by the particle damper．

Tab．1 Natural frequencies of the turbopump with and

without the particle damper．

Frequency／Hz
Mode

Without particle damper With particle damper

The centre point of plane C is excited in the Y

direction to investigate the damping performance of

the particle damper on the vibration of the turbop-

ump．The plane C is the middle plane of the turbine

and perpendicular to the axis of the turbopump(as

shown in Fig．5(b))The exciting frequency is near

1 125 Hz(1 100-1 150Hz)because the first bending

frequencies for the turbopump with and without the

particle damper are 1 1 27Hz and 1 1 30Hz respective—

ly．The representative point P(as shown in Fig．5

(b))is chosen to show the results．Both of the
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models with and without the particle damper are an．

alyzed to make comparisons．The frequency respons—

es of the acceleration of the point P are shown in

Fig．6 and Fig．7．As can be seen from the figures，

the maximum acceleration amplitudes of the point P

in X direction for the turbopump with and without

the particle damper are 2 1 69 and 3339 respectively；

the maximum acceleration amplitudes of the point P

in Y direction for the turbopump with and without

the particle damper ale 3449 and 5289 respectively．

The vibration level of the turbopump with the parti-

cle damper is nearly 65％of without the particle

damper．The results show that the particle dampers

can greatly suppress the vibration of the turbopump．

Frcqueaey／Hz

Fig．6 Accelerations of point P in X direction

Real hne：without particle damper；

dotted hne：with particle damper．

Fmqucney／Hz

Fig．7 Accelerations of point P in Y direction．Real line：

without particle damper；doued line：with particle damper．

3 Conclusions

A passive circular particle damper to reduce

the vibration of the turbopump is designed and

analyzed．In the simulation，the structural damping

ratio is introduced to describe the damping
mechanismofthe particle damper．Further experimental

study will be done to reach the assumed damping

ratio in the paper by arranging the particles，such

as choosing the diameters of the particles and the

mixing ratio of different kinds of particles．
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涡轮泵环形颗粒阻尼器设计
邓长华．周云端

(西安航天动力研究所，陕西西安710100)

摘 要：设计了一种用于液体火箭发动机涡轮泵减振的环形颗粒阻尼器。为研究颗粒阻

尼器的减振性能，基于有限元法建立了附加颗粒阻尼器以及不加颗粒阻尼器的涡轮泵模型，

计算过程中采用结构阻尼系数来描述颗粒阻尼器的阻尼特性。仿真结果表明．颗粒阻尼器能

够显著降低涡轮泵的振动，并且对涡轮泵的动态特性影响很小。

关键词：颗粒阻尼器；涡轮泵；减振
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