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Introduction: Modern industrial manufacturing often requires the eight-bar
stamping mechanism to have high motion accuracy and stability. To meet
these stringent requirements, traditional control techniques such as
proportional-integral-derivative (PID) control need to be improved.

Methods: In this study, radial basis function neural network is introduced to
improve the traditional proportional integral derivative control technique. The
improved proportional integral derivative technique is applied to the modeling
and optimization of eight kinds of bar stamping mechanisms.

Results: Comparing the improved control technology, the experiment showed
that the peak time and adjustment time of the improved technology were 0.516 s
and 1.038s, respectively, which are better than the comparative control
technology. In addition, in the comparative analysis of the eight bar stamping
mechanism, the proposed architecture scored 9.3 points in operational
efficiency, which is significantly greater than the comparative architecture.

Discussion: The results show that the combination of PID control strategy and
radial basis function neural network provides a powerful tool for dynamic
modeling and optimization of eight-bar stamping mechanism. It not only
provides enhanced motion accuracy and stability, but also brings significant
practicality to industrial manufacturing. This integration opens up new
possibilities for improving the performance of complex mechanical systems to
meet the evolving needs of modern manufacturing.

radial basis function, proportional-integrated-derivative, eight bar stamping
mechanism, dynamics, modeling

1 Introduction

In modern industrial manufacturing, the eight bar stamping mechanism (8BSM), as an
important mechanism, is widely used in various stamping equipment and production lines
(Raghavendra and Annigeri, 2021). However, due to its complex dynamic characteristics
(DCs) and external interference, improving the motion accuracy and stability of 8BSM has
always been a challenge (Desai et al., 2019). Although traditional Proportional-Integral-
Derivative (PID) control technology can achieve certain results in certain situations, it is
hard to cater for the wants of contemporary industrial manufacturing for high precision and
stability due to its difficult parameter adjustment and susceptibility to external interference
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(Tian etal., 2020). For example, Wang team and Setiawan team both
proposed controllers based on PID control technology, but the PID
controllers proposed all have the problem of unstable control effect
(Wang and Lu, 2022; Setiawan and Ma’arif, 2021). Therefore,
seeking a new control method to improve the effect of 8BSM is
of great significance. At present, many studies have been conducted
on methods to improve the motion accuracy and stability of the
mechanism. For example, Zaidel et al. proposed a neuromorphic
algorithm based on nef for inverse kinematics and PID control in
order to improve the motion accuracy of the 6-DOF robotic arm
(Zaidel et al., 2021). In addition, in order to improve the motion
accuracy and stability of the mechanism, Zhang’s team not only
proposed a new sampling method based on active Kriging model
and adaptive importance sampling, but also proposed a multistage
linkage method based on active extreme value Kriging (Zhang et al.,
20225 Zhang et al,, 2023). In recent years, with the continuous
artificial
intelligence technology has been widely used in various fields.

development of artificial intelligence technology,
For example, in order to reduce the error of the control system,
Barhaghtalab et al. proposed a control method of six-DOF robotic
arm based on adaptive fuzzy neural reasoning system (Barhaghtalab
et al,, 2023). In addition, Chowdhury’s team proposed an entropy-
maximized double delay depth deterministic strategy gradient
automatic PID tuning method to solve the problem of poor PID
tuning method (Chowdhury et al., 2023). In order to improve the
computational accuracy and efficiency of reliability evaluation of
aero-engine cooling blade system, Li et al. proposed a hierarchical
linkage strategy based on multiple integration (Li et al., 2023). As an
important neural network, Radial Basis Function (RBF) neural
network has the advantages of fast learning speed and high
approximation precision, and is widely used in various control
systems. For example, Liu team and Feng team will apply RBF
neural network to WPT control system and electro-hydraulic servo
system control respectively (Liu Y. et al., 2021; Feng et al., 2022). The
main motivation of this study is to lift the motion accuracy and
stability of 8BSM to meet the requirements of modern industrial
manufacturing for high precision and stability. Therefore, this study
improves traditional PID technology by introducing RBFNN to
overcome the difficulty in adjusting its parameters. The innovation
of this study lies in the combination of RBFNN and PID technology,
and its application in the dynamic modeling and optimization of
8BSM. This study also provides new ideas and methods for control
optimization of similar institutions, and is expected to contribute to
the development of industrial manufacturing.

This article is divided into four parts for discussion. The main
content of Part 1 is related research on RBENN, PID control
technology, and linkage mechanisms. The main content of Part
2 is the dynamic modeling and optimization process of 8BSM based
on RBFNN PID control. Part 3 mainly focuses on the comparison of
optimized PID technology and the performance comparison
analysis of 8BSM based on optimized PID. Part 4 is a summary
of the entire text.

2 Related works

The advancement of neural network technology has made the
application fields of RBFNN increasingly widespread. Wang et al.

Frontiers in Mechanical Engineering

10.3389/fmech.2024.1374491

designed an RBFNN processing method combined with adaptive
projection learning algorithm to solve the problem of low spatial
resolution caused by beam diffraction in THz spectral imaging
process. This method can effectively remove noise from non edge
images, achieve higher spatial resolution, and effectively recognize
targets (Wang et al., 2023). Lu’s team proposed an RBFNN teaching
quality evaluation (TQE) method built on genetic algorithm (GA)
optimization to solve the low accuracy in current English
interpretation TQE. This method could effectively assess the
quality of English interpretation, with high accuracy and real-
time performance (Lu et al, 2021). In addition, the control
technology has also made the application fields of PID
technology increasingly broad. Kong et al. established a multi-
objective optimization method based on orthogonal experimental
design and iSIGHT platform to address the aerodynamic
characteristics and handling stability issues of racing tail wings,
and developed a hybrid fuzzy PID variable tail wing control system.
As the road adhesion coefficient decreased, this system could
improve the handling stability of the racing car and suppress
body roll, thereby improving the cornering performance and
driving safety of the racing car (Kong et al., 2022). Wang et al.
proposed a voltage boosting method based on GA and BPNN PID
control to solve the problem of low output voltage of photovoltaic
panels. This method could effectively improve the dynamic
performance and jamproof capacity of the Boost circuit, and
achieved optimization through the global optimization of GA
and the adaptive adjustment characteristics of BP neural network
(Wang et al., 2022).

With the maturity of connecting rod stamping technology, more
and more technologies are being applied to connecting rod
mechanisms. Liu et al. proposed a novel competitive failure
model that considers intermittency to address the failure issue of
the contraction mechanism of aircraft linkage doors. This model
combined Poisson process, Archard wear model, and failure
function to describe the catastrophic and degraded failures of
aircraft mechanisms. Practical engineering applications have
shown that the new model is effective, and this mechanism has a
special degradation process (Liu J. et al, 2021). Zhou’s team
proposed a rotating potted vegetable seedling transplanting
mechanism based on a linkage mechanism to solve the problems
of complex structure and low efficiency of existing transplanting
equipment. A software for kinematic analysis and optimization
design of the transplanting mechanism was developed through
configuration analysis and optimization design. The posture error
of the transplanting arm and drilling shovel was relatively small, and
the transplanting mechanism of potted vegetable seedlings met the
transplanting requirements, with a success rate of 92.4% for seedling
retrieval (Zhou et al., 2020). Jomartov et al. constructed a stamping
machine tool on the Stephenson II mechanism to address the issue
of insufficient accuracy in traditional stamping machines. By adding
a three-way connecting rod and a unique connecting rod, the
balance of the slider was improved, thereby improving the
accuracy of the slider. This stamping machine tool had better
characteristics, with less reaction force on the slider guide and a
more reasonable force distribution (Jomartov et al., 2022). Li et al.
designed a method for preforms on finite element models to address
the metal flow problem during non flash forging of powder
This method could

metallurgy connecting rod preforms.
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PID controller schematic diagram.

effectively improve the density uniformity of the connecting rod and
reduce the generation of cracks. The optimized preform shape
improved the overall quality of the connecting rod, providing a
new approach for the manufacturing of powder metallurgy
connecting rods (Li et al., 2020).

The above related studies indicate that the application fields of
RBENN technology and PID control technology are quite extensive,
and there are various methods applied to linkage mechanisms. As a
special type of neural network, RBF has many advantages which are
suitable for control system modeling. First, RBF has excellent
second, RBF’s
characteristics make it excellent when dealing with high-

approximation  capabilities, local response
dimensional input data, and in addition, RBF generally learns
than

Compared with other machine learning models, the advantages

faster traditional ~multi-layer perceptron  networks.
of RBF are mainly reflected in that RBF is particularly suitable for
dealing with nonlinear control problems, RBF shows strong
robustness to input noise and parameter perturbation, and RBF
has the characteristics of real-time due to its simple structure and
fast learning algorithm. Therefore, this research innovatively
combines RBF neural network and PID control technology to
apply to the dynamic modeling and optimization of eight-link
stamping mechanism. The contribution of this study is that the
precise modeling of RBF neural network combined with real-time
tuning of PID control significantly improves the motion accuracy
and stability of the mechanism, and provides an effective new way

for the control optimization of similar mechanisms.

3 Dynamic modelin
of 8BSM based on
PID control

and optimization
BFNN and

To complete the demands of modern industrial
manufacturing for high
RBENN to

technology and applies

precision and stability, this study
PID
it to the dynamic modeling and

introduces improve traditional control
optimization of 8BSM. It is expected that this method can
improve the motion accuracy and stability of 8BSM. This
chapter will provide a detailed introduction to the PID control

technology that integrates RBENN and its application in 8BSM.
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3.1 PID control technology
integrating RBFNN

PID controller has the advantages of simple principle, strong
robustness, and wide practicality, making it a mature and widely
used control system. Therefore, this study will apply it to the
optimization of 8BSM dynamic modeling (Hammoodi et al,
2020; Garai et al, 2023). In a PID control system, the output
value depends on the deviation between the system set value and
the system output value, the linear weighted combination of
deviation integration and deviation differentiation (Phu et al,
2020). The diagram of the PID controller is Figure 1.

In Figure 1, r(t) is the given value. y(f) represents the actual
output value, and e(t) is the control deviation. The expression
between the three is Eq. 1.

e(®) =r(t)-y(t) (1)

In addition, u (¢) in Figure 1 represents the output signal of the
PID, which is used to control the execution part of the system, as
shown in Eq. 2.

u(t) = Kp'e(t) + Ki* J [0, t]e (r)dr + Kd*de (1) / dt ()

In Eq. 2, Kp*e(t) is the proportional control term. Kp is the
proportional gain. Ki* I [0, t]e(T)dT is the integral control term. Ki
is the integration coefficient. Kd*de (t)/dt is the differential control
term. Kd is the differential coefficient. Due to the fact that
traditional PID controllers may not be able to effectively handle
nonlinear systems in certain situations, it is necessary to improve
traditional PID controllers. RBENN has excellent learning and
adjustment capabilities, and can overcome the adverse effects of
uncertainty on system performance through online identification of
the system. This solves the problems of poor robustness and
limitation by precise mathematical models in traditional PID
control. The output formula of RBFNN is Eq. 3 (Chen, 2022).

N e
i=1 20;

In Eq. 3, ugpr (t) is the output of RBFNN at time t. N is the
quantity of hidden layer neurons (HLNs). w; is the weight between
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PID parameter optimization process based on RBFNN.

the i-th HLN and the output layer. x (¢) is the input vector. ¢; is the
center vector of the i-th HLN. §; is the width parameter of the i-th
HLN. RBENN, as a new type of artificial neural network, is often
applied in various complex prediction problems because it can
effectively find the best
multidimensional space (Elsisi, 2021; Bensafia et al,, 2022). The

training data plane existing in

specific structure diagram of RBFNN is Figure 2.

Frontiers in Mechanical Engineering

In Figure 2, the three main components of RBENN are the input,
hidden, and output layers. The input layer has several perceptual units.
The hidden layer contains several hidden layer nodes, which are generally
composed of Gaussian basis functions, and the Gauss function is Eq. 4.

-IX -l

oy },izl,l“',m (4)
0

a; (x) = exp[
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FIGURE 4
The specific structure of the eight-link stamping mechanism.

In Eq. 4, a; (x) represents the output result of the i-th HLN. m
represents the number of HLN. ¢; represents the center vector of the
Gosky function corresponding to the i-th hidden layer node. o;
represents the base width of the i-th HLN. And X represents the
input sample. X contains x1, x;, ---x;,, of different dimensions. The
expression of the output layer is Eq. 5.

Yk = zwik‘xi(x))k =12,-p (5)

i=1

In Eq. 5, yx represents the output result of the neural network.
wjk is the weight between the hidden and the output layers. p is the
number of nodes in the output layer. In the entire neural network
structure, the hidden layer structure mainly performs nonlinear
transformation on the data, transforming the input data X into
a;(x). The output layer structure mainly performs linear
transformation on «;(x) to obtain the final output result y,. By
performing two different linear transformations, not only can the
overall running speed of the neural network be improved, but also its
ability for nonlinear mapping can be enhanced. The overall structure
of RBENN is Eq. 6.

Yy =W'E(X) (6)

In Eq. 6, y' is the output vector of the network. W represents the
weight matrix. X is the input sample matrix. To overcome the
shortcomings of PID control technology, this study proposes to
apply RBFNN to PID parameter optimization. The principle of this
way is to utilize the powerful learning and approximation
capabilities of RBFNN to identify the DCs of the system online,
and adjust the PID control parameters in real time based on the
identification results to achieve better control effects (Elsisi, 2020;
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Ghamari et al.,, 2022). The process of optimizing PID parameters
based on RBENN is Figure 3.

In Figure 3, the PID parameter optimization based on RBFNN
first requires constructing an RBFNN model that includes input
layer, hidden layer, and output layer to map the system state and
PID control
parameters through offline training or online adjustment. Next,

output parameters. Determine the network’s
design a PID controller based on system requirements and integrate
it with RBENN to build a complete control system. The system
operation process utilizes RBFNN to identify the DCs of the system
online, and adjusts the PID parameters in real-time to optimize the
control effect. Finally, the performance indicators of the evaluation
system, such as control accuracy, stability, and response speed, are
used to measure the optimization effect. The performance indicator

evaluation formula is Eq. 7.

+00 +00

J=a J e (£t + 8- j w(t)dt @)
0 0

In Eq. 7, ] is a performance indicator used to measure system
performance. o and 3 are weight coefficients used to balance errors and
control the relative importance of inputs. This method can be widely
applied to complex systems such as 8BSM and other similar control
problems, effectively improving control performance and adaptability.

3.2 Dynamic optimization of 8BSM based on
improved PID technology

8BSM is a commonly used stamping equipment in
industrial manufacturing, with unique design and excellent

frontiersin.org


https://www.frontiersin.org/journals/mechanical-engineering
https://www.frontiersin.org
https://doi.org/10.3389/fmech.2024.1374491

Ma and Li

Establish a coordinate
system and define
parameters

The concrete steps of dynamic
modeling of eight-link stamping

mechanism

Consider the interaction
forces and external
constraints

FIGURE 5
Steps of dynamic modeling of eight-link stamping mechanism.

performance (Choquette et al., 2021). The core part is
composed of eight connecting rods, which are connected
together in a specific way, enabling the mechanism to
achieve efficient and accurate stamping operations. The
specific structure of 8BSM is Figure 4.

The advantage of 8BSM lies in its high flexibility and
adjustability, and its impulse pressure formula is Eq. 8.

F=k-1-sinf (8)

In Eq. 8, F is the punching force, which is the force exerted by the
punch on the workpiece. k is a constant that is related to the geometric
design and material of the linkage mechanism. [ is the effective length of
the punch connecting rod. 6 is the angle between the punch connecting
rod and the horizontal line. The expression for stamping speed is Eq. 9.

v=w'r 9)

In Eq. 9, v is the stamping speed. @’ means the angular velocity
driven by the motor. r is the radius from the motor driven wheel to
the punch connecting rod. In order to better control the eight bar
linkage mechanism, it is necessary to conduct dynamic modeling.
The dynamic modeling of 8BSM is a complex process that requires
consideration of the kinematic relationships, interaction forces, and
external constraints of multiple linkages. The specific steps of 8BSM
dynamic modeling are shown in Figure 5.

In Figure 5, the dynamic modeling of 8BSM involves multiple
steps. Firstly, it is necessary to establish a suitable coordinate system,
which should be able to conveniently describe the motion of the
mechanism. Next, the relevant parameters of each connecting rod,
such as length, angle, mass, and moment of inertia, are defined.
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Carry out kinematic analysis

\ 4

Establishment of kinetic
equation

These parameters will directly affect the kinematic and DCs of the
mechanism. By using the Denavit Hartenberg (D-H) parameter
method, the relative position and angle relationship between each
connecting rod can be systematically analyzed, and the
transformation matrix can be obtained. The formula for the

transformation matrix of the connecting rod is Eq. 10.

cosf —sinf 0 a

A | SN0 cos® 0 b

3T = 0 0 1c (10)
0 0 01

In Eq. 10, 0 is the angle between two coordinate systems, and
a, b, ¢ is the translation distance between the two coordinate systems.
These matrices can reveal the precise position and attitude
information of the end effector when applied continuously, as
calculated in Eq. 11.

Op=9T 3T -3T---'T (11)
The establishment of dynamic equations requires considering the
effects of multiple forces and constraints. The calculation of kinetic and
potential energy of the mechanism is the core part of this process, which
involves the mass, moment of inertia, velocity and angular velocity of
the connecting rod, as well as the influence of elastic and damping
forces. The formula for calculating kinetic energy is Eq. 12.

1 1
K =-mv*+ =1’ (12)

2 2

In Eq. 12, K is the kinetic energy of the connecting rod. m is the
mass of the connecting rod. v is the speed of the connecting rod. I is
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Process of dynamic modeling optimization of eight-link stamping mechanism based on improved PID controller.

the moment of inertia of the connecting rod, and w is the angular
velocity of the connecting rod. The potential energy calculation
formula is Eq. 13.
P= lk'x2 + lcv2 (13)
2 2
In Eq. 13, P is the potential energy of the mechanism. k' is the
elastic coefficient. x is the deformation of the connecting rod, and ¢
is the damping coefficient. The Lagrangian equation is an effective
tool for establishing dynamic equations. By substituting the
calculation results of kinetic energy and potential energy,
dynamic equations describing the dynamic behavior of
mechanisms can be derived. The basic form of the Lagrange
equation is Eq. 14.

d (0T oT .
E( >—a—qj—Qj,(]—1,2, ,k)

— 14
3 (14)

In Eq. 14, T is the total kinetic energy of the system. g; is the
and Q; is the
corresponding to ¢;; k is the number of complete constraint

generalized coordinate, generalized force
equations. The process of using an improved PID controller for
dynamic modeling optimization of 8BSM is Figure 6.

In Figure 6, the dynamic model of 8BSM was first established
through the application of dynamic principles and methods, and
its kinematics, dynamic equations, and impact force were
analyzed. Secondly, through in-depth research on dynamic
behavior, the changes in its motion trajectory, velocity,
acceleration, and impact force under different working
conditions were understood. Afterwards, to meet the control
requirements, an improved PID controller was designed and a
complete control system was constructed by combining the
dynamic model. Then, through simulation and experimental
verification, the performance of the control system can be
evaluated and optimized. Finally, based on actual feedback
and application requirements, control parameters will be
continuously adjusted, neural network structures will be
optimized, and new control strategies will be explored to
continuously improve the performance and practicality of the
control system. This strategy not only enhances the operational
efficiency and product quality of 8BSM, but also provides
effective control strategy ideas for similar complex systems.

Frontiers in Mechanical Engineering

4 Comparative analysis of improving
PID controllers and empirical analysis
of optimizing linkage mechanisms

To evaluate the improved PID performance based on RBFNN
and the effectiveness of the improved PID controller based on
8BSM, multiple comparative experiments were conducted in this
study. This chapter mainly introduces the details and result analysis
of various comparative experiments.

4.1 Performance comparison and analysis of
improved PID controller based on RBFNN

This study utilized RBFNN to optimize the PID parameters
(RBF-PID). To analyze the performance of the optimized PID
method, this
performance with PID controllers based on chaos optimization
algorithm (Chaotic PID), GA optimization (GA PID), and Z-N
formula method (Z-N PID). The specific experimental environment

controller using this study compares its

of the comparison test is mainly divided into hardware environment
and software environment, in which the hardware environment is
divided into three categories: control system hardware, controlled
object and auxiliary equipment. The hardware of the control system
mainly includes industrial control computer, data acquisition
module and power amplifier. The controlled objects mainly
include material testing machine, pressure sensor and electric
cylinder; Auxiliary equipment mainly includes power supply,
signal conditioner and multi-function tester. The software
environment mainly includes MATLAB programming software,
LabVIEW data
Windows10 operating system. The results of comparing the

acquisition and processing software and
controller parameters of the PID controller obtained by the four
methods are shown in Figure 7.

In Figure 7, the K, Kj, and K values of the PID obtained by Z-N
PID, Chaotic PID, and GA PID are 30.21, 0.388, 0.055, 21.45, 0.578,
0.048, 52.36, 0.273, and 0.083, respectively. The three values
obtained by RBF-PID are 22.48, 0.271, and 0.045, respectively.
After obtaining the parameters of four PID controllers, to
calculate the dynamic characteristic indicators of the unit step
response under the action of the four PID controllers. The
specific data of the dynamic characteristic indicators under Z-N
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Comparison results of dynamic characteristics of four PID controllers.

t/s

PID, GA-PID, RBF-PID, and Chaotic PID parameters obtained are

displayed in Figure 8.

According to Figure 8, the adjustment time, peak time, and
rise time of the RBF-PID controller are 0.513s, 0.478 s, and
0.443 s, respectively. The Chaotic PID controllers are 0.638s,

Frontiers in Mechanical Engineering

0.629's, and 0.613 s, respectively. The Z-N PID controller is
1.836s, 0.721 s, and 0.633 s. The GA-PID controller is 1.391 s,
0.811s, and 0.724 s. The above data indicates that the control
performance of the RBF-PID is superior, and the response speed
of the target is faster. To further analyze the effectiveness of each

frontiersin.org

08


https://www.frontiersin.org/journals/mechanical-engineering
https://www.frontiersin.org
https://doi.org/10.3389/fmech.2024.1374491

Ma and Li 10.3389/fmech.2024.1374491
A B
1.4 T T T 1.4
1.2 7 1.2
1.0 A 1.0
g 0.8 F T 1 g 08F
L L
0.6 1 ™06
04Ff ——ZNPID — GAPID ] 04Ff ——2ZNPID —— GAPID ]
02 | — Chaotic PID —— RBF PID . 0.2 — Chaotic PID —— RBF PID .
0 0 1 1 1 0 0 1 1 1
0 1 2 3 4 0 1 2 3 4
t/s t/s
FIGURE 9
Step response curves of four PID controllers with two control strategies.
A B
14 r 14 r
1.2 1.2 o
1.0 e T T T T s T e e R 1.0 F
5 o8 5 o8 |
> B
—— = Experiment with Z-N PID —— - Experiment with GA PID
06 rri Simulation of Z-N PID 0.6 - Simulation of GA PID
---—-- Simulated chaoticPID [ /li 0 ————- Simulated RBF PID
S I — Experimental chaotic PID 0.4 —-— = Experimental RBF PID
0.2 0.2
0.0 & : : : : : 0.0 : : : : :
0 1 2 3 4 5 1 2 3 4 5
t/s t/s
FIGURE 10

Simulation results of four different PID controllers under two control strategies.

PID controller, the control system pressure was adjusted to
10 MPa and 15 MPa respectively. Performing step experiments
on a material testing machine with elastic loads under four
different PID controller conditions. The step response curves
of the four PID controllers are shown in Figure 9.

In Figure 9A, when the control system pressure is 10 MPa, the
peak times of RBF-PID, Chaotic PID, Z-N PID, and GA PID are
0.5165s, 0.615s, 0.835s, and 0.838 s, respectively. The adjustment
times for RBF-PID, Chaotic PID, Z-N PID, and GA PID are 1.038 s,
1.121s, 1.356's, and 1.384 s, respectively. In Figure 9B, when the
control system pressure is 15 MPa, the peak times of RBF-PID,
Chaotic PID, Z-N PID, and GA PID are 0.618 s, 0.705 s, 0.758 s, and
0.773's, respectively. The adjustment times for RBF-PID, Chaotic
PID, Z-N PID, and GA PID are 1.113s,1.152's, 1.613 s, and 1.664 s,

Frontiers in Mechanical Engineering

respectively. The above results indicate that under two different
control system pressures, the control effect of Chaotic PID is
superior to the three improved PID controllers compared.
Afterwards, four types of controllers were used for simulation
and experimentation, and the results are shown in Figure 10.

In Figure 10, the simulation and experimental curve trends of
the four controllers are basically consistent, and the experimental
response time is longer than the simulation response time under the
same conditions. In Figure 10A, compared to Z-N PID, Chaotic PID
reaches stability earlier. In Figure 10B, compared to GA PID, the
RBE-PID controller reaches stability earlier. By comparing Figures
10A, B, RBE-PID has the shortest time to reach stability. The above
results indicate that the control effect of RBF-PID controller is better
and it is effective.
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TABLE 1 Experimental environment comparison table.

Optimization before the eight-link stamping
mechanism

Experimental

environment

10.3389/fmech.2024.1374491

The eight-link stamping mechanism is
optimized by using the improved PID
controller

Mechanism parameter setting The default parameter Settings are used without any optimization

Tests are carried out at different speeds and loads to simulate the
variable conditions in the actual working environment

Working condition

Control strategy The traditional PID strategy is adopted without any improvement

The sensor is used to collect the motion track, speed, acceleration and
other data of the mechanism, and process and analyze it

Data acquisition and
processing

Optimized with an improved PID controller, the parameters are
adjusted according to the control requirements

Tests are performed under the same operating conditions to evaluate
the improved PID controller’s adaptability to the operating
conditions

The control strategy based on improved PID controller and RBENN
are introduced to improve the performance

The eight-link stamping mechanism is optimized by using the
improved PID controller

TABLE 2 Comparison of indicators of eight-link stamping mechanism before and after optimization.

Contrast index

Optimize the first eight link stamping

Optimized rear eight-link stamping

mechanism mechanism
Dynamic response index Rise time (s) 0.8 0.5
Peak time (s) 1.2 0.7
Overshoot (%) 25 10
Adjustment 3.0 2.0
time (s)
Control performance Control 90 98
index accuracy (%)
Robustness index 0.6 0.9
Stability index 0.8 0.95

e Mechanism 1

» Mechanism 3

FIGURE 11

J¢ Mechanism 2

Four groups of experts compared the scores of three different eight stamping mechanisms.
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4.2 Analysis of optimization effect of 8BSM
based on improved PID controller

To analyze the actual effect of the proposed dynamic
modeling optimization of 8BSM based on improved PID
controller, this study will compare the performance of the
optimized 8BSM and the pre optimized 8BSM using this
method. Table 1 shows the environmental parameters for the
comparative experiment.

Compare the performance of two types of 8BSM under the
conditions of Table 1, and use dynamic response index and control
performance index as comparison indicators. The performance
comparison results of the two types of 8BSM are shown in
Table 2. The rise time, peak time, overshoot rate, and adjustment
time of the optimized 8BSM are 0.5s, 0.7s, 10%, and 2.0s,
respectively, all better than before optimization. And the control
accuracy, robustness, and stability of the optimized 8BSM are
significantly better than before optimization. This result indicates
that the proposed optimization scheme has
optimization effect on 8BSM.

a significant

In addition, to further validate the superiority of the designed
improved 8BSM, this study selected 40 relevant experts and divided
them into four groups to evaluate the proposed improved 8BSM
(Mechanism 1), GA-PID optimized 8BSM (Mechanism 2), and
Chaotic PID optimized 8BSM (Mechanism 3). The evaluation
scores of the three institutions are shown in Figure 11. In
Figure 11A, the average operating efficiency score of mechanism
1 is 9.3 points, significantly better than the 7.7 points of mechanism
2 and the 8.1 points of mechanism 3. In Figure 11B, the average
product quality score of Institution 1 is 9.2 points, significantly
better than the 7.9 points of Institution 2 and the 8.2 points of
Institution 3.

5 Conclusion

The complex DCs and external interference of 8BSM make
improving its motion accuracy and stability a challenge. To solve
this problem, this study adopted a combination of RBFNN and
PID control methods, and then applied the improved PID control
technology to the optimization of 8BSM. Through comparative
analysis of PID control technology based on RBFNN, experimental
data proved that the proposed improved PID owned adjustment
time, peak time, and rise time of 0.513s, 0.478s, and 0.443 s,
respectively, which are significantly better than the comparison
controller. The empirical analysis of 8BSM showed that the rise
time, peak time, overshoot rate, and adjustment time of the
optimized 8BSM were 0.55s, 0.7 s, 10%, and 2.0's, respectively,
which are all better than before optimization. And the control
accuracy, robustness, and stability of the optimized 8BSM were
significantly better than before optimization. The above results
indicate that the proposed eight link dynamic modeling
optimization based on improved PID control has a good
improvement effect on the eight link system and can be applied
in practical production. Although the research has achieved
remarkable results in the optimization of the eight-link
there still
shortcomings. First of all, the study was mainly carried out

stamping  mechanism, are some obvious
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under ideal experimental environment, and did not fully
consider the complex working conditions and uncertain factors
in practical applications, such as temperature change, mechanical
wear, etc., which have adverse effects on the control effect. In the
future, it is necessary to study how to maintain system stability in
complex environment. In addition, the study does not involve
other advanced strategies such as fuzzy control and sliding mode
control, which may perform better in some scenarios, so a
combination of multiple control strategies can be considered in
the future. Finally, the research has not yet delved into practical
application challenges such as scalability and adaptability to
different real-world environments. In practical applications, the
size and complexity of the stamping mechanism may vary greatly,
and different production environments may also put different
requirements on the performance of the control system.
Therefore, how to design a control system with good scalability
and adaptability to meet the needs of stamping mechanisms in
different scales and environments is an important problem to be
solved in future research.
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