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Abstract - The current work aims to solve the various phenomena in the current mechanical
production. For example, the manufacturing plants require many high-quality employees, the
phenomenon that frequent problems in mechanical production and errors in the production
process occur due to the contradiction between high-quality requirements and the uneven quality
of employees, and the production efficiency of traditional human mechanization failing to meet the
social trend of intelligent production. There is an urgent need for an intelligent mechanical device
that enables ordinary employees to operate according to the process. Therefore, the current types
of intelligent equipment are analyzed in mechanical intelligent production, and intelligent
manipulators are used for the research. With the support of the technology of the mechatronic
straight side pressure, a manipulator system is established, and the system is set to two modes of
operation: automatic control and semi-manual control, and simultaneously, it also avoids the
occurrence of errors when the manipulator working unattended for long periods of time. After
elaborating the relevant technical requirements and support, the established system of the
manipulator is simulated and analyzed. By analyzing the kinematic performance of the
manipulator, it is verified whether it can finish the complete blanking work. The result shows that
the kinematic performance is good, and it can complete a set of blanking processes through
mechanical operation, which can adapt to the current requirements of automatic mechanical
production. And the success rate of multiple loading and unloading is also high using four kinds of
materials, and the moving process of loading and unloading is also very stable. Therefore, it
provides effective theoretical support for automatic intelligent manufacturing.

Keywords: Intelligent manufacturing; Mechatronic Straight Side Press; Manipulator; Mechanical
Production; Automatic Control.
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1. Introduction

In the past few years of rapid development of the
industry, the number of intelligent mechanical
manufacturing equipment has increased [1]. In the
stamping production of manipulators, the strategy of
manually deploying materials has been gradually
replaced by intelligent equipment such as a
mechatronic straight side press [2]. The demand for
the quality of employees in mechanical
manufacturing plants continues to increase, and the
manipulator can  effectively = reduce  the
manufacturer's demand for human resources, and
can improve the quality of employees [3], ensuring
better production quality of mechanical products.

With the trend of high-tech industrialization in
the world, automated production using manipulator
equipment will be an inevitable trend for every
country to experience [4], and it is also the first
choice for customers to choose suppliers.

Now, there are still many mechanical factories in
China that use manual loading and unloading to
produce. But in the production of human
mechanization, as Krolczyk et al. (2019) stated,
factors such as total cost, cutting force, energy
consumption, temperature, impact on human health,
atmospheric air, and chip removal in the processing
area need to be considered, it is very complicated
and difficult in terms of human production [5].
Therefore, intelligent mechanical equipment is
needed for production and manufacturing. Cao et al.
(2019) established a model of intelligent
manipulator collision detection that applies an
algorithm of rapid exploration random numbers to
deploy intelligent production in agriculture. The
collision-free path planned by this algorithm can
successfully detect collisions without collision, and
can drive the manipulator from the initial position to
the target position without collision [6]. Korayem
and Dehkordi (2019) cooperated to develop a
centralized quality fixture and a cooperative
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movement form with flexible links and moving joint
manipulator constraints. Kinematic constraints are
used to keep the distance between the arms constant
by restricting the relative movement speed of the
arm gripper in two stages of evaluation. Meanwhile,
the dynamic models of each manipulator are
weighted by using experimental test devices of
single connecting rods and rotating-moving joints
[7]. These results further illustrate that mechanical
production using intelligent manipulators will
gradually replace human production and become the
general trend of development.

Therefore, it will start from the field of intelligent
mechanical production to study a manipulator
system with a mechatronic straight side press.
Through the elaboration of relevant technical
concepts, a manipulator system will be established.
Through  result simulation, the kinematic
performance of the manipulator is analyzed to
identify the usability of the manipulator. In addition,
four common workpieces and raw materials are
used for machining, and the manipulator is used for
grab testing. Through multiple tests, the successful
rate of the manipulator's loading and unloading is
calculated, and whether the manipulator's
movement in the process of grabbing and unloading
materials is studied.

The innovation of this experiment is the
application of a mechatronic straight side press as
technical support.

2. Design of Intelligent Manipulator
Based on Straight Side Single Point
Press

2.1 Design Requirements for Intelligent
Manipulators

The mechanical structure is the most basic
component of mechanical equipment. How to
connect the various parts of the manipulator in
series through effective mechanical connections is
the basic work. In the process of production, each
part of the manipulator needs to bear the load of
various materials in addition to its own weight [8].
From ordinary small parts to heavy metal embryos,
the mechanical structure is an important bearing
part. It enables each part of the manipulator to
ensure very high accuracy and motion performance
under the load of the external environment [9], and
also needs to ensure its strength and stability. It
must meet all aspects of the requirements, as shown
in Figure 1.

stiffness

On the one hand, the mechanical structure needs to connect
the parts of the manipulator, on the other hand, it also needs
to bear its own weight, so it needs enough strength and

Manipulator is composed of many mechanical parts,
these structures need to have a certain complexity,
need to be assembled reasonably.

Strength and
stiffness

Mechanical structure
requirements of
manipulator

Good dynamic
characteristic

Excellent heat
dissipation

5

High
reliability

The structural performance of
the manipulator has a great
influence on the stability of the
mechanical work, and it is

of the manipulator

Manipulator at work, there will be friction
between various parts, will produce huge
heat, will make the structure of the
manipulator deformation, affect the

S accuracy, lead to the need to ensure heat
necessary to ensure the stability dissipation.

Manipulator in the process of
work, each part should have
enough stability, to ensure the
requirements of safe processing.

Precision

The manipulator requires

very high precision for the

grasping of raw materials
and workpieces

The structure of the
manipulator should be as
simple as possible to reduce
its own weight

Suitable

The manipulator should be
designed with a suitable
shape and position
according to the working
environment

(b)

Figure 1: The requirements of the mechanical structure of manipulators ((a) the structural requirements of

manipulators, (b) the design requirements of manipulators)
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When designing a manipulator, it is necessary to
first distinguish the movement mode of the
manipulator, which can generally be divided into
horizontal and vertical movement modes.

To make the whole structure of the machine
simpler and easy to control, according to the current
manipulator, the right-angle manipulator will be

You can move
horizontally

used, which is a method with many applications at
present.

The accuracy of this manipulator is generally
high, the design and production cost is low, which is
suitable for most Small and Medium Enterprises
(SMEs) to apply [10]. The structure of the
manipulator is shown in Figure 2.

You can move
vertically

Figure 2: The brief structure of the manipulator

When the manipulator works, the body of the
manipulator bears the gravity of the whole system
and the inertia of motion. The skateboard and rack
are the key moving parts in the horizontal
movement. During the analysis process, the
skateboard and the rack are assembled together for
overall analysis.

They all rely on the transverse bracket to support
the movement and the connecting block will make

Redeploy raw
materials

Have the ingredients
been placed?

Robotic hand
completes the task

Device-specific UURITEN T TR
p starts to pick up Yes
handling i
the material

horizontally movement and vertical movement of
the manipulator are connected, so when building the
model of the manipulator, the model of the
manipulator's body, transverse bracket, transverse
skateboard and the connecting block is first
established.

The process of loading and unloading of the
general manipulator is shown in Figure 3.

Start a task
with a robot

Whether the start
ommand is issued ?

No Reissue the
command

Figure 3: The process of loading and unloading of the manipulator
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To meet the above requirements, the main
functions required by the manipulator are the
servo control function, pneumatic control
function, system monitoring and fault diagnosis
function, and human-computer interaction (HCI)
function, among which the servo control function
is to realize the movement and positioning of the
manipulator. The pneumatic control function is
mainly to control the balance cylinder and the
vacuum suction cup to complete the handling and

grasping of the workpiece. The system monitoring
and fault diagnosis function mainly refer to the
worker's monitoring and control of the system.
When the system needs to be modified or fails, the
worker can find problems through this function
and deal with them in time to avoid causing
greater losses. The HCI function refers to the
information exchange between people and
machines. The principle of the control system of
the general manipulator is shown in Figure 4.

Interactive screen

Other interactive
measures

Alarm system ﬁSensing method I

Main control system

— <

Electromagn
etic drive

_>

Drive
element

4 —

System drive
device

4_

System motor

Figure 4: The principle of the control system of the manipulator

Nowadays, the commonly used devices to
achieve translation include cylinder, screw drive,
gear, rack and other methods. Among them, the
cylinder control is unstable and is not suitable for
occasions with high accuracy requirements. Screw
transmission is the most accurate transmission
mode among these translation modes, which is
suitable for a straight-line movement in a short
distance. For cases with long movement distances,
the length of the screw required is very long,
which makes the length-diameter ratio of the
screw is very large, which will lead to the
accuracy of the screw decreasing due to its own
gravity. The gear and rack can move in a straight
line for a long distance, and the accuracy of the
current manufacturing technology continues to
improve.

2.2 The Parameter Selection of Servo
Motor of the Manipulator

During the process of entering the upper
computer from the initial position [11], the total

stroke of movement is defined as Li, the
acceleration time of the manipulator's movement

is defined as t_,, the deceleration time is ta1, the

al
stop time is tg,, and the cycle time is t,, so during
the whole movement of the manipulator The
maximum speed 17, .4 is shown in equation (1):

Ly

1, qj =
maxl [ -l 51 (1)

After grabbing the material from the upper
press of manipulator, during the process of
placing the material on the operating platform,

the total stroke of movement is defined as L, the
acceleration time is defined as t,; the
deceleration time is tdaz, the stop time is t;; and
the cycle time is t_;, then this pass The maximum

speed 1.7 in the process is shown in equation

(2):
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Ly
L= 2
Vmaxz fos—Lan—taz ( )
Generally, v,,,,; will be greater than v,,,,,. So
when calculating the type of servo motor, it needs

to be calculated according to 1,,.;. The total

reduction ratio i of the horizontal movement of
the manipulator is related to the reduction ratio
i1 of the reducer and the gear reduction ratio i2 of
the manipulator. This relationship is shown in
equation (3):

The equation (3) indicates that after the servo
motor rotates a circle, the distance As of the rack

movement is shown in equation (4):
As = mzymi 4
In equation (4), z1 is the total number of the
large gear [12]. m is the total modulus of the gear,
and i is the reduction ratio of the horizontal

. that the

movement. The maximum speed n,,,,

servo motor needs to reach is shown in equation

(5):

1 — VYmaxa (5)

max As

The rotational inertia J; in the servo motor is
shown in equation (6):

wLp(z,m)*
Joy =T (6)
In equation (6), L is the total width of gears, p
is the density of gear materials, m is the total
modulus of size, and z1 is still the total number of

large gears. The rotational inertia J,, loaded on the

motor spindle is shown in equation (7):
As
Jyw =My X (g)z (7)

In equation (7), M, is the total mass of the

horizontal movement of the transverse
mechanism. When the reducer is ignored, the total

load inertia J; converted on the motor is shown in
equation (8):

IL=lw+2lan+tin (8)

In equation (8), J,; is the rotational inertia
converted by the large gear on the motor spindle,
J=- is the rotational inertia converted on the motor
spindle by the small gear. From all the above
equations, the total torque T; required by the

motor manipulator to move can be obtained, as
shown in equation (9):

as 1
Ty =puMgx_—x " (9)

In equation (9), u4 is the friction coefficient of
the manipulator, M; is the total mass of the
horizontal transverse mechanism, g is the gravity

coefficient, and 1, is the mechanical efficiency of

the manipulator.

After the manipulator is designed, it needs to
be installed and debugged, so there are generally
two ways of manual and automatic. The manual
control method is mainly used to realize the
separate control of each function of the
manipulator in the initial installation and
debugging and when a fault occurs in the use
process. The automatic control method is to
realize the automatic operation of the
manipulator under the pre-written program and
based on the controller to complete the specified
action. If there is an emergency, you can press the
emergency button to stop.

2.3 The Control Method of the Mechatronic
Straight Side Press

When designing control systems, the first thing
to solve is the choice of control methods. There
are two control methods commonly used in the
industry, one is the motion controller as the core,
and the other is the motion controller as the core
controller of the manipulator. The horizontal and
up-and-down movements of the manipulator are
realized through the servo motor. Moreover, to
make the manipulator run more stable and reduce
the burden of the servo motor, cylinders are also
used. Finally, the manipulator uses a vacuum
suction cup to grab the workpiece, so the motion
control part has two parts: servo control and
pneumatic control. Simultaneously, in order to
better realize the control of the system, the
control system of the manipulator also needs
some auxiliary control functions, including
sensors, safety monitoring, and man-machine
interface. The general movement coordinates of
the manipulator are shown in Figure 5.
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y-axis

X-axis

[ —
Figure 5: The movement coordinates of the manipulator

To meet the different manufacturing needs in
mechanical production, the control method of the
mechatronic straight side press is adopted, which is
generally divided into two types: manual operation
control and automatic operation control [13]. The
method of manual operation control generally needs
to be able to achieve single-step control of the
equipment, and the automatic operation control
generally needs to be able to achieve continuous
control of the equipment, and can use manual
strategies for debugging.

When the automatic operation control is
performing the loading and unloading of the task, it
is necessary to manually press the automatic button
device to make it run from the origin. After running a
blanking process, the next blanking process can be
automatically started. If the manipulator repeatedly
performs the blanking process, pressing the stop

Set the reduction
Back to the starting
point

Pick up the material

button at this time can immediately stop the
equipment and debug it [14].

In general, the strategy of manual operation
control is only adopted when debugging the
equipment. Under the command of manual operation
control, each time the manipulator completes a
blanking process, it will not continue the next
blanking process.

At this time, the button needs to be manually
pressed to send instructions for the next blanking to
the manipulator. so that the second blanking can be
carried out. In general, this manual operation control
is not easy to make errors compared with automatic
operation control, but it requires manual and
frequent send instructions [15].

The automatic operation control of the blanking
process and the manual operation control of the
blanking process are shown in Figure 6.

Blanking process
completed
The feeding process is
complete

()

Move the Y-
The initial § Open operation_’ axis to the leftf] Open grab
position button Move down button
the z-axis

Press the

move button

Mechanical hand material
placement

Put the raw material
Move the raw material H
A variety of detection

The mechanical hand takes
the material

The feeding process is
complete

Manipulator
grab raw
material

| Open the
place button

.’

Put the raw
material

Press the align button

Open grab__ |
button

The cylinder moves the
center platform

Open the forging button

Use a press to apply
pressure

Open the

place button

_’

Mechanical hand material
to complete the blanking

(b)

Figure 6: The automatic operation control of the blanking process and the manual operation control of the blanking

process: ((a) The process of the automatic operation con

trol, (b) The process of the manual operation control)
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2.4 The Process of Finite Element Simulation

The finite element simulation is a method that
uses data and values to analyze the model [16]. This
method is practical and is well used in the
verification of the performance of many mechanical
components, as well as physical and chemical
performance verification of raw materials. The basic
principle of the application is the analysis of values,
which can divide a whole mechanism into a variety
of interconnected point units.

Through these point units to analyze, which can
reduce the complexity of the entire system or raw

materials. However, it should be noted that when
using finite element simulation analysis, the
accuracy of the final data results is not high, because
the result data is an approximate solution obtained
according to the division of the mechanism nodes,
and only the general performance of the mechanism
is speculated.
However, this does not affect the position of finite
element simulation in the field of mechanical
analysis. Compared with traditional analytical
algorithms, the advantages of finite
simulation are shown in Table 1.

Table 1: Advantages of finite element simulation

Advantages of finite
element simulation

The embodiment of advantages

Strong operational control

It can be applied in various machining industries, and most mechanical
models can be simplified and simulated.

Widespread use

The partitioning performance of nodes is strong and will not be interfered
with by the shape of the model.

High computational
efficiency

Finite element simulation calculation uses matrix form, which has high
adaptability with the computer, the calculation speed is fast, and the

versatility is strong.

When establishing a finite element simulation
model, how to reasonably divide the nodes of the
analyzed model has a great impact on the data
results. Because the mechanical structure in the
actual analysis is often very complex, the
characteristic distribution of raw materials is
uneven, and the boundary conditions and load are

also complex and variable. When establishing a finite
element simulation model, the structure needs to be
simplified to obtain a finite element model that can
reflect the characteristics of the manipulator. When
simplifying the model, four principles must be
followed, as shown in Table 2:

Table 2: The testing principle of the finite element model

The principle

The specific content of the principle

Ignore widgets

In the mechanical structure, the widgets that have no effect on the performance
structure such as load-bearing can be appropriately ignored.

Ignore . . . . .

. 8 . Dimensions such as holes, fillets and chamfers with less influence on model features
fneonspicuous can be properly ignored
features properiyis '

Simulated The original connection simulation in the mechanical structure is regarded as a rigid

. connection, and the threaded connection and welding have little influence on the
connection - : .
characteristics of the structure and can be appropriately ignored.
The load of the structure is appropriately simplified, and the force of the supporting
. . base, motor, accelerator and coupling of the mechanical structure connected can be
Simplify the load

regarded as an equivalent load to ensure that the position, area and force of the
contact surface remain unchanged.

When the manipulator works, the body of the
manipulator is loaded with the weight of the entire
structural system and the inertial force generated by
the movement process. The skateboard and rack are
the key moving parts in the horizontal movement.
During the analysis process, the skateboard and rack

are assembled together for overall analysis. They all
rely on the transverse bracket to support the
movement, and the horizontal movement and
vertical movement of the manipulator are connected
by the connecting block. So when building the model
of the manipulator, the model of the manipulator's
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body, transverse bracket, transverse skateboard and
connection block are first established. In the process
of finite analysis, it is very significant to divide the
mechanical model into elements. An appropriate
element can not only greatly simplify the difficulty of
analysis, but also improve the accuracy of the finite
element analysis (FEA). The structure of the moving
manipulator is a solid model. The solid linear
element is used to divide the unit, which can
effectively express the real situation of the
manipulator. There are two commonly used division
methods: tetrahedron and hexahedron. These two
types of units have their own advantages. For some
complex structures, tetrahedral units can be used to
show the structural characteristics more clearly.
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3. Experimental Verification and Result
Comparison

3.1 Analysis of Kinematics Simulation of the
Manipulator

The performance verification of the manipulator
is realized by finite element simulation. The physical
performance of the manipulator can be obtained by
simulating and verifying the performance of each
data during the movement of the manipulator
through finite element simulation, and its structure
is shown in Figure 7.
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Figure 7: The results of finite element simulation of the manipulator ((a) is the loading speed curve of the
manipulator, (b) is the loading acceleration curve of the manipulator, (c) is the blanking speed curve of the
manipulator, (d) is the blanking acceleration curve of the manipulator)

In Figure 7, the results of the four graphs show
that when the manipulator is loading and unloading,
the maximum speed of the x-axis is 250mm/s, the
maximum speed of the y-axis is 225mm/s, and the
maximum speed of the z-axis is 150mm /s, and the
changes of acceleration are relatively uniform in the
three directions, and the amplitude is relatively
balanced. When loading and unloading, the speed of
the manipulator has a sudden change, and there are
obvious acceleration and deceleration curves at the
stages of beginning and end, and the rest of the
operation process is relatively stable. So, it can be
judged from the graph in the figure that the

manipulator runs stably in the process of loading
and unloading, which meets the stability
requirements of machining and can work smoothly
and normally.

3.2 The Test of the Success Rate of Loading
and Unloading of the Intelligent Manipulator

In this link, the above manipulator will be used.
For the success rate of workpiece or material
grasping and loading and unloading in the machining
process, four kinds of materials are used to test. The
first is the common large gear commonly used in
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machining, the second is the main shaft in the

engine, the third is the large gasket in the large

industry, and the fourth is the blank of No. 45 steel.
Each material is grabbed 10 times, the success

rate is statistically and drawn as a statistical chart,
and the moment position of the manipulator is
analyzed using a simulation system. The results are
shown in Figure 8.
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Figure 8: Statistical analysis chart of manipulator grasping success rate and position ((a) is the grasping success
rate, (b) is the position value in the process of grabbing gaskets)

Figure 8 (a) shows that when using the intelligent
manipulator to grasp the workpiece and the original
blank, each of the four materials has been grasped 10
times respectively, of which the number of
successful grasps of the large gear is 9 times, so the
success rate is 90%. The number of successful grasps
of the main shaft of the engine is 10 times, and the
success rate is 100%. The number of successful

grasps of the large gasket is 10 times, and the
success rate is 100%. The number of successful
grasps of No. 45 steel blanks is 7 times, and the
success rate is 70%. The reason for the high number
of successes of the main shaft and gaskets is that the
shape of the main shaft is special and easy to grasp,
while the gasket is generally made of rubber. The
purpose of the gasket is to increase the friction
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coefficient, so the success rate of the gasket is also
high. Due to the special shape of the gear, the teeth of
the gear and the manipulator are more likely to slide,
resulting in the phenomenon that the gear falls from
the manipulator. For the No. 45 steel blank, due to
more impurities and larger quality, and irregular
shape of the blank, it has less contact with the
manipulator and is easy to slide, so the success rate
is low.

Through the numerical analysis of the position of
the manipulator's grabbing gasket in Figure 8 (b), it
indicates that the position value of the manipulator
is an integer. So it can be analyzed that under the
condition that the manipulator can ensure sufficient
grasping and does not fall, from the process of
grasping the material to the moving, and finally to
the complete placement of the material by the
manipulator, the manipulator moves relatively
smoothly without shaking. Therefore, it shows that
the manipulator can bear the quality of the
workpiece or raw materials well and complete the
stable loading and wunloading work, so the
manipulator can be applied in automated
production.

4. Conclusions

Nowadays, high-tech mechanical production has
become the primary goal of the development of
various countries, and the ultimate goal is to adopt
various new technologies to achieve fully automated
production.

The purpose of the research is discussed, and the
structural requirements of the automatic
manipulator and the manipulator in the mechanical
production, and the type of the servo motor are
elaborated. Combined with the mechatronic straight
side press, a system of manipulator loading and
unloading is proposed, which is applied to the
loading and unloading work in the mechanical
production process. The kinematics performance of
the manipulator is verified by finite element
simulation.

Through the simulated curve structure diagram,
it expresses that the kinematic performance of the
manipulator is good, and the stable rate change can
be guaranteed in the loading and unloading process,
which proves that the physical performance is good.
Moreover, in the test of the success rate of the
manipulator's grasping of four workpiece materials,
the grasping success rate of each workpiece is
relatively high. However, the phenomenon of
grasping dropping is mainly caused by the irregular
shape of the workpiece, not caused by the damage
and instability of the manipulator.

During the whole process of grasping the
workpiece material, the manipulator moves
relatively smoothly, which can ensure the safety and

non-damage of precision instruments and
workpieces. Therefore, this kind of manipulator can
be deployed and applied in mechanical production,
which provides a certain reference for intelligent
mechanical production. However, the loading and
unloading accuracy of the manipulator has not been
verified yet. In the follow-up work, the performance
of this aspect will be focused on, and how to reduce
the failure of grasping is also a problem that needs to
be considered, such as adding a rubber layer to the
manipulator. Measures can be taken to increase
friction.
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