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Aircraft control system is of key importance for flight attitude control of aircrafts. Its normal function directly determines whether
the aircraft flies safely, flight delay, and dispatch reliability. Therefore, this paper designs the mechanical structure of the aircraft
ASD control isolation control. Firstly, the mechanical control principle of the driving rod system is analyzed, and the isolation
mechanism of pitch and roll control is designed; secondly, the control lines are classified, the transmission characteristic
requirements of the aircraft control isolation system are given, the transmission ratio distribution and calculation of the
aircraft control isolation system are given, and finally, the mechanism design of the aircraft ASD control isolation system is
realized.

1. Introduction

The aircraft control isolation system, also known as the air-
craft control system, is used to transmit the pilot’s control
command, make each control surface of the aircraft deflect
according to the law of the command, generate pneumatic
control force and torque, and realize the stable control of
various flight attitudes [1]. Therefore, it affects the flight per-
formance and flight safety of an aircraft to a great extent.
According to the command source, the manual control sys-
tem can be divided into two parts [2]. Manual control sys-
tem is divided into main control and auxiliary control. The
main control system refers to the stability and maneuver
control of pitch, roll, and yaw; auxiliary control refers to
the control of increasing lift, increasing resistance, and equal
distribution. Manual control system can be divided into sim-
ple mechanical control system and power-assisted control
system [3]. With the birth of aircraft, the aircraft control iso-
lation system has mainly experienced the following develop-
ment stages. The control system of early aircraft directly
controlled the rudder surface with the help of steel cable or
pull rod. The pilot directly felt the change of aerodynamic
force on the rudder surface through rod force and rod dis-

placement to control the movement of the aircraft. This con-
trol system is called simple mechanical control system.
Traditionally, simple mechanical control systems are divided
into soft, hard, and hybrid. In recent years, with the rise of
general aviation, mechanical control systems with push
cables as the main transmission components have been
widely used in light/ultralight aircraft [4]. With the improve-
ment of flight speed and the increase of aircraft size and
weight, it is difficult to operate the aircraft by the pilot’s
physical strength. Therefore, a hydraulic booster that uses
hydraulic energy to load and start the rudder deflection is
proposed [5]. On high-speed and heavy aircraft, the revers-
ible power-assisted control system is first adopted. Most of
the aerodynamic loads on the control surface are overcome
by boosters, and only a small part is transmitted to the cock-
pit, so that the pilot has the feeling of control [6]. In the
1970s, the requirements of aircraft performance were higher
and higher, and the control and stabilization system with
mechanical control as the theme could not meet the require-
ments. The rapid development of computer and the develop-
ment of modern control theory and redundancy technology
have created conditions for the full authority fly by wire con-
trol system. Flight control, aerodynamics, structure, and
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engine have become the four basic elements of the new air-
craft design. This paper takes the mechanical structure
design of the aircraft ASD control system as an example to
design the corresponding human sensory system. According
to the different actuators of the afterburner system, the after-
burner system can be divided into the afterburner system
based on the hydraulic servo system and the afterburner sys-
tem based on the torque motor. The pitch and roll control
isolation mechanism is designed. In the flight control sys-
tem, the central control mechanism is connected with the
control surface through a mechanical transmission chain to
realize the transmission of control force and control dis-
placement. The required system control characteristics are
realized by the transmission characteristics and selected
functional components to meet the requirements of control
quality. The control circuit can be divided into soft control
and hard control according to the transmission components
used. Assign and calculate the transmission ratio of aircraft
control and vibration isolation system, draw the system
transmission diagram, and calculate the transmission char-
acteristics of control and isolation system. Optimize the air-
craft control isolation mechanism. The design effect of this
method is verified.

2. Research on Control Circuit

2.1. Mechanical Control Principle of Driving Rod System. In
the mechanical control system, the pilot directly controls
the joystick and drives the movement of the aircraft rudder
through the mechanical link, so as to realize the correspond-
ing flight attitude. The principle of mechanical manipulation
is shown in Figure 1.

In the traditional mechanical control system, after the
pilot controls the steering rod to rotate, the rudder surface
of the aircraft is driven to rotate through the mechanical
connecting rod, and the aerodynamic force acting on the
rudder surface is transmitted to the pilot through the
mechanical connecting rod. The current aircraft control
system is no longer directly connected with the control
surface of the aircraft. In order to make the pilot feel like
operating the aircraft, certain methods need to be adopted
to simulate this force feeling; that is, the corresponding
human feeling system needs to be designed [7]. The

human sense system is also the force loading system that
realizes the force feedback to the driver. For the side bar
device, PSS uses the spring to load the force and uses
the servo hydraulic system or motor to load the force.
The force loading system of as needs to have good simu-
lation fidelity for the sense of control force and can simu-
late the force that the pilot should feel in different flight
states in real time [8, 9]. According to the different actua-
tors of as force loading system, the force loading system
can be divided into force loading system based on hydrau-
lic servo system and force loading system based on torque
motor. The former uses hydraulic cylinder as actuator, and
the latter uses torque motor as actuator.

The force loading system of PSS has only one function,
that is, to provide the driver with a single feedback force with
force displacement characteristics, while the force loading
system of pass has two functions: on the one hand, when
the aircraft works in autopilot mode, drag the handle to
rotate, so as to provide the driver with visual signal indica-
tion; on the other hand, in the pilot’s manual driving mode,
it provides the driver with the feedback force whose force
displacement characteristics change with the flight state of
the aircraft. In these two functions, the former is position
servo and the latter is force servo.

2.2. Design of Isolation Mechanism for Pitch and Roll
Control. The pilot can control the two actions of pitch and
roll of the aircraft by controlling the driving rod device.
How to isolate the pitch control and roll control within the
limited volume of the driving rod device, the driving rod iso-
lation mechanism is the key of structural design [10]. The
aircraft attitude control system can be simply described in
Figure 2.

θ and γ in Figure 2 are the pitch angle and roll angle of
the aircraft, respectively. The two degree of freedom gyro-
scope is a feedback device, which can be used to measure
and indicate the pitch angle and tilt angle of the aircraft
[11]. When the pilot exerts force on the pitch and roll con-
trol mechanism of the driving rod, the driving rod device
outputs an electrical signal to the pitch and roll attitude con-
troller. The controller outputs the corresponding electrical
command according to the input electrical signal to control
the pitch and roll of the aircraft. The two degree of freedom
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Figure 1: Working principle of mechanical control.
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gyroscope detects the pitch angle and roll angle of the air-
craft and feeds back the signal to the attitude controller, so
as to form a closed-loop control system of the aircraft
attitude.

The frame structure of two degree of freedom gyroscope
is shown in Figure 3, which is composed of outer frame,
inner frame, outer frame shaft, inner frame shaft, rotation
shaft, rotor, and base. The outer frame is installed on the
base through the outer frame shaft, the inner frame is
installed on the outer frame through the inner frame shaft,
the outer frame shaft and inner frame shaft are perpendicu-
lar to each other, and the rotor is installed on the inner
frame through the rotation shaft [12]. The rotor and the
inner frame can rotate around the inner frame axis, and
the inner frame and the outer frame can rotate around the
outer frame axis, so the rotation axis has two precession
degrees of freedom perpendicular to each other. Therefore,
the two degree of freedom gyroscope can realize that the
rotation axis can point to any inertial space [13].

Because the two degree of freedom gyroscope has two
mutually perpendicular rotational degrees of freedom, and
it is thought that the isolation mechanism of pitch and roll

control to be designed also needs two mutually perpendicu-
lar actions, this paper designs the isolation mechanism of
pitch and roll control based on the structural principle of
the two degree of freedom gyroscope frame. The three-
dimensional solid model of the isolation mechanism is
shown in Figure 4.

The rolling rotor of the isolation mechanism in Figure 4
is regarded as the inner frame in the two degree of freedom
gyroscope, structure 1 is regarded as the outer frame in the
two degree of freedom gyroscope, and the handle connecting
frame is regarded as the rotor in the two degree of freedom
gyroscope [14]. The handle is fixedly connected with the
handle connecting frame, the handle connecting frame is
connected with the rolling rotor through the pin shaft, and
the rolling rotor is also connected with the rolling shaft
through the pin shaft. When the driver operates the handle
along the pitching direction to drive the pitching axis to
rotate, the roller does not rotate; when the driver operates
the handle along the rolling direction and drives the rolling
shaft to rotate through the rolling rotor, the pitching shaft
does not rotate, so as to realize the control isolation between
the pitching direction and the rolling direction.

Driving rod Pitch and roll
attitude controller Aircraft

𝜃,𝛾

Feedback device

DeviationPower u

Figure 2: Aircraft attitude control system.
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Figure 3: Structural diagram of two degree of freedom gyroscope frame.
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2.3. Arrangement and Classification of Control Lines

2.3.1. Control Line Arrangement. In the flight control system,
the central control mechanism and control surface are con-
nected by mechanical transmission chain to realize the
transmission of control force and control displacement,
and the required system control characteristics are realized
by transmission characteristics and selected functional com-
ponents to meet the requirements of control quality. The
control surface is arranged as far away from the center of
gravity of the aircraft as possible, so as to reduce the area,
aerodynamic load, and structural weight of the control sur-
face on the premise of obtaining the required torque. There-
fore, the control line will run through the whole aircraft [15].
The control line should also bear and move and have main-
tainability requirements. Therefore, the layout of the control
line should be the shortest and most direct when the layout
of the whole machine allows; obtain the strongest support of
the body structure in the shelter; there is enough space to
ensure the movement of components; keep away from pollu-
tion sources and heat sources; and it has good accessibility
and is convenient for assembly, disassembly, and adjust-
ment [16].

2.3.2. Classification of Control Lines. The control line can be
divided into soft control and hard control according to the
transmission components it can use. Early aircraft mostly
used soft controls. With the improvement of aircraft perfor-
mance, hard control is used in j-fighter aircraft. At present,
all kinds of aircraft use soft, hard control, or hybrid, but after
the booster line is hard control. The characteristics of the
two control lines are shown in Table 1.

The above comparison is relatively good or bad, and
some items can be reflected only when the line is long
enough. In the design, corresponding measures can be taken
to compensate for its shortcomings, so that all kinds of
maneuvers can meet the requirements of maneuverability.

In the selection of scheme, soft control is generally
selected for the system or area with long-distance, straight
section transmission and less stress; the area with small
structural deformation and temperature change; the line
with open space and convenient maintenance, such as the
flat tail and rudder control of light and explosive aircraft;
the front section system of power flight control system; etc.
In addition, the selection of control lines is also related to
the traditional habits of the design unit.

With the continuous development of the aviation indus-
try, the development of flight simulator has also made great
progress, and has become an emerging discipline. As one of
the important subsystems of flight simulator, the develop-
ment of control load system has experienced three stages:
simple mechanical loading and aircraft control system mod-
ification, analog computer force servo system, and modern
all digital control load system. The characteristics of the
development of control load system are as follows: it has
high dynamic response and is difficult to realize; according
to the design of specific aircraft control system, we can learn
from each other in key technologies. The initial control load
system adopts a simple mechanical loading mode, and the
main components are spring, mechanical damping, etc.

Bearing

Pitch axis

Pin shaft

Handle connecting frame

HandleRoll rotor
Cross roller

Frame

Structure 1

Figure 4: Pitch and roll control isolation mechanism.

Table 1: Soft and hard control system.

Project Soft control Hard to manipulate

The system for clearance Small Big

System friction Big Small

The system stiffness Poor Good

For structural deformation
and temperature change

Sensitive Not sensitive

Weight Lighter Heavier

Maintainability Different Good

Cost Lower Higher

Production phase Shorter Longer
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Different force sensing simulations can be realized by using
springs with different gradients, but its mechanical structure
is similar to the real aircraft control mechanism, resulting in
the complexity of the mechanism. If it is necessary to realize
the force sensing simulation of other gradients, it can only be
realized by replacing springs and other components. In
1950, the control load system developed by Redifon com-
pany and Curtiss-Wright company in the UK adopted the
spring combined with the automatic adjustment mechanism
of the electric force arm. Its principle is to change the trans-
mission ratio between the control mechanism and the loader
to obtain the changing control force.

3. Mechanical Structure Design of Aircraft ASD
Control Isolation Control

3.1. Transmission Characteristic Requirements and Design of
Aircraft Control Isolation System. The transmission ratio is a
dimensionless parameter that describes the corresponding
relationship between the control command objects of the
flight control isolation system. The transmission coefficient
is a dimensional quantity, such as the transmission relation-
ship between the central control mechanism and the control
surface, which is generally expressed in rad/m.

In the aircraft control isolation system, the average trans-
mission coefficient between the control displacement of the
joystick or pedal and the deflection of the control surface is

K = δ

D
: ð1Þ

According to the law of conservation of energy, regardless
of the energy loss in the line system, the equation can be
obtained:

F ⋅D =Mh ⋅ δ: ð2Þ

Then, there is a relation:

F
Mh

= δ

D
= K , ð3Þ

where D represents the displacement of the control lever, δ
represents the deflection of the control surface, K represents
the average transmission coefficient of the control system,
Mh represents the torque of the control hinge, and F repre-
sents the control force.

The ratio of the displacement of the central control
mechanism to the input displacement of the rocker arm of
the control surface is the transmission ratio of the aircraft
control isolation system. The transmission ratio of the sys-
tem is equal to the product of the transmission ratio of each
transmission component in the transmission chain, that is,

n0 = n1 ⋅ n2 ⋅ n3 ⋯ nn: ð4Þ

The transmission ratio of the transmission component
and transmission mechanism is the effective radius ratio or
displacement ratio between its output and input, or the

reciprocal of the load ratio, that is,

ni =
Ri

Ri−1
= Si
Si−1

= Fi

Fi−1
: ð5Þ

According to the above equation, the relationship
between the system transmission coefficient K and the sys-
tem transmission ratio n is

K = n
R
, ð6Þ

where R represents the distance between the rocker arm and
the control surface.

From the control mechanism to the central compo-
nents, it forms various functional sections of the transmis-
sion system, including the control chain to the central
components. Some transmission sections have special
transmission ratio requirements, so it is required to dis-
tribute the transmission ratio. The transmission ratio of
each transmission section shall be determined according
to the load, clearance, stiffness, friction, working stroke,
and other factors of each functional component and com-
ponent. Any functional component and transmission com-
ponent require appropriate transmission ratio as the
design basis, and each transmission section also has its
corresponding transmission ratio requirements. The trans-
mission ratio of the system is the product of the transmis-
sion ratio of each component and each section. When the
transmission ratio of each section has been determined,
the transmission ratio of the components should be chan-
ged and adjusted to meet the transmission ratio require-
ments of the whole system [17].

3.2. Distribution and Calculation of Transmission Ratio of
Aircraft Control Isolation System

3.2.1. Allocation Procedure of Transmission Ratio

(1) When the total transmission ratio of the system is
determined, first, meet the special transmission
ratio requirements of some transmission sections
or transmission components, and then, allocate
the rest to other transmission sections or transmis-
sion components

(2) On the transmission line of the straight section, the
guide part, follow-up rocker arm, and pulley (n = 1)
are generally used, which do not participate in the
distribution of transmission ratio

(3) For large transmission ratio or reversing transmis-
sion components with large load, they should be
supported by stiffeners or easy to strengthen

(4) Small nonlinear transmission ratio should be con-
centrated on a few differential rocker arms

(5) In the soft control system, the transmission ratio is
centrally set in the sector wheel or other hard trans-
mission section
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(6) After the system transmission ratio and component
transmission ratio are preliminarily determined, the
transmission calculation of the system can be carried
out to determine the motion range of components
and design load; put forward space requirements,
structural support requirements, cover setting
requirements, etc.; and complete the relevant coordi-
nation of the system in the sketch design stage

3.2.2. Drawing and Calculation of System Transmission
Diagram

(1) Draw the transmission diagram: the transmission
diagram is also known as the moving die line. On
the steel plate or special gelatin plate, according to
the accuracy requirements of the structural die line,
first, draw the horizontal datum line, fuselage frame
line, beam, and rib axis of the wing as the positioning
data of the system components. The drawing of
motion diagram generally starts from the central
control mechanism and control surface and con-
verges to the preset point. The drawing method of
plane transmission is relatively simple. Spatial trans-
mission can be described by projection geometry, or
combined with calculation, projected onto the same
plane, and then processed according to the principle
of plane transmission. Finally, the parameters of the
rocker arm group at the confluence point are
adjusted to meet the requirements of the system
transmission; change other component parameters
if necessary. First, draw the mold line at the neutral
position of the system, and then, draw the mold line
at the front and rear movement limit positions. For
the special parts, intermediate points can be added
to check the movement relationship, the indepen-
dence of movement in cross-linking control, the
gap of space tight parts, etc. Through the drawing
of motion diagram, the positioning size, structural
parameters, motion range, transmission ratio, and
other data of the whole system, mechanism, finished
products, and transmission components are redeter-
mined to form design documents, which are filed
together with the drawing board for future reference

(2) Calculation of transmission characteristics of control
isolation system: although the system motion draw-
ing is simple, intuitive, and accurate, which can meet
the engineering requirements in most cases and
check the coordination with the structure, this
method is time-consuming, cumbersome, difficult
to modify, and inconvenient to save the drawing
board. With the popularization of computers, it pro-
vides a home change means for the calculation of
transmission characteristics of the system. At pres-
ent, subroutines for calculating transmission charac-
teristics have been compiled for various typical
components, mechanisms, finished products, and
transmission components. Various subroutines can
be selected according to the composition of the sys-

tem, the arrangement order of components, and
the installation position, and the program can be
assigned and calculated according to the component
parameters and the neutral state of the system.
When the system characteristics meet the require-
ments, the whole program can be frozen as a system
special program and archived

3.3. Mechanism Design of Aircraft Control Isolation System.
The isolation mechanism plays an important role in the air-
craft control system. Reasonable control mechanism plays
an important role in improving the performance and reli-
ability of aircraft control isolation system. In the design of
aircraft control isolation system, both inheritance and devel-
opment should be paid attention to the mechanism design.
On the one hand, good mechanisms are widely used. For
example, the six-bar nonlinear mechanism has been used
in all kinds of aircraft for more than a century and is still
widely used. The central control mechanism has a history
of nearly one hundred years and is even still used in the fly
by wire control system. On the other hand, the development
of new institutions can not only expand the function of the
system but also make the system simple and reliable. In
the design of flight control system, the control mechanism
of each link usually needs to be designed by itself, because
the system transmission ratio, load, space condition, and
installation form of various aircraft are different. Therefore,
it is difficult to copy and use existing institutions. In addi-
tion, the application of the mechanism is very flexible, and
the functions of the mechanism can be diverse. For example,
there are more than ten functions of the spring barrel, and
the mechanism can also be combined.

3.3.1. Design Requirements of Operating Mechanism. There
may be some differences in the design requirements of the
control mechanism for different types of aircraft, but the
general design requirements remain unchanged, mainly
including the following points:

(1) The mechanism shall meet the reliability require-
ments of the system and work reliably within the ser-
vice life of the aircraft

(2) All components of the mechanism shall operate sta-
bly and continuously without obvious clearance and
hysteresis

(3) Small friction and wear to ensure the performance
requirements of the whole system

(4) Small inertia and large stiffness to ensure the
requirements of weight index and follow-up

(5) High service life, requiring the same service life of
the mechanism and the body

(6) Simple maintenance, no special maintenance, and no
special maintenance of the equipment and tools

(7) In order to meet the requirements of authority and
function transformation, hydraulic and electrical
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energy and control elements such as hydraulic valves
and switches can be introduced

3.3.2. Design Principle of Control Mechanism. The differen-
tial superposition mechanism is used to control the control
surfaces at two symmetrical positions, complete the same
direction or differential deflection at the same time, and real-
ize the attitude control of two mutually perpendicular axes.
The differential superposition mechanism adopts parallelo-
gram mechanism, and uses the same motion of each point
on the “t” rocker arm to realize the same direction control
of the control surface.

When x2 has displacement input, the output in the same
direction is generated:

y1 = y2 = yE = −n2x2, ð7Þ

where n1 represents the transmission ratio in the same
direction.

When x1 has displacement input, differential output is
generated:

−y1 = y2 = n1x1, ð8Þ

where n2 is the differential transmission ratio.

3.3.3. Mechanism Design Steps. The mechanism design of
aircraft control system shall follow the following steps and
sequences:

(1) Determine the function: the function of the mecha-
nism depends on the functional requirements of the
flight control system, and the function of the sys-
tem depends on the overall layout of the aircraft,
the aerodynamic characteristics, and the functional
requirements of the control axis

(2) Select the type: mechanisms that complete the same
function can have different structural types, and
different structures have their own characteristics.
Therefore, the structural type should be selected
according to the function, importance, and reliabil-
ity requirements of the mechanism in the system.
The selection principle should be to make the
mechanism as simple and reliable as possible on
the premise of meeting the performance require-
ments. One thing to note here is that in the control
of completing key functions, the low pair mecha-
nism should be preferred, because the low pair
mechanism has the advantages of high precision,
small wear, high reliability, simple maintenance,
good manufacturability, and so on

(3) Determine the transmission ratio and range of
motion: the transmission ratio includes mechanism
transmission ratio and internal transmission ratio.
The mechanism transmission ratio is distributed
by the system transmission chain, and the input
ratio of the mechanism shall meet the overall trans-
mission requirements of the system. Transmission

ratio is an important parameter in mechanism
design. After the transmission ratio is given, the
internal transmission ratio distribution is also an
important link

(4) Selection of installation position: according to the
functional requirements, various mechanisms shall
be arranged in a certain order in the transmission
chain. However, the installation position of the
mechanism should also take into account the over-
all layout of the aircraft, the direction of the struc-
ture, the layout of stiffeners, the size of space,
assembly, disassembly, and maintainability

(5) Structural design: the structural design shall be car-
ried out after the selection of mechanism, the struc-
tural parameters of mechanism, and the installation
position are determined. The structural design
determines the installation form, connection size,
assembly benchmark, special compensation, and
positioning device of the mechanism. The struc-
tural design shall also ensure the strength, stiffness,
transmission ratio, motion coordination, clearance
requirements, design compensation, coordination,
lubrication, and other requirements of the mecha-
nism, as well as the normal and reliable operation
of the mechanism within the whole working range

(6) Stress analysis: after the structure, transmission
ratio, external load, and motion range of the mech-
anism are determined, the stress analysis shall be
carried out. The design load of each component
shall be determined according to the input load,
and the support load required by the mechanism
shall be determined. By adjusting the internal trans-
mission ratio, the bearing shall be reasonable and
the structural size and weight of parts shall be
reduced

(7) Motion analysis: after the principle, structure, and
structural size of the mechanism are determined,
the motion analysis shall be carried out. The perfor-
mance of the mechanism, the motion state of each
component, the independence of multi-input con-
trol, whether the linear or nonlinear transmission
meets the requirements, the isolation of fault state,
the coordination of components within the whole
motion range, and the guarantee of clearance
between components are analyzed by analytical
method or drawing method

(8) Dynamic analysis: since the mechanism of the flight
control system works at low speed and reciprocat-
ing swing, the mass of the components is small.
Inertia force has little influence, so generally, only
static analysis is done, and dynamic analysis of the
mechanism is carried out only when necessary

(9) Function conversion: for those mechanisms for
function conversion, state indication, variable gain,
clutch, variable brake, etc., it is necessary to select a
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reasonable signal source to control energy and cor-
responding finished products and components, so
as to ensure the accuracy and reliability of the
required functions

(10) Test piece: important and complex mechanisms
shall be inspected for function, motion coordina-
tion, installation, space coordination, manufactur-
ability, and maintainability through test pieces, as
well as component static test

4. Optimization of Aircraft Control
Isolation Mechanism

According to engineering experience, properly reducing the
mass of the constrained part of the structure can increase
the natural frequency of the structure. For the two degree
of freedom control isolation mechanism designed above,
the constrained part is the place where the bearings are
installed on the pitching shaft and roller. At the same time,
considering that some dimensions of the designed control
isolation mechanism cannot be changed, it is decided to drill
the pitching shaft and roller first to observe the change of the
natural frequency of the control isolation mechanism after
drilling. First, for SolidWorks, there are three bearings with
diameters of Φ5, and the diameters D1, D2 and D3 of the
three holes are parameterized into DS_ D1, DS_ D2 and
DS_ D3. The selected DS_ D1, DS_ D2, and DS_ D3 are
used as the optimized design variables P1, P2, and P3, respec-
tively. The value range of the design variables is shown in
Table 2. The first-order natural frequency in the frequency
of the modal analysis result is selected as the optimization
target P4. In order to avoid resonance of the operating isola-
tion mechanism, the minimum value of the optimization
target P4 is set to 50Hz.

If the design variables P1 ~ P3 are recorded as vectors X
= ½x1, x2, x3�, and the optimization objective P4 is recorded
as the objective function f ðXÞ, the mathematical model of
the optimization problem can be expressed as

max f Xð Þ,
s:t: xi min ≤ xi ≤ xi max, i = 1, 2, 3,

ð9Þ

where xi min and xi max are the lower and upper bounds of
design variable xi, as shown in Table 3. Then, import the
new model into the workbench and conduct the modal
analysis again. Then, based on the modal analysis, select
the optimization design module direct optimization to opti-
mize the first-order natural frequency. According to the
established optimization model, make relevant settings in
the workbench, and list different test design points and their
corresponding calculation results through solution and cal-
culation, as shown in Table 3.

The optimal design points recommended in the work-
bench are DP1, DP2, and DP4. Considering the convenience
of actual processing and manufacturing, the design point
DP2 is taken as the final design point, and the values are
approximated. Finally, P1 = 0, P2 = 3mm, and P3 = 7mm.

According to the above optimization results, the modeling
is reestablished in SOLIDWORKS; that is, the hole diameters
at both ends of the pitch axis and the roll axis are modified
to D1 = 0, D2 = 3mm, and D3 = 7mm, respectively. Import
the modified control isolation mechanism model into work-
bench for constrained modal analysis again. Through the
solution analysis, the first 6-order vibration mode diagram
of the optimized operation isolation mechanism is obtained,
as shown in Figure 5, and the first 6-order modal analysis
results are shown in Table 4.

Table 3: Calculation results of different design variables.

Design point P1 (mm) P2 (mm) P3 (mm) P4 (Hz)

DP1 0.1 0.1 0.100 57.85

DP2 0.5 2.6 6.767 60.19

DP3 0.7 7.6 1.211 60.63

DP4 0.9 1.35 4.544 60.74

DP5 1.1 6.35 7.878 60.53

DP6 1.3 3.85 2.322 60.74

DP7 1.7 0.725 8.989 60.48

DP8 2.1 3.225 3.804 60.75

DP9 2.5 1.975 1.581 60.77

DP10 2.7 6.975 4.915 60.71

DP11 3.1 9.475 2.693 60.65

DP12 3.5 5.4125 9.359 60.42

DP13 3.7 2.9125 0.841 60.72

DP14 4.1 1.6625 7.507 60.61

DP15 4.5 4.1625 5.285 60.69

DP16 4.9 1.0375 3.063 60.72

DP17 5.1 6.0375 6.397 60.62

DP18 5.7 2.2875 3.558 60.73

DP19 5.9 7.2875 6.891 60.55

DP20 6.1 4.7875 1.335 60.72

DP21 6.7 5.25625 2.446 60.73

DP22 6.9 2.75625 5.779 60.65

DP23 7.5 6.50625 3.927 60.69

DP24 7.7 4.00625 7.261 60.58

DP25 8.1 0.88125 5.039 60.65

DP26 8.5 3.38125 2.816 60.63

DP27 8.7 8.38125 6.149 60.51

DP28 9.1 7.13125 0.964 60.62

DP29 9.5 9.63125 7.631 60.36

DP30 9.9 5.56875 5.409 60.53

Table 2: Value range of design variables.

Design variables
Initial value

(mm)
Lower bound

(mm)
Upper bound

(mm)

P1 5 0 10

P2 5 0 10

P3 5 0 10
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D: Yueshu modal
Total deformation
Type: Total deformation

Unit: mm
Frequency: 71.136 HZ

47.793 max

44.379

40.965

37.552

34.138

30.724

27.311

23.897

20.484

17.07

13.656

10.243

6.8291

3.4155

0.001844 min

50.00

0.00 100.00 (mm)

Y

Z

X

(a) 1 conforming modal shape

Figure 5: Continued.
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D: Yueshu modal
Total deformation 2
Type: Total deformation

Unit: mm
Frequency: 221.45 HZ

49.311 max

45.789

42.267

38.745

35.223

31.701

28.179

24.657

21.135

17.613

14.091

10.569

7.047

3.525

0.0030343 min
Y

X

Z

50.00

0.00 100.00 (mm)

(b) 2 conforming modal shape

Figure 5: Continued.
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D: Yueshu modal
Total deformation 3
Type: Total deformation

Unit: mm
Frequency: 466.7 HZ

35.923 max

33.358

30.793

28.227

25.662

23.096

20.531

17.965

15.4

12.834

10.269

7.7035

5.138

2.5726

0.0071208 min

Y

XZ
50.00

0.00 100.00 (mm)

(c) 3 conforming modal shape

Figure 5: Continued.
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Y

XZ

D: Yueshu modal
Total deformation 4
Type: Total deformation

Unit: mm
Frequency: 969.49 HZ

35.409 max

32.881

30.352

27.842

25.295

22.767

20.238

17.71

15.181

12.653

10.124

7.5957

5.0672

2.5388

0.010273 min

50.00

0.00 100.00 (mm)

(d) 4 conforming modal shape

Figure 5: Continued.
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Y

XZ

D: Yueshu modal
Total deformation 5
Type: Total deformation

Unit: mm
Frequency: 1149.7 HZ

126.4 max

117.39

108.36

99.327

90.298

81.268

72.238

63.209

54.179

45.149

36.12

27.09

18.06

9.0308

0.0011382 min

50.00

0.00 100.00 (mm)

(e) 5 conforming modal shape

Figure 5: Continued.
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It can be seen from the vibration modal diagram of the
first six steps of the vibration isolation mechanism in
Figure 5 that the vibration modal diagram of modal analysis
only describes the form of structural vibration, and its defor-
mation value is not the absolute size of the actual amplitude.

The deformation of the mechanism in practical work depends
on the coupling relationship between the external excitation
direction and frequency and mode. The first mode shape is
in the x-axis direction, and the cross roller and pitch axis are
not affected. The second mode shape is in the z-axis direction,

D: Yueshu modal
Total deformation 6
Type: Total deformation

Unit: mm
Frequency: 1210.3 HZ

34.141 max

31.702

29.264

26.826

24.388

21.95

19.512

17.073

14.635

12.197

9.7589

7.3207

4.8825

2.444

0.0061856 min

Y

XZ

50.00

0.00 100.00 (mm)

(f) 6 conforming modal shape

Figure 5: Vibration mode diagram of the first 6 steps of operating isolation mechanism.

Table 4: First six-order modal analysis results of operating isolation mechanism.

Order Natural frequency (Hz) Vibration mode characteristics

1 71.14 Except that the roller is not affected, the rest rotates around the x-axis

2 221.45 The pitch axis is locally bent along the y-direction, and the handle rotates around the z-axis

3 466.70 Except that the roller is not affected, the rest is twisted around the x-axis

4 969.49
The roller rotates around the z-axis, the pitch axis bends along the y-direction, and the

handle rotates around the x-axis

5 1149.70 It is mainly due to the expansion deformation of the roller and its rotation around the z-axis

6 1210.30
The pitch axis bends in the z-direction, the roll axis rotates around the z-axis, and the

handle rotates around the y-axis
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and the handle is obviously affected. The third-order modal
shape is a three-dimensional view; the roll rotor, pin shaft,
and pitch shaft interact; and the deformation shape is not
obvious. In the fourth mode shape, structure 1 has obvious
deformation and large force, which causes the roller rotor to
break away from the frame. In the fifth mode shape, the cross
roller is greatly stressed and affected. The bending in the mid-
dle of the sixth mode shape structure 1 is obvious.

By comparing the modal analysis results before and after
the optimization of the control isolation mechanism, it can
be seen that the natural frequency of the optimized mecha-
nism is significantly improved, with the first-order natural
frequency of 71.14Hz and the second-order natural fre-
quency of 221.45Hz. The excitation frequency will not fall
within the range of 53.35-287.89Hz, so the mechanism will
not resonate during operation. At the same time, the vibra-
tion modes before and after the first three steps of optimiza-
tion are the same, and the vibration deformation has almost
no change. The vibration modes of the fourth step are differ-
ent, and the vibration deformation decreases significantly
after optimization, and the position of the maximum defor-
mation becomes the pitch axis. The vibration mode of the
5th order does not change much, but the vibration deforma-
tion increases, the vibration mode of the 6th order is differ-
ent, and the vibration deformation hardly changes. The
vibration mode diagram of modal analysis only describes
the form of structural vibration, and its deformation value
is not the absolute size of the actual amplitude. The defor-
mation of the mechanism in actual work is determined by
the coupling relationship between the direction and fre-
quency of external excitation and the mode.

5. Conclusion

The aircraft control system is used to transmit the pilot’s
control command, make each control surface of the aircraft
deflect according to the law of the command, produce aero-
dynamic control force and torque, and realize the stable con-
trol of various flight attitudes. Therefore, it affects the flight
performance and flight safety of an aircraft to a great extent.
Traditionally, the aircraft mechanical control system is
divided into soft type, hard type, and hybrid type. The
mechanical control system with push-pull cable as the main
transmission component has been widely used in light/ultra-
light aircraft. Therefore, this paper designs the mechanical
structure of the aircraft ASD control isolation control. This
paper analyzes the mechanical control principle of the active
rod system, classifies the control lines, calculates the trans-
mission ratio of the aircraft control isolation system, and
finally realizes the mechanism design of the aircraft ASD
control isolation system. In the future study, advanced sci-
ence and information technology will be introduced to fur-
ther realize the stable control of various flight attitudes.
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