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Abstract: Aiming at the problem of damage caused by the resonance of chuck and roller in sliding
guideway of vehicle. The three-dimensional force and smoothness of sliding mechanism are studied.
An improved guideway system is designed in the grey model. In the non-linear optimization design
U1, the trust domain multi-objective optimization algorithm is used to divide the model into a series
of sub-regions. The model is solved iteratively in the trust region of the sub-region, and the design
parameters satisfying the requirements of the smoothness of the guideway are obtained. In ADAMS,
the oblique vibration and force motion of components are simulated and analyzed when the track
system is running normally. In this paper, the load and amplitude of the roller of sliding guide are
studied. An optimization example of sliding guide is given. The results show that the force acting
on each group of guide roller mechanism can be effectively decomposed by using the multi-roller
design with separated forces. The smoothness and reliability of the system are improved.
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0. Preface

Sliding door is an important part of business and heavy load transportation, widely used in business
cars, passenger cars and high-speed EMUs and other types of vehicles. Sliding guide is the most
critical components of the sliding door. Compared with the traditional revolving door, the sliding
door opens large, occupy small space, and is hard to collision, etc. With a signal control,
hydraulically driven sliding guide has been gradually developed into a new type of rolling
supporting rail. With small friction, high positioning precision and convenient [2], lubrication is
becoming a direction of the precise development of vehicle parts in the future, but the structure is
complex and the manufacturing precision is more difficult.

Today, domestic and foreign scholars have studied the design 3], vibration noise and applications of
the sliding door, and kinetic analysis of the non-automotive sliding rail. Whereas, there is no vehicle
rail dynamic simulation research yet. [l In this paper, a new type of sliding guide design is proposed,
which effectively differentiates the stress of the conventional model components with stress

concentration and obtains a better regularity simulation results.

1. Establishment of the Gray Model of Sliding Guide under Restricted Space

1.1 Analysis of Existing Sliding Guide Model

At present, the actual use of sliding rails includes two types: two sets of rails matching the single-
wheel fixed pulley and three sets of rails matching the directional-strained roller. The load capacity



of one-wheel fixed-sliding system for each guide is limited, and the bending part of the roller is easy
to get stuck when sliding to the track or when passing through rails, the roller is easy to wear through
as a great friction is produced under the external force, so that the system is low reliability and a
shorter service life. Compared to the first type of rail, engineers design the system of three sets of
rails matching the directional-strained rollers to work in more conditions. In this system, each set of
rollers equipped with the positioning wheels for guiding and the load wheels for specialized loading
bearing. The roller of this system has a clear division of labor, and to ensure that the load-bearing
wheel will not be hit by other side-force than the stress surface of the rail due to the location change.
The bearing wheel only works from the vertical direction of the door, while the rotation of the sliding

door is entirely guided by the guide wheel.

1.2 Prediction of Dynamic Model Based on MATLAB
Taking the middle guide as an example, the roller mechanism is divided into positioning wheel and

guide wheel, and the vibration is transmitted to the rotating work-piece (component 3) and support
arm (component 4) by positioning wheel (component 1) and guide wheel (component 2) on the
ground of the guide. A five-degree-of-freedom vibration model of the sliding wheel system of the

middle guide is established.
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Fig 1 Structural sketch of system dynamics Fig 2 Structural sketch of guide wheel vibration

In fig 1, K; is the equivalent stiffness of rotating work-piece, K, is the equivalent stiffness of
roller, K3 is equivalent stiffness of guideway, C; is the rotating work-piece damping, C, is the
equivalent damping of roller, C3 is the equivalent damping of guideway, m, is the quality of
guide wheel, m, is the quality of positioning wheel, m; is the quality of rotating work-piece,
m, is the quality of support arm, x; is the displacement of guide wheel, x, is the displacement
of positioning wheel, x5 is the displacement of rotating work-piece, x, is the displacement of
support arm, F; is the excitation force of guide wheel, F, is the exciting force of positioning
wheel.

The work done by calculating the kinetic energy, potential energy and non-conservative force of the

system is expressed as
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generalized coordinate X4+ X5+ X3~ X4, the kinematic differential equation of the vibration system
is obtained as follows:
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Formula 4-7 is a five-degree-of-freedom differential equation system with coupling terms, so it is
necessary to analyze the whole system step by step in dynamic response analysis, using MATLAB
simulation. A two-degree-of-freedom dynamic model (Fig 2) is established by taking the vibration
of the guide wheel of the middle guide as an example.

Firstly, the dynamic mathematical model of the system is deduced and the differential equation of
motion is established.
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Taking displacement and velocity as state variables
Xy =Xy (11)
= [Mew?sinwt — (k;+Kk;)x; — (c;+¢,)x, + KyX3 + c3%,]/my (12)
%5 = X, (13)
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Drawing displacement response (Fig 3) curves of y;. y, with MATLAB and Fg of vibration on
guide(Fig 4)

FS=J yxy) -+ (Cpky) (15)
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Fig 3 System Displacement Response Fig 4 The force of the vibration wheel on the ground

It can be seen from the figure that the vibration and force of the roller have a downward trend. But
the peak force is too large, which will cause wear and tear of the guide. The reliability of the whole
system is greatly reduced. Therefore, it is necessary to optimize the guide.

2. Optimization Design of Rail Based on Trust Region Iteration Algorithm
2.1 Multi-objective Optimization Algorithm for Gray Model Based on Trust Region



Multi-objective Optimization Algorithm for Trust Region Model [l is used to solve the nonlinear
optimization problem by all-around 1. Using the approximate model to arrange points and to
achieve the results by iterative convergence.

The multi-objective optimization algorithm for Grey Model based on trust region divides the
complex nonlinear design space into a series of subspace (Trust Region) rather than establishing a
surrogate model in the whole design space '*!!l, The trust region is continuously updated by
optimizing the trust field in the process of optimization and through the approximate solution on the
trust region to ensure that the non-dominated solution would been obtained in line with the real
model. The guide in the Grey Model is used to structure the subspace and the iterative algorithm of
the trust region to optimize approximately. The uniform distribution solution is verified from the
results of approximate optimization. The verified non-dominated solution set verifies the interval of
the scaling and translation of the next trust region, and stores each region range in the external
solution set, which is continuously expanded with the increase of the number of iterations.

2.2 Algorithm construction and process

In practical engineering problems, the constraint function that satisfies the optimization goal is
unknown, and the target model is usually evolved through the Grey Model '?-13], The multi-objective
optimization algorithm of the gray scale model of the trust region is transformed into the solution
on the subspace of the trust region. The interval value generated by each iteration is the base domain
of the next calculus '*!3] until the convergence criterion is reached.

Generally, the all-around multi-objective nonlinear optimization problem can be described as

follows 161
Minimize jiCe) (16)
Subjected to gi(x)=0, i=1,..,P (17)
hi(X)=0, j=1,...q (18)
max[ X, X, 1< X < min [xﬁk),xu] X = [Xq, ) Xy (19)

The above codes, f(x),&(x) and h(x) respectively identify and design the surrogate models of the
objective function, inequality and equation constraints functions. X; and X, respectively

x{o

represent the upper and lower bounds of the design variable. and Xflk)respectively represent

the upper and lower bounds of the design variable in the NO.K trust region.

The prediction through the model verify the contraction and amplification of the trust region, and
the location of the layout point determines the trust center point. If approaching the target model,
the trust region will be enlarged otherwise contracted. The trustworthiness p®017 is used to verify
the optimization with the comparison between the current Grey Model and the target model. The

passed value updates the next region of the trust region ['8]. The trustworthiness is defined as follows
[19]
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The optimal approximate solution X®’is obtained in the current trust region. The trustworthiness

(20)

p® is expressed in the design point X® and X%, the ratio of the actual target function to the



change of the gray model predicted. The closer p® to 1, the closer between the Grey Model and
the target model in the current trust region.

2.3 Iterative optimization of bending part of the guide
The optimization problem of rails can be transformed into the problem between the bending length
and the distance under the limited force. Free vertical distance is the display expression; you can
build the optimization model 121,
Min {f,F}
pL3? 5000
f= 48El, %x3(x,—2x4)3+%xzx2+2x2x4(xl2;x4)z @h)
St F=245\2sin(x; — x;)

In this, fis the free-end vertical distance of guide, F is the lateral wall of the guideway force, f and
F are the nonlinear functions of x;. x; and x; are the length of the bending part of the guideway.
Xo=0, 0<x; <50, 50<x, <100, 100 £ x3 <150, 150 < x, < 200. i=0. 1. 2. 3,
j=i+l.
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The multi-objective iterative algorithm of trust region is adopted for the gray model. The quadratic
iteration result is shown in Fig 5. As the iteration progresses, the resulting modular scatter gradually
moves toward Min{f, F}, and the results comparison between the first iteration and the second
iteration is obvious, and results between the fourth iteration and the third iteration do not change
much, indicating that the results close to the convergence. The final-obtained 22 scatter-points are
the vertical distance corresponding to the bending length of the corresponding rails, that is, the target
scatter model which satisfies the force smoothing requirement, and the result is based on the model
to draw the curved part of the guide (Fig.6).

This paper draws the upper, middle and lower rail models in CATIA, and shows the assembly
diagram combined the rails with the wheels. Assembly diagram shown in Figure.7. The lower rail
is indented by 80mm relative to the upper support arm in the horizontal direction, making the sliding
door cambers by 4.1 degrees in the vertical direction. Under the gravity effect, guide wheel will

attach to the rail, avoiding the gliding phenomenon.

3. Kinematic and kinetic performance determination of slide guide based on ADAMS
The simulation model of sliding guideway system is established in ADAMS, the 60N traction force
is set in the center of gravity center of sliding gate, and the simulation data are used to judge the

kinematics and dynamics of the system through the simulation data.



3.1 Kinematical performance determination
The sliding angle variation diagram (Fig 8) of the sliding gate with a precision of 0.05 seconds was
obtained by the monitoring points MARKER 83 and MARKER 84 respectively. It is known that
the slope angle of the whole sliding process is less than 0.5 degrees and there is no harmonic
resonance curve. The change is very small for sliding door, so that the vibration stability of sliding
door on sliding guide conforms to the requirement.
As Fig 9 shows that the acceleration is smoother before the roller enters the curved orbit. Compared
with the slip gate velocity diagram in Fig 10, it can be found that the acceleration is fluctuating but
less than+0.6 ™ /sz' The motion velocity increases slightly, and the velocity curve is quite smooth
in the whole movement process. The displacement is basically linear with the time of sliding doors
when the doors slid on a linear guideway as shown in Fig 11. The increased volume of displacement
gradually reduces in the curved guide, which is consistent with the actual situation. Therefore, the
motion of the system is smooth and meets the requirements of smoothness.
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Fig 10 Velocity of sliding gate diagram Fig 11 Time-displacement of sliding gate diagram

3.2 Determination of the dynamic performance

The dynamic performance of sliding guide is mainly embodied in the three-dimensional force of the
combination of roller and guideway. The dynamic properties of each junction directly affect the
dynamic mechanical properties of the whole system [?!]. The design of roller mechanism is intended
to assume that the bearing wheel is bearing the plane force and is not under the vertical force. The
bearing wheel bears the vertical force and is not subjected to the plane force.
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Fig 12 Force diagram for front guide pulley Fig 13 Force diagram for front guide
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Fig 14 Force diagram for front guide Fig 15 Force diagram for front guide
pulley of lower rail in x direction pulley of lower rail in x direction

Take the rear and back guide pulley of the lower guide wheel for example. There is a slight vibration
in the initial and final stages of the closed door by three-dimensional force which is showed in
Fig.12, Fig.13 and Fig.14. In the linear stage of the sliding rail, the guide pulley is stressed uniformly
in the x direction without vibration basically, scarcely in the y direction and about 1N in the vertical
direction (z direction), which can be ignored. Through the comparison between the Figure 12 and
Figure 15, it can be seen that the force-bearing of the front guide wheel in the x direction during the
closing stage of the sliding door is far more than that of the rear guide wheel.

Take the middle bearing wheel for example. Before the roller mechanism enters the curved guide
section, the bearing wheels suffer a slight concussion only at the initial stage in the form of x, y, z
directions as shown in Fig 16, Fig 17 and Fig 18. After that, the linear guide part is very smooth,
and the bearing wheels in the linear part of the rail does not bear the plane force but bear the gravity
only in the vertical direction. In the bending part of the guide, the three-way force of the bearing
wheel is oscillating, and the amplitude does not exceed + 7N in the plane force. The amplitude in
the vertical direction does not exceed + 10N, which is about 7.4% of the vertical force. Therefore,

the requirements of ride comfort and ergonomics are satisfied.
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Fig 16 The x direction of force-bearing Fig 17 The y direction of force-bearing
wheel of the middle guide diagram wheel of the middle guide diagram
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Fig 18 The z direction of force-bearing wheel of the middle guide diagram

4. Conclusion

Through the ADAMS simulation results, we know that the sliding guide wheel mechanism three-
way force design and gray model trust region multi-objective optimization algorithm, can
successfully solve the problem of mechanical design. In this paper, the multi-body dynamics
complex mechanical system analysis method is used to study the three-way force and the
smoothness of the sliding mechanism under the forced motion condition. The load characteristics



of the sliding guides with different design concepts are obtained. In order to realize the optimal
cooperation motion of the components of the system and satisfy the NVH index and ergonomics
performance, a stable sliding guide system based on the force of the carrier is proposed. A method
of dealing with complex nonlinear engineering optimization problem is proposed by combining the
trust region and multi-objective optimization by establishing the target model part by the gray model.
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