
Mech. Sci., 15, 461–472, 2024
https://doi.org/10.5194/ms-15-461-2024
© Author(s) 2024. This work is distributed under
the Creative Commons Attribution 4.0 License.

Simulated vibration characterization of the aero-turbine
engine vibration isolation system under broadband

random excitation

Huawen Peng1, Bo Zou1, Jingyun Yang2, Rong Fu1, Xingwu Ding1, Da Zhang2, and Guangfu Bin2

1Zhuzhou Times New Material Technology Co., Ltd., Zhuzhou 412007, China
2Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment,

Hunan University of Science and Technology, Xiangtan 411201, China

Correspondence: Guangfu Bin (abin811025@163.com)

Received: 29 May 2024 – Revised: 12 June 2024 – Accepted: 20 June 2024 – Published: 13 August 2024

Abstract. Aiming at the actual demand of wide-frequency vibration isolation and low-frequency shock resis-
tance of the vibration isolation system for complex external excitation of the aircraft turboprop engine. The
dynamic performance of a certain type of turbo-propeller engine vibration isolation system at a 1.5–2000 Hz
vibration frequency is investigated by combining simulations and experimental research. Firstly, an equivalent
test device for the vibration isolation system of an aircraft turboprop engine is designed, and the reliability of the
device structure is verified by finite-element analysis. Then, based on the trial model, sweep frequency vibration
tests in three vibration directions are carried out, and the vibration isolation performance of the vibration isola-
tion system under random excitation is analyzed. Finally, the transfer functions of the vibration isolation system
in three vibration directions are calculated, and the vibration amplification of the vibration isolation system sub-
jected to low-frequency resonance is analyzed. It provides a test basis and idea for the optimization design of the
aero-engine vibration isolation system.

1 Introduction

The aircraft turboprop engine as an efficient and reliable
power source provides strong thrust and low fuel consump-
tion for shipboard aircraft, enabling them to carry out a
wide range of complex tasks, such as early warning, trans-
port and combat in the maritime environment (Kirmizi et
al., 2024; Zheng et al., 2024; Lee et al., 2023; W. Chen et
al., 2024). The vibration of aero-engine structures has been
widely studied due to the complex operating environment
(Ma et al., 2024; Yang et al., 2023b; T. Yang et al., 2022; Bin
et al., 2023; P. Yang et al., 2022; Wang et al., 2023; Zhao et
al., 2022; Lu et al., 2023). Shipboard turboprop engines and
aircraft nacelles are usually installed between the vibration
isolator to not only isolate and reduce the strong vibration
and noise generated by the engine on the aircraft, but also
reduce the landing, catapult take-off and other conditions of
the large overload transferred to the engine shock load to en-
sure the safe and stable operation of the engine. Therefore,

the design and performance of the vibration isolation sys-
tem as an important part of the aircraft turboprop engine is
of great significance in reducing vibration transmission, ex-
tending engine life and improving ride comfort (Afonso et
al., 2023; Tahan et al., 2017; Filippone et al., 2014).

A large number of researchers have carried out research
on the design of aero-engine vibration isolators. Kwon et
al. (2020) designed a blade-type passive vibration isolator
to provide high damping and fatigue durability of the isola-
tor under harsh launch loads. Somanath et al. (2023) studied
the vibration isolator under a dynamic load in the preloaded
state and proposed an improved mathematical model of elas-
tomeric materials to predict the random vibration response
of typical vibration isolators. Kocak and Yilmaz (2023) de-
signed a lever-type passive vibration isolator, which pro-
duces an anti-resonance frequency caused by inertial cou-
pling by increasing the effective mass of the lever to re-
duce the adverse effects of low-frequency vibration. Oh et
al. (2013) designed a passive launch and on-orbit vibra-
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tion isolation system for spaceborne cryogenic coolers to at-
tenuate the vibration of compressors under on-orbit condi-
tions. Wang et al. (2022) studied a lever-type high-static and
low-dynamic stiffness isolator, which uses nonlinear stiff-
ness to construct quasi-zero stiffness characteristics. Leng et
al. (2022) proposed a semi-active X-shaped vibration isola-
tion system with magnetorheological elastomers, which can
be applied to variable stiffness vibration isolation in broad-
band and low-frequency range. G. Yan et al. (2024) proposed
a novel bionic multi-joint vibration isolator using two rigid
rods to simulate the femur and tibia, which has flexible and
adjustable high-static and low-dynamic stiffness characteris-
tics. Fu et al. (2019) proposed an adaptive fuzzy controller
design method for the magnetorheological elastomer vibra-
tion isolation system with time-varying sinusoidal excitation.
Lin et al. (2023) proposed a new type of vibration isola-
tor based on the anisotropic magnetorheological elastomer
embedded in radial iron chain, whose stiffness and damping
characteristics are positively correlated with the applied cur-
rent. These studies provide the theoretical basis and research
ideas for the design of aero-engine isolators.

Vibration environment tests are widely used to evaluate
the performance of structures (Yang et al., 2024; Liang et
al., 2024; Kan and Xing, 2022). To verify the performance
of the isolator, in the experimental test of the isolator, Ron-
cen et al. (2019) introduced the experiment and numerical
simulation of a nonlinear rubber isolator under harmonic and
broadband random excitation. The rubber isolator is equiva-
lent to a single-degree-of-freedom system, and the relation-
ship between the stiffness and damping of the rubber isola-
tor and the relative displacement amplitude is studied. Zuo et
al. (2022) carried out a static test and a dynamic test of the vi-
bration isolator in the frequency range of 0–9 Hz and verified
the performance of the proposed vibration isolator model.
A new inertial–elastic-boundary monostable nonlinear vibra-
tion isolator (IEB-MVI) for low-frequency vibration attenu-
ation was proposed by Tong et al. (2024), and the perfor-
mance of the isolator at an excitation frequency of 1–11 Hz
was tested by a frequency sweep test bench. Ye et al. (2023)
proposed a dynamic stiffness isolator with an origami struc-
ture and analyzed the dynamic performance of the isolator
at 0.5–10 Hz frequency through experiments. Ji et al. (2024)
proposed a negative stiffness isolator based on displacement
amplification and conducted a sweep frequency test at 0–
40 Hz through a vibration test bench to verify the negative
stiffness of the isolator. X. Chen et al. (2024) proposed a per-
manent magnet variable stiffness (PMVS) mechanism with a
wide stiffness range from negative to positive and developed
a quasi-zero stiffness isolator experimental prototype. The
wide variable stiffness and vibration isolation performance
of the isolator under heavy load were verified at the exci-
tation frequency of 0–20 Hz. The above research provides
valuable experience for the performance test of the isolator
but mainly focuses on the performance verification and re-
search of the isolator under low-frequency conditions, and

the performance simulation under high-frequency band con-
ditions is missing.

However, in the actual working environment, the aero-
turboprop engine is often affected by a variety of external
excitations, such as the unbalanced load of the engine, the
aerodynamic load of the aircraft and the vibration of the ex-
ternal environment (Zhu et al., 2023; Li et al., 2022, 2021;
K. Yan et al., 2024; Li et al., 2023; Yang et al., 2023a). At
present, there are few studies on the influence of the random-
ness and complexity of this external excitation on the perfor-
mance of the vibration isolation system of the aero-turboprop
engine. Therefore, it is of great significance to study the per-
formance characteristics of the aero-turboprop engine vibra-
tion isolation system under random excitation. By analyz-
ing the influence of random excitation on the performance
of the aero-turboprop engine vibration isolation system, we
can better understand the working mechanism of the sys-
tem and provide the scientific basis for the design and op-
timization of the vibration isolation system. In this paper, for
the practical needs of the aircraft turboprop engine vibration
isolation system with wide-frequency vibration isolation and
low-frequency shock resistance, an equivalent test device for
the vibration isolation system of the aero-turboprop engine
is designed for the actual needs of broadband vibration iso-
lation and low-frequency impact resistance of the vibration
isolation system of the aero-turboprop engine. The complex
environmental conditions of the aero-turboprop engine are
simulated by means of broadband random vibration superpo-
sition and narrowband random vibration. The simulation ex-
periment of random spectrum vibration condition is carried
out to analyze the vibration isolation performance and law
of a certain type of the aero-turboprop engine vibration iso-
lation system in the whole frequency domain (1.5–2000 Hz),
and the optimization direction of the future aero-turboprop
engine vibration isolation system is discussed.

2 Equivalent test set design

2.1 Model building

According to the installation form of the vibration isolation
system of a certain type of symmetrical five-point turboprop
engine as shown in Fig. 1a (Wang et al., 2020), the vibration
isolation device is set in the front and back two installation
surfaces respectively. Among them, there is a front-up vibra-
tion isolation device directly above the front mounting sur-
face, and two front-side shock absorbers are symmetrically
arranged on both sides of the front mounting surface. One
end of each vibration isolation device on the front mount-
ing surface is fixed to the front frame of the power device
frame, and the other end is fixed on the reducer casing of the
power device through the mounting support. Two rear shock
absorbers are symmetrically arranged on both sides of the
rear mounting surface. One end is fixed on the rear frame of
the power plant, and the other end is fixed on the rear turbine
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casing of the power plant through the mounting support. The
rear mounting surface is provided with two rear-side dampers
symmetrically placed on either side of the rear mounting sur-
face, one end fixed to the rear frame of the power unit frame
and the other end fixed to the rear turbine magazine of the
power unit by mounting brackets. Five vibration isolation de-
vices through the elasticity of their own rubber components
to achieve an elastic connection between the power unit and
the mounting bracket, forming a multi-point elastic support
vibration reduction system. Based on this engine structure,
the support fixture of the engine vibration reduction system
is designed, which can be used for a vibration test with the
shaking table. Firstly, the simulation analysis of the vibration
reduction system is carried out. The finite-element model of
the system is established by the ANSYS Workbench soft-
ware as shown in Fig. 1b. Considering that the connection
between the fixture bottom plate and the shaking table needs
to be fixed as shown in Fig. 1c, the material parameters are
shown in Table 1. The stiffness of the front upper vibration
isolator, front side vibration isolator and rear side vibration
isolator are 68HA, 72HA and 55HA, respectively. Therefore,
their modulus of elasticity was calculated by approximation
to be 4.335, 5.246 and 2.493 MPa, respectively.

2.2 Fixture strength analysis

Modal analysis is used to calculate the intrinsic frequency
and vibration form of the structure. Figure 1 contains the
overall finite-element model of the engine prosthesis and the
engine fixture. After modal analysis, the first–sixth-order vi-
bration frequencies corresponding to the vibration patterns
are obtained as shown in Fig. 2 and Table 2. The natural fre-
quencies are 7.23, 8.60, 10.08, 11.19, 15.08 and 22.97 Hz,
respectively. From the characteristics of the vibration mode,
it can be seen that the larger displacement positions occur
on the engine prosthesis and that the displacement of the fix-
ture is very small, indicating that the stiffness of the fixture
is larger. Avoiding influencing the vibration isolation perfor-
mance of the vibration isolation system is advised.

The damping efficiency test of the engine vibration isola-
tion system generally adopts the test method of random vi-
bration of the shaker. If the strength of the fixture is low, the
large thrust force exerted by the shaker will easily damage
the fixture and affect the test results. The vibration of the tur-
boprop engine is characterized by broadband random vibra-
tion superimposed on narrowband random vibration. In this
study, the turboprop engine is a six-bladed propeller and the
rotational speed at rated power is 1020 rpm, so the first-order
excitation narrowband frequency of the engine vibration is
102 Hz. The applied load spectrum curve is shown in Fig. 3.

The thrust force exerted by the shaker is expressed in
Eq. (1):

F =m

√∫ 2000

1.5
A(x)dx, (1)

where m is the total weight of the fixture and the engine
dummy is 1940 kg, and the thrust applied by the shaking
table from Eq. (1) is 75 857.88 N. The research object of
this paper is a symmetrical five-point turboprop engine. As
shown in Fig. 4, by applying the stress change cloud map
in three directions to the five isolators on the fixture, the
maximum stress in the three directions of x, y and z is
37.758 MPa. The maximum stresses in the x, y and z direc-
tions are 37.758, 10.686 and 53.082 MPa, respectively, which
is far less than the allowable stress of the Q235 material of
235 MPa. Therefore, the design of the fixture structure is rea-
sonable.

3 Random-spectrum vibration simulation
experiment

The analysis in Sect. 2 confirms that the designed aero-
engine equivalent model and its fixture meet the strength
requirements for the vibration experiment. In Sect. 3, the
fabrication of the turboprop engine test structure is car-
ried out first, followed by the design and completion of the
random-spectrum vibration experiment of the turboprop en-
gine across the full frequency domain according to the struc-
tural dimensions.

3.1 Trial modeling

Figure 5 shows the schematic diagram of the designed turbo-
prop engine test structure. The test structure includes a mass
equivalent body for the turboprop engine, fixture and five
vibration isolators, of which there are three types. The tur-
boprop engine adopts a double-mounting surface five-point
method. This involves mounting one front-upper vibration
isolator and two front-side vibration isolators on the front
mounting surface for a total of three and mounting two rear-
side isolators on the rear mounting surface. The vibration iso-
lator of the turboprop engine serves as a mounting section,
which is consistent with the actual layout of the turboprop
engine.

3.2 Experimental program

To assess the vibration isolation performance of the system
under the complex operating conditions of the turboprop en-
gine, the test structure of the turboprop engine is analyzed
using the vibration power spectral density map shown in
Fig. 3, which depicts a combination of specific broadband
and narrowband random vibrations. The necessary experi-
mental equipment and testing instruments for conducting the
vibration isolator transfer efficiency test include a 20 T water-
cooled vibration table, B&K series acceleration sensor and
data analysis software. Figure 6 depicts the frequency sweep-
ing experimental bench, while Table 3 presents the essential
information about the specific equipment and testing instru-
ments used in the experiment.
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Figure 1. Vibration isolation systems for turboprop engines. (a) Five-point vibration isolation system, (b) engine and fixture models, (c) con-
straint boundaries, and (d) meshing.

Table 1. Structural material parameters.

Structure Material Density Poisson’s ratio Elastic module
[kg m−3] [GPa]

Fixture Q235 7850 0.3 200
Engine equivalent model Structural steel 7850 0.3 200
Vibration isolation rubber Synthetic rubber 1000 0.495 \

Vibration isolator body and bolt Titanium alloy 4620 0.36 96

Note that the backslash (\) stands for the fact that this isolator’s modulus of elasticity differs with rubber hardness.

Figure 7a, b and c illustrate the test conditions: vertical,
transverse and longitudinal. The mounting knuckle is at-
tached to the vibration table via a bolt structure. Figure 7d
illustrates the layout of the measurement points for the three
conditions. Points 1 and 2 are located at the front-upper end
of the vibration isolator prosthesis and the frame, points 3
and 4 at the front-right end, points 5 and 6 at the front-left
end, points 7 and 8 at the rear-right end, and points 9 and 10
at the rear-left end.

Random vibration tests were performed based on the fre-
quencies and vibration power spectral densities shown in
Fig. 4a. The effective values of vibration response acceler-
ation and vibration excitation acceleration were then mea-
sured for each damper within the 1.5–2000 Hz frequency
range of random vibration.

4 Data analysis and discussion

The vibration isolation efficiency and the location of the first
resonance occurrence were calculated for each of the three
operating conditions using the data obtained from the exper-
imental scheme in Sect. 3 and then analyzed and discussed.

4.1 Calculation of vibration isolation efficiency under
random excitation

The vibration isolation efficiency is a critical metric for as-
sessing the performance of vibration isolation. The time do-
main data collected are transformed using fast Fourier trans-
form (FFT) to the frequency domain and then smoothed.
Figure 8 shows the frequency domain graphs for the verti-
cal, lateral and longitudinal acceleration response values at
each measurement point. The calculation formula for vibra-
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Figure 2. Modal computing cloud diagram of the (a) first-order modal, (b) second-order modal, (c) third-order modal, (d) fourth-order
modal, (e) fifth-order modal and (f) sixth-order modal.

Table 2. Modal calculation results.

Modal First-order Second-order Third-order Fourth-order Fifth-order Sixth-order
modal modal modal modal modal modal

Frequency (Hz) 7.23 8.60 10.08 11.19 15.08 22.97

Vibration Rotation around Pendulum vibration Rotation around Vibration along Rotation around Vibration along
pattern the z axis around the x axis the y axis the y axis the x axis the y axis

Table 3. Three methods for calculating natural frequency error analysis of blades.

Serial number Name Model Major parameter Number

1 Acquisition/control instrument LabGenius No fewer than eight channels 1

2 Vibration table DongLing ES-200 Thrust of 20 t; bearing capacity of 2500 kg 1

3 Sensor VB1050/PA3030
PA3030 range of ±500 g

16
VB1050 range of ±50 g
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Figure 3. Random vibration test load spectrum.

tion isolation efficiency is presented in Eq. (2):

η =

(
1−

√
gout ·1H

gin ·1H

)
× 100% , (2)

where gin is the control acceleration power spectral density,
gout is the response acceleration power spectral density, and
H is the frequency bandwidth. The vibration isolation ef-
ficiency of each vibration isolator under the three working
conditions is calculated as shown in Table 4.

Additionally, two narrow frequency bands are designated
for the rotational speed of the turboprop engine based on
the engine’s paddle rotation speed and the number of blades.
These two bands are centered around 102 and 204 Hz. The
excitation brought by the turboprop engine rotor shaft rota-
tion is one of the key points of engine vibration isolation,
and the longitudinal condition is not considered because it is
perpendicular to the rotor shaft rotation direction, so the vi-
bration isolation efficiency of the vibration isolation system
in the vertical and longitudinal conditions is also calculated
in this section, with the first and the second rotor shaft rota-
tional speed frequency being the center of the bandwidth of
the narrowband interval. Based on the bandwidth formula,
with a peak bandwidth of ±5 %, the bandwidth range is
calculated to be 96.9–107.1 and 193.8–214.2 Hz. The isola-
tion efficiency of the vertical and longitudinal vibration iso-
lation systems for the aero-turbine engine in the frequency
band centered around 102 and 204 Hz is shown in Tables 5
and 6.

Significant differences were observed in the vibration iso-
lation performance of the system under different directional
vibration conditions in terms of frequency distribution, as
shown in Fig. 8. For instance, under the vertical vibration
condition, the acceleration at the response end was larger
than that at the excitation end within the 10–80 Hz frequency
band, leading to amplified vibration transmission. Similarly,

for transverse and longitudinal vibrations, the acceleration at
the response end exceeded that at the excitation end within
the 20–40 and 50–105 Hz frequency bands, resulting in am-
plified vibration transmission.

The data in Table 4 show that each vibration isolator has an
isolation efficiency ranging from 45 % to 65 % within the fre-
quency band of 1.5 to 2000 Hz. The overall average vibration
isolation efficiency is 53.74 %. The highest average vibration
isolation efficiency, 56.25 %, was observed in the longitudi-
nal direction, which corresponds to the aircraft’s traveling di-
rection during flight. Based on the average vibration isolation
efficiency of each type of vibration isolator in three different
directions, it is observed that the efficiency is relatively con-
sistent, ranging from 50 % to 55 %. When analyzing the data
from Tables 5 and 6, it becomes evident that under vertical
and lateral vibration conditions, the vibration isolation effec-
tiveness of the narrowband interval with a center frequency
of 204 Hz surpasses that of the narrowband interval with a
center frequency of 102 Hz, exhibiting an average isolation
efficiency of 55.66 %, which is higher than the overall aver-
age isolation efficiency across the entire frequency spectrum
(1.5–2000 Hz). Conversely, the average isolation efficiency
of the narrowband interval with a center frequency of 102 Hz
is only 46.74 %, which is attributable to its proximity to the
intrinsic frequency of the vibration isolation system.

4.2 Transfer function of the vibration isolation system for
three vibration directions

Determining the transfer function of each isolator in the vi-
bration isolation system across the entire frequency range
and examining the resonance phenomenon resulting from
low-frequency impacts can aid in assessing the adequacy of
the vibration isolation system design. The vibration transfer
efficiency curves for the vertical, transverse and longitudi-
nal working conditions of various positional vibration isola-
tors within the system are depicted in Fig. 9 across the full
frequency range (1.5–2000 Hz). Additionally, the first reso-
nance phenomenon location for each vibration isolator under
the three working conditions is calculated and presented in
Table 7.

The transfer function curves of various positions and types
of vibration isolators in the vibration isolation system show
close similarity in the same vibration direction, with the first
resonance position being consistent. The average magnifica-
tion at the first resonance position of the vertical, transverse
and longitudinal directions in the vibration isolation system
is 4.61, 2.57 and 3.14, respectively. In the three working con-
ditions, the average magnification at the first resonance po-
sition of the front-upper, front-right, front-left, rear-right and
rear-left vibration isolators is 2.17, 2.84, 3.89, 4.33 and 3.97,
respectively. Compared to the front-left, the average mag-
nification at the first resonance position of the front-right
and rear-right isolators is 2.17, 2.84, 3.89, 4.33 and 3.97, re-
spectively. The front-right and rear-right vibration isolators
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Figure 4. Stress clouds in three directions: (a) x direction, (b) y direction and (c) z direction.

Table 4. Efficiency of vibration isolation under three operating conditions.

Vertical Vibration Lateral Vibration Longitudinal Vibration Average
isolation isolation isolation
ratio ratio ratio

Front-upper 47.30 % Front-upper 54.18 % Front-upper 62.88 % 54.79 %
Front-right 50.12 % Front-right 47.65 % Front-right 62.86 % 53.54 %
Front-left 54.08 % Front-left 50.33 % Front-left 57.07 % 53.83 %
Rear-right 47.02 % Rear-right 57.75 % Rear-right 48.41 % 51.06 %
Rear-left 57.84 % Rear-left 58.64 % Rear-left 50.05 % 55.51 %

Average 51.27 % Average 53.71 % Average 56.25 % 53.74 %

Figure 5. Schematic diagram of the turboprop engine test structure.

are of the same type as the front-left and rear-left vibration
isolators. However, there is a significant difference in am-
plification and vibration isolation efficiency when they are
equipped with the equivalent model of the turboprop engine,
which is due to the fact that the turboprop engine body struc-
ture is not a symmetric structure. The analysis of the first

Figure 6. 20 T water-cooled vibration table and vibration power
spectral density plot.

resonance location under vertical and lateral working condi-
tions reveals an average frequency of 45.07 and 32.66 Hz for
the first resonance of each vibration isolator under vertical
and lateral vibration conditions, respectively. This effectively
avoids the 102 Hz first-order frequency of the rotary axis of
the aircraft turbine propeller engine, suggesting a more rea-
sonable design for the vibration isolation system.
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Figure 7. Schematic diagrams of the three experimental conditions and the layout of their measurement points

Table 5. Narrowband vibration isolation efficiency with a frequency
band center of 102 Hz.

Vertical Vibration Lateral Vibration
isolation isolation
ratio ratio

Front-upper 53.03 % Front-upper 33.93 %
Front-right 44.39 % Front-right 42.57 %
Front-left 44.32 % Front-left 39.31 %
Rear-right 43.10 % Rear-right 60.98 %
Rear-left 44.98 % Rear-left 60.82 %

Average 45.96 % Average 47.52 %

Table 6. Narrowband vibration isolation efficiency with a frequency
band center of 204 Hz.

Vertical Vibration Lateral Vibration
isolation isolation
ratio ratio

Front-upper 73.24 % Front-upper 72.15 %
Front-right 69.94 % Front-right 34.73 %
Front-left 66.02 % Front-left 40.06 %
Rear-right 71.34 % Rear-right 31.21 %
Rear-left 66.40 % Rear-left 31.45 %

Average 69.39 % Average 41.92 %

5 Conclusions

This study focuses on the impact of various external excita-
tions on aircraft turbine engines. The vibration isolation sys-
tem must effectively address wide-frequency isolation and
low-frequency impact resistance. Through a combination of
simulation and experimental research methods, this paper ex-
plores the dynamic performance of a specific turbine engine
vibration isolation system within the frequency range of 1.5
to 2000 Hz and presents the following conclusions:

1. A test device equivalent to the vibration isolation sys-
tem of an aircraft turbine engine has been designed. To
mitigate the influence of equivalent test set modes on
the test results, the first six modes of the equivalent test
set are calibrated through numerical simulation to en-
sure avoidance of the frequency of the engine’s paddle-
rotating shaft modes. The maximum thrust of the shaker
is calculated in combination with the test spectrum, and
the structural reliability of the designed device is veri-
fied through hydrostatic analysis.

2. To simulate the complex working conditions of aircraft
turboprop engines, vibration tests were conducted in
three directions using broadband random vibration su-
perimposed on narrowband random vibration. The test
results indicate that each vibration isolator has a vi-
bration isolation efficiency ranging from 45 % to 65 %,
with the highest average efficiency observed in the lon-
gitudinal direction, which corresponds to the traveling
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Figure 8. Response spectra of measurement points for three experimental conditions.
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Figure 9. Response spectra of measurement points for three experimental conditions.

Table 7. First resonance position of each vibration isolator for three operating conditions.

Vertical First Lateral First Longitudinal First Average
resonance resonance resonance enlargement
position position position factor

Front-upper (47.04, 3.93) Front-upper (31.77, 0.99) Front-upper (100.67, 1.58) 2.17
Front-right (43.85, 4.85) Front-right (33.33, 2.69) Front-right (81.68, 0.99) 2.84
Front-left (45.82, 4.76) Front-left (33.42, 2.22) Front-left (100.48, 4.70) 3.89
Rear-right (43.19, 4.84) Rear-right (33.25, 3.30) Rear-right (86.25, 4.85) 4.33
Rear-left (45.45, 4.67) Rear-left (31.51, 3.67) Rear-left (86.52, 3.57) 3.97

Average (45.07, 4.61) Average (32.66, 2.57) Average (91.12, 3.14) 3.44

direction of the aircraft during flight. Furthermore, the
average vertical and lateral resonance frequencies of
the vibration isolation system are 45.07 and 32.66 Hz,
respectively, which avoids the first-order frequency of
102 Hz of the rotating shaft of this type of aircraft turbo-
prop engine, indicating that the design of the vibration
isolation system is more reasonable.

One of the optimization objectives of the future vibration
isolation system for this aero-turbine engine is to match the
asymmetric structure of the turbine engine body and meet the
vibration isolation requirements of different axial positions
of the aero-engine rotor system in order to achieve a more
coordinated global vibration isolation.
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