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Abstract. In the complex environment of the battlefield and dust weather, hard objects including birds, bullets,
sand and others will inevitably cause impact damage to the compressor blades of turboshaft engines. The damage
will further result in fatigue vibration of the gas generator rotor and catastrophic accidents such as excessive
engine vibration and even crash. The relation between oil film clearance of dampers and damping of rotor systems
as well as the damping and vibration amplitude of a rotor system are analyzed. The functional relation between
oil film clearance and vibration amplitude is derived. Taking the gas generator rotor of a certain turboshaft engine
as an example, the rotor dynamic model of a gas generator rotor with oil film bearing clearance is constructed, and
the vibration response of the rotor system under different oil film clearances is analyzed. A new type of squeeze
film damper (SFD) structure with piezoelectric-driven split pads is innovatively designed, and the vibration
control system of the gas generator rotor is built. In addition, experimental research on rotor fault vibration
control under different oil film clearances is carried out. The results show that, within a certain range, when oil
film clearance decreases, amplitude will decrease. Under the experimental conditions, when the driving voltage
of the piezoelectric actuator is adjusted from 0 to 70 V, the oil film clearance decreases from 156 to 118 µm.
Then, the vibration amplitude decreases and gradually reaches stability after 0.036 s, and the vibration amplitude
of the rotor system decreases by 12 %. When the driving voltage of the piezoelectric actuator is adjusted to
150 V, the oil film clearance decreases to 76 µm, and the vibration amplitude of the rotor system decreases by
28 %. When the new SFD adopts a piezoelectric-driven split-pad structure, the structure can adjust quickly the
oil film clearance online so as to control the vibration of the rotor system. The research results can provide a
technical reference for the vibration control of turboshaft engine rotor systems.

1 Introduction

When helicopters carry out transportation, combat and other
tasks in the complex environments of battlefields and dust
weather, hard objects including birds, bullets, sand and
stones in the environment will inevitably enter the turboshaft
engine along with the air flow. Hard objects strike engine
blades for a short time, causing impact damage to compressor
blades such as pits and notches. This results in high-order fa-
tigue vibration by blade detuning, which further causes blade

angle loss and accelerates the evolution of compressor ro-
tor imbalance. On the other hand, after passing through the
compressor, some particles will deposit and block the film
holes of the turbine blades. These phenomena will change
the distribution of the temperature field, causing non-uniform
thermal deformation of the blades to produce rotor imbal-
ance. With the accumulation and aggravation of the dam-
age degree, nonlinear faults like rotor–stator rubbing may be
caused, resulting in catastrophic accidents such as excessive
engine vibration and even crashes (She et al., 2018; Li et al.,
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2019), which seriously endangers the safety of aircraft and
personnel (Evstifeev et al., 2018; Frankel et al., 2012; Jiang
et al., 2023). Therefore, it is of great engineering significance
to study new vibration control technology for rotor faults of
turboshaft engines to improve the safety service capability of
helicopters.

In order to reduce the vibration of the device and increase
its operation safety, a large number of scholars have carried
out dynamic analysis and research on structures of devices
(Ma et al., 2014; Wang et al., 2015; Yang et al., 2019; Chen
et al., 2019; Zhao et al., 2019; Zhang et al., 2021; Shi et
al., 2023a), such as blade impact damage law and blade vi-
bration measurement. By studying the law of blade impact
damage and summarizing the formation mechanisms of ro-
tor faults, this can provide a theoretical basis for vibration
control methods of the rotor system. Nicholas (2006) sum-
marized the types of blade damage and found that burrs,
pits, tears and notches were related to high-frequency fa-
tigue vibration of blades. Sinha et al. (2011) studied the
change rule of blade dynamic load with the impact time of
external objects and determined the impact location of the
blade dynamic load peak. Wang et al. (2020) presented an
improved non-contact dynamic stress measurement method
based on a fundamental mistuning model. The study pro-
vided a roadmap to measure the dynamic stress of a rotating
mistuned disk. Feulner et al. (2015) established a model of
hail breakage in the low-pressure compressor of a turbofan
engine and found that hail breakage mainly occurred during
the impact on the first-stage blade. Mohammadi and Khod-
dami (2020) studied the effects of impact particle size, veloc-
ity and angle on the impact behavior of compressor blades
under different temperature fields by simulating the impact
behavior of compressor blades. Li et al. (2021, 2023) and Bin
et al. (2023) designed and built a Ti-6Al-4V alloy erosion
wear test bench to study the distribution area of compres-
sor blade erosion wear. The results showed that there were
areas of wear concentrated on the pressure surface of the ro-
tor blade and the suction and pressure surfaces of the stator
blade. Moreover, the erosion wear degree of rotor blades un-
der the design speed is obviously higher than that at other
speeds, and the imbalance magnitude of different rotor blades
caused by erosion damage is different. Yang et al. (2022)
summarized the damage mechanism of the blade from the
aspects of the impactor’s size, hardness and shape and ana-
lyzed the advantages and disadvantages of the test methods.
Finally, they summarized different ways of protecting against
foreign-object damage, aiming at four foreign objects includ-
ing sand, metal, birds and ice in this paper. Ma et al. (2013a)
investigated the effects of the seal force and oil film force
on the first- and second-mode instabilities under two loading
conditions which are determined by API Standard 617 (Ax-
ial and Centrifugal Compressors and Expander-compressors
for Petroleum, Chemical and Gas Industry Services, Seventh
Edition). The results show that the second loading condition
(out-of-phase imbalances of two disks) and the nonlinear seal

force can mainly restrain the first-mode instability and have
slight effects on the second-mode instability (Zhang et al.,
2023). This paper proposes a novel diagnosis indicator for
rotor systems with rub-impact faults. The experimental re-
sults reveal that the proposed indicator can help judge the
different severities of rub-impact faults.

Compressor blade damage caused by external impact can-
not be repaired in time during operation, so it is necessary
to control the impact of fault vibration caused by damage.
In order to improve the stability of the rotor system and re-
duce the amplitude, many scholars have carried out a large
number of studies (Sivrioglu, 2007; Bin et al., 2018b; Pan
et al., 2022; Shi et al., 2023b), including changing structural
parameters, improving bearings, designing various dampers
and optimizing control methods. In terms of changing struc-
tural parameters (Wang et al., 2016; Zhong et al., 2021),
Wang et al. (2015) studied the influence law of inner and
outer clearance on turbocharger vibration. The simulation re-
sults show that the speed for the appearance of fractional fre-
quency is not identical and that the amplitude magnitude is
different under the four kinds of bearing manufacturing toler-
ance limit clearances. Ma et al. (2021) investigated the effects
of different structural parameters such as bearing clearance,
imbalance and centralizing spring stiffness on the steady-
state responses of the dual-rotor system. Bin et al. (2018a)
studied the imbalance (me) vibration caused by operational
wear and uneven carbon absorption in compressor and tur-
bine wheels. The research shows that, as the imbalance mag-
nitude increases from 0.05 to 0.2 g mm, the vibration com-
ponent changes from mainly 0.12× to synchronous vibra-
tion 1×. Bin et al. (2021) studied the influence of dynamic
ring / speed ratio change on the vibration response of a float-
ing ring bearing. The results show that when the ring / speed
ratio is between 0.18 and 0.24, the rotor is in a good operating
state. Ma et al. (2013b) investigated how the eccentric phase
difference between two disks influences the oil film insta-
bility (the first-/second-mode whirl/whip) in a rotor-bearing
system. In terms of improving bearings (Chasalevris and
Dohnal, 2015; Pinte et al., 2010), Choy and Halloran (1982)
designed a hydrostatic squeeze film damper (SFD) to reduce
vibration based on the concept of hydrostatic bearing. How-
ever, this kind of damper requires an additional fuel supply
device that provides a high oil pressure, so it is difficult to
apply in aero-engines. Chasalevris and Dohnal (2014) pro-
posed a passive adjustable sliding bearing, which can effec-
tively reduce the resonance amplitude of the journal, but the
damping frequency band is limited, and most of them are
suitable for high-frequency vibration. In terms of designing
various dampers (Lu et al., 2019), Forte et al. (2004), Wang
et al. (2019) and Piccirillo et al. (2015) studied the vibra-
tion reduction effect and strategy of a Mr Fluid damper in a
rotor system. Zhu (2001) proposed the magnetorheological
fluid SFD that changes the flow form of a magnetic fluid by
applying a controllable magnetic field in the oil film region
so as to control the dynamic characteristics of the damper
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and effectively control the overcritical vibration of the ro-
tor. However, the operating temperature range of the ER-
F/MRF (electrorheological fluid/magnetorheological fluid) is
narrow, and the zero electric field viscosity is high. After a
period of use, particle deposition will occur, resulting in poor
stability, which will further affect its popularization and ap-
plication. Das et al. (2008) found that the electromagnetic
damper can eliminate the imbalanced vibration generated by
the rotor operation in the process, but the control system of
electromagnetic force is difficult to realize. In terms of opti-
mizing control methods, Mu et al. (1991) proposed an active
SFD, which uses a hydraulic mechanism to control the ax-
ial position of the outer ring of the damper. The device can
actively adjust parameters such as the clearance and width
of the oil film so that active control of its damping charac-
teristics can be realized. Santos and Ncoletti (2001) changed
the lubrication performance of the sliding bearing through
the hydraulic control system. It was found that this method
could reduce the vibration of rigid rotor systems. However,
the above two methods are inflexible and cannot meet the
demands of rapid control of rotor fault vibration.

Piezoelectric materials can exhibit piezoelectric and in-
verse piezoelectric effects due to different transformation di-
rections. In recent years, due to the development of piezo-
electric materials, various new types of piezoelectric materi-
als have emerged, such as piezoelectric ceramics, which have
received widespread attention. On the one hand, piezoelec-
tric ceramics can be used as both sensors and actuators. On
the other hand, piezoelectric ceramics have the advantages of
fast response, large output force and displacement, and sim-
ple installation. Therefore, piezoelectric ceramics are very
suitable for vibration control of rotor systems. Macro Fiber
Composite (MFC) is a type of piezoelectric material that em-
beds piezoceramic nanoparticles in a polymer matrix for ac-
tive control. By optimizing the MFC modeling approach, the
asymmetric hysteresis phenomenon of MFC actuators can
be accurately modeled (Fu et al., 2022), thereby enhancing
the control performance of piezoelectric materials. In the late
1980s and early 1990s, Palazzolo et al. (1989) and Pritchard
and Adelman (1990) first carried out research on rotor vibra-
tion active control based on piezoelectric actuators. In this
century, Malgaca et al. (2015) found that the amplitude of
rotating blades could be inhibited by piezoelectric materi-
als installed at the roots of blades. Horst and Wölfel (2004)
carried out active control of rotor mass imbalance vibration
by attaching piezoelectric materials to the rotating shaft, and
the effectiveness of this method was verified by simulation
and experiments. Jamshidi and Jafari (2021) evaluated non-
linear vibration of a conical shell with a piezoelectric sensor
patch and a piezoelectric actuator patch. The results showed
that the piezoelectric patches can have higher impacts on the
free nonlinear vibration response of conical shells, and they
can decrease the vibration amplitude dramatically. In order
to solve the problem of imbalanced vibration of the aero-
static spindle, Chen et al. (2023) designed a new type of con-

trollable radial aerostatic bearing by combining piezoelectric
ceramics to reduce the vibration amplitude due to the imbal-
ance. Singh et al. (2021) proposed active vibration control
of a smart cantilever beam using a poling-tuned piezoelec-
tric actuator. Rossi et al. (2023) proposed a new piezoelectric
active system and developed an analytical model to mitigate
the torsional vibrations using the bending moments exerted
by the PZT (piezoelectric) actuators. Hashemi et al. (2022)
studied a smart active vibration control system containing
piezoelectric actuators, jointly with a linear quadratic regu-
lator controller, to control transverse deflections of a wind
turbine blade.

Therefore, this paper analyzed the relation between oil
film clearance of the damper and damping of a rotor system
and the damping and vibration amplitude of a rotor system.
The functional relation between oil film clearance and vibra-
tion amplitude was derived. The results show that, within a
certain range, when oil film clearance decreases, amplitude
will decrease. Taking the gas generator rotor system of a cer-
tain turboshaft engine as an example, the dynamic model of
a gas generator rotor with oil film bearing clearance is estab-
lished. At the same time, the vibration response of the rotor
system under different oil film clearance is analyzed. A new
type of SFD structure driven by piezoelectric split pads is in-
novatively designed. The vibration control system of the gas
generator rotor was built to control the fault vibration of the
rotor system. This study provides a reference for vibration
control methods after the impact damage of the rotor system
of the turboshaft engine caused by fault vibration.

2 SFD principle analysis

The general differential equation of motion of the rotor sys-
tem is as follows:

Mẍ+Cẋ+Kx = F, (1)

where M is the mass matrix of the rotor system, C is the
damping matrix, K is the stiffness matrix and x is the radial
displacement.

The SFD structure diagram is shown in Fig. 1a, and the
SFD mode is shown in Fig. 1b. The stiffness k of the elas-
tic support system is the total stiffness of bearing stiffness
k1 and squirrel-cage elastic support stiffness k2 connected
in parallel with oil film stiffness k3. The sum of the damp-
ing ratio produced by bearing damping c1 and squirrel-cage
elastic support damping c2 in an aero-engine is usually less
than 5 %, which is far less than the damping ratio produced
by SFD damping c3. Therefore, the total damping c of the
elastic support system can be regarded as SFD damping c3.

When the steady-state synchronous circle process is per-
formed around the center line of the bearing by rotating the
center of the journal, the damping stiffness and damping are
calculated by the half oil film theory of the short bearing
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Figure 1. SFD structure.

based on the Reynolds equation. We can obtain
K =

µRL3

c3 ·
2�ε

(1−ε2)2 ,

C =
µRL3

c3 ·
π

2(1−ε2)3/2 ,
(2)

where C is the damping value of the equipment (Ns m−1),
π is 3.141592653, µ is the viscosity of lubrication (Cst), R
is the radius of the damper clearance area (m), L is the ax-
ial length of the clearance (m), ε is eccentricity and c is the
damping oil film clearance (m). Thus, oil film damping is
inversely proportional to the third power of the oil film clear-
ance.

From Eq. (1), when F= 0, the system motion is free vibra-
tion, and Eq. (1) is as follows:

Mẍ+Cẋ+Kx = 0. (3)

According to the vibration equation, we have

x (t)= e−δt (P cosωt +Qsinωt) , (4)

where ω is the angular frequency. δ is the damping coeffi-
cient.

Suppose that{
x (0)= x0,

ẋ(0)= v0.
(5)

Based on the initial conditions, P and Q can be obtained:

P = x0,Q=
v0+ δx0

ω
. (6)

According to Eq. (6), Eq. (4) can be expressed as

x (t)= e−δt
(
x0 cosωt +

v0+ δx0

ω
sinωt

)
. (7)

Hence,

x (t)=

√
x2

0 +

(
v0+ δx0

ω

)2

e−δt sin(ωt +ϕ) . (8)

When t = (4k−3)π−2ϕ
2ω ,k ≥ 1 (k ∈N ), x(t) is a positive peak

value of amplitude.
So,

x (t)=

√
x2

0 +

(
v0+ δx0

ω

)2

e−δt . (9)

Taking the logarithm of both sides of Eq. (9), we can obtain

lnx (t)= ln

√
x2

0 +

(
v0+ δx0

ω

)2

− δt,

δ =
C

2m
,ω =

√
ω2

0 − δ
2, (10)

where ω0 is the natural angular frequency.
Set

A= ln

√
x2

0 +

(
v0+ δx0

ω

)2

. (11)

According to Eqs. (2) and (11), Eq. (10) can be expressed as

lnx (t)= A−
1
c3

µRL3π

2
(
1− ε2

) 3
2

1
2m
t. (12)

Set

B =
µRL3π

2
(
1− ε2

)3/2 1
2m
. (13)

Substituting Eq. (13) into Eq. (12), we can obtain

lnx (t)= A−
1
c3Bt. (14)

For a certain system, µ,m,R, L, and ε can be considered
constants. So, B can be a constant.

Therefore, when c decreases, δ will increase and ω will
decrease, resulting in an increase in A.

It can be concluded that, within a certain range, when c
decreases, C and δ can increase and ω can decrease, causing
a decline inA. However, within a certain range, when oil film
clearance decreases, amplitude will decrease.

3 Analysis of the influence of oil film clearance on
the vibration of a rotor system

3.1 Finite-element modeling of a gas generator rotor

The actual structure of a turboshaft engine is extremely com-
pact and complex, making it difficult to conduct rotor dynam-
ics analysis and research. Therefore, it is often necessary to
perform similar equivalence for the engine in research. Ac-
cording to the structural form of the gas generator rotor sys-
tem of the prototype, the structures such as the casing, blades,
bolts, toothed-end faces, and tie rods are ignored, and key

Mech. Sci., 14, 237–246, 2023 https://doi.org/10.5194/ms-14-237-2023



Q. Lu et al.: Study on the vibration control method of a turboshaft engine rotor 241

structural parameters such as the support, shaft, and turntable
of the gas generator rotor system are retained to ensure that
similar models accurately reflect the dynamic characteristics
of the prototype. The compressor, gas turbine, and blade of
a prototype gas generator rotor system are equivalent to a
mass disk, and the shaft is equivalent to a chrome-plated op-
tical shaft. Taking the gas generator rotor system of a certain
turboshaft engine as an example, the finite-element similarity
model of the gas generator rotor system with oil film bearing
clearance is constructed, as shown in Fig. 2.

The finite-element model has 6 disks, 27 nodes, and a to-
tal of 31 subelements. Nodes 5, 7 and 9 are separate first-,
second- and third-stage axial-flow compressor disks, node 15
is the centrifugal compressor disk, nodes 22 and 24 are the
first- and second-stage gas turbine disks, and nodes 4 and 26
are the gas generator rotor supporting positions. The red dot
between nodes 11 and 13 represents the center-of-gravity po-
sition of the whole combustion rotor system. The material of
the disk is 45 steel with a density of 7850 kg m−3. The total
length of the shaft after modeling is 980 mm. The supports
at both ends are provided with an extruder oil film damper
and a squirrel-cage elastic support to reduce the stiffness of
the support. The diameter of the SFD is 78 mm, the oil film
bearing length of that is 10 mm, and the oil viscosity is set as
39 cP.

3.2 Vibration response analysis

According to the experience of designing and manufacturing
an aero-engine, when the ratio of SFD clearance to the radius
is 1 ‰ to 5 ‰, the damper can achieve a better vibration re-
duction effect. Therefore, the appropriate oil film clearance
of the damper is in the range of 39 to 195 µm.

In this section, three groups of oil film clearance values
are selected within this range, which are 156, 118 and 76 µm,
respectively, and the initial value is 156 µm. Node 10 is taken
as the measuring point to analyze the vibration of the rotor
system at a speed of 1480 r min−1 based on the method of
Wilson theta, as illustrated in Fig. 3. The vibration ampli-
tude of the rotor system decreases with the decrease in the
oil film clearance, leading to significant vibration reduction
efficiency.

By comparing the vibration amplitude of the initial oil film
clearance with one after adjusting the oil film clearance, the
instant vibration reduction efficiency can be obtained. Table
1 shows the vibration reduction efficiency of the rotor system
under different oil film clearance at a speed of 1480 r min−1.
The SFD vibration reduction efficiency under different oil
film clearance can be clearly seen from the table. As the oil
film clearance decreases, the vibration amplitude of the ro-
tor system decreases, and the SFD vibration reduction effect
is better. When the oil film clearance decreases from 156 to
118 µm, the vibration response decreases by 13 %. When de-
creasing from 156 to 76 µm, the vibration response decreases
by 41 %.

Table 1. Vibration reduction efficiency under different oil film
clearance.

Oil film Peak Vibration
clearance amplitude reduction
(µm) (µm) efficiency (%)

156 32.8 –
118 28.53 13
76 19.51 41

4 Experiment on the vibration control of a rotor
system

4.1 Experimental system

Based on the vibration response analysis of the rotor system
under the different oil film clearance above, a new type of
SFD structure with a piezoelectric-driven split pad is inno-
vatively designed, including a squirrel cage, bearing bush,
piezoelectric ceramic actuator and shell. The structure is
shown in Fig. 4.

The new SFD is different from the traditional SFD struc-
ture. In order to adjust the oil film clearance, the movable
split bearing bush is adopted. Oil film is formed between the
bearing bush and the squirrel cage, and there is a clearance
between the split pads to facilitate the movement of lubri-
cating oil. Oil fills the entire area between the shell and the
squirrel cage. A new type of SFD with a piezoelectric ce-
ramic actuator drives the bearing bush to move, which can
quickly adjust the oil film clearance and then control the vi-
bration.

The piezoelectric ceramic actuator uses the VT14 model
with a design of torque resistance by the COREMORROW
company. It can effectively eliminate the torque generated by
the external machinery and protect the ceramics from dam-
age caused by direct action on the internal piezoelectric stack
ceramics. Piezoelectric ceramic is a functional material that
can convert electrical energy into displacement. Displace-
ment output of the piezoelectric ceramic actuator is changed
by applying different control voltages, and the bearing bush
can be moved online and quickly without disassembling the
main components of the rotor system (such as rotors and
bearings). Thus, the oil film clearance can be changed to re-
alize the vibration control of the rotor system. The piezo-
electric ceramic actuator used in this paper is driven by 0–
150 V voltage: the output displacement is 0–80 µm, the thrust
reaches 1200 N and the time of response is short. The corre-
sponding relation between driving voltage and displacement
is shown in Fig. 5.

Through linear fitting, it is obtained that

1L= 0.39+ 0.54U, (15)

where 1L is the displacement of the piezoelectric ceramic
actuator, and U is the voltage.
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Figure 2. Finite-element model of the gas generator rotor with oil film bearing clearance.

Figure 3. Vibration response under different oil film clearance.

Figure 4. Schematic diagram of the new SFD structure.

In order to control the vibration of the rotor system, an
experiment system for vibration control of the gas generator
rotor is built. The schematic diagram is shown in Fig. 6. The
sensor monitors the rotational speed and vibration signals of
the rotor system. The test signals are collected by the ac-
quisition card, which communicates with the computer, and

Figure 5. Relation between driving voltage and output displace-
ment.

the computer displays and saves the data of the sensor. The
computer communicates with the piezoelectric controller and
sends the generated control signal to the piezoelectric con-
troller, which makes the piezoelectric controller generate the
driving voltage. The driving voltage drives the piezoelectric
ceramic actuator to output displacement and pushes the bear-
ing bush to move so as to change the oil film clearance. The
rotor is powered by the motor and lubricated by the lubricat-
ing oil and oil pump. The elastic support system is composed
of the front and rear supports. The signal acquisition system
is composed of various sensors, an acquisition card and a
computer. The executive components composed of a com-
puter, a piezoelectric controller and a piezoelectric actuator
regulate the driving voltage and the oil film clearance. The
experimental system is shown in Fig. 7b. Because there is
sufficient space between the centrifugal compressor disk and
the three-stage axial-flow compressor disk to arrange eddy
current sensors, the eddy current sensors are arranged radi-
ally at node 10. The photoelectric sensor is arranged next to
the centrifugal compressor disk, and a light barrier is attached
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Figure 6. Structure diagram of the control system.

Figure 7. Real layouts of the control system.

to the disk. The photoelectric sensor emits laser light. Every
time the rotor rotates one revolution, the laser beam sweeps
through the light barrier, causing the photoelectric sensor to
generate a pulse to test the rotor speed. The specific layout
of the sensors is shown in Fig. 7a. The changes in vibration
amplitude under a different oil film clearance are analyzed by
the simulation above. Based on the simulation analysis, the
imbalance amount of 1.28 kg mm is set at the turbine disk.
Three kinds of oil film clearances are selected for experimen-
tal research, which are 156, 118 and 76 µm, respectively. The
initial oil film clearance is set at 156 µm, and the fixed speed
is 1480 r min−1.

4.2 Experimental verification and result analysis

After adjusting the oil film clearance, the changes in the cor-
responding amplitude are shown in Fig. 8. The driving volt-
age of 0–4 s is 0 V, and the oil film clearance is 156 µm. The
driving voltage of 4–8 s is 70 V, and the oil film clearance
decreases from 156 to 118 µm. The specific response time
changes are shown in Fig. 9. After changing the driving volt-
age, the vibration amplitude decreases and gradually reaches
stability after 0.036 s. The driving voltage of 8–12 s is 150 V,
and the oil film clearance is reduced to 76 µm. With the de-
crease in the oil film clearance, the vibration amplitude de-
creases gradually, and the vibration reduction effect becomes
more and more significant.

Figure 8. Vibration responses under different oil film clearances.

Figure 9. Oil film clearance decreases from 156 to 118 µm.

By adjusting the driving voltage and changing the oil film
clearance, the consequent vibration amplitude reduction ef-
ficiency is shown in Table 3. When the oil film clearance is
decreased from 156 to 118 µm, the vibration amplitude de-
creases by 12 %. When the oil film clearance is reduced to
76 µm, the vibration amplitude is reduced by 28 %.

5 Conclusions

This paper analyzes the relation between the oil film clear-
ance of the damper and damping of a rotor system as well
as the damping and vibration amplitude of the rotor system
and deduces the functional relation between oil film clear-
ance and amplitude. It can be concluded that, within a cer-
tain range, when oil film clearance increases, amplitude de-
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Table 2. Vibration reduction efficiencies of different oil film clear-
ances.

Driving Oil film Peak Vibration
voltage clearance amplitude reduction
(V) (µm) (µm) efficiency (%)

0 156 38.4 –
70 118 33.85 12
150 76 27.58 28

creases. Taking the gas generator rotor system of a certain
turboshaft engine as an example, the finite-element model of
the gas generator rotor system with oil film bearing clearance
is established to analyze the vibration response of the rotor
system under different oil film clearance.

A new type of SFD structure driven by piezoelectric split
pads was innovatively designed, and the vibration control
system of the gas generator rotor was built to carry out the
experimental research. The results show that the experiment
and simulation trends are basically the same when the oil
film clearance decreases from 156 to 118 µm. The vibra-
tion amplitude decreases and gradually reaches stability after
0.036 s, and the vibration amplitude of the rotor system de-
creases by 12 %. In addition, when the oil film clearance de-
creases from 156 to 76 µm, the vibration amplitude decreases
by 28 %.

The new SFD adopts the piezoelectric-driven split-pad
structure, which can adjust the oil film clearance online and
quickly so as to control the vibration of the rotor system. The
research results can provide a reference for vibration control
methods of the engine rotor system. Meanwhile, it is difficult
to accurately adjust the oil film clearance in the actual exper-
iment due to machining and assembly errors of rotor system
workpiece and hysteresis characteristics of the piezoelectric
ceramic actuator. These reasons cause the experiment effect
to be incompletely consistent with the simulation. In the fu-
ture, we can achieve the ideal control effect by improving the
machining, assembly and testing accuracy.
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