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The Research of Automatic Mold Manipulator Control System on

PLC

Abstract—Automatic mold manipulator control system uses Mitsubishi FX2N series PLC as the
control core, KINCO servo system as the main control object, and MCGS touch screen as the
terminals. By the use of the external sensors to detect the trigger signal and drive the actuator, and
then the manipulator can auto-complete the four process flow operation: feeding Drawing -
Anti-pulling — Punching in each position, which is capable to avoid the risk of manual operation
and the shortcomings of low productivity, achieve automation and intelligent of the production,
and improve the product quality.

Keywords—PLC, Servo-system, Automatic mold manipulator
I. INTRODUCTION

As the essential tool for cold machining, the punching is widely used in nowadays. The
tradition punching is controlled by manual, which is low effective and high dangerous. In this
paper, the electrical control system for the manipulator is designed, which makes it possible to
cooperate punching and manipulator to achieve the automachining of the mold. It is of great use to
steady and improve production quality, raise product efficiency, improve the working conditions.
It mainly includes three way of controlling in the robot, which is based on relay, PLC, or computer.
While relay control system is prone to malfunction and poor at flexibility, computer control
system lacks the ability of anti-interference and is complex to design, but the PLC control system
is reliable at operation, easy to maintenance, strong at antiinterference, and energy saving, which
makes it the most widely used control plan in the punching control system.

Il. THE OVEROLL SCHEME OF THE CONTROL SYSTEM

It mainly includes three parts in the automatic mold manipulator control system: automatic
loading system,robot system, and display system. Depending on the function demand of the
manipulator, in this study, embedded computer touch screen is used as the upper machine,
Mitsubishi FX2N Series PLC is used as the lower machine, servo system and the solenoid valve
are used as the main actuator, and the magnetic switches and photoelectric sensors are used as

detection element. The overall scheme of the control system is shown as Fig2.1
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Fig2.1 Schematic of the manipulator control system

As the system's upper machine, that is monitoring system, embedded computer touch-screen is
mainly responsible for device status animation display, debugging control, alarm information,
production records, etc.; the monitoring system communicates with PLC via serial port, sending
information and accepting control commands of the system communicates with PLC via serial
port, sending information and accepting control commands of the equipment send by PLC through
this interface. PLC control system, as the upper machine of the control system, is the core of the
whole control system. Its function is to achieve signal acquisition, automatic load-unload control,
servo positioning control, pneumatic gripper control, upwarddownward control and security
systems control, etc. It mainly includes magnetic switch and photoelectric sensor signal
acquisition in signal acquisition, these signals are send to PLC, which is of great importance to the
reliable and safe operation of the control system; automatic loadunloading control is actualized by
the control of vibrating loading and robot rotation by the PLC; servo positioning control is the
critical and core issues of the whole control system, which is mainly achieved by program for the
PLC and servo drive; pneumatic gripper control and upwarddownward control are achieved by
control the solenoid valve; to realize security control, it is needed to coconsiderate each factor and
program for the PLC.
11. ALLOCATION OF THE HARDWARE CONTROLSYSTEM
A. Hardware requirement of Control System Main functions of Control System are to achieve
precise control of automatic mechanical movement, which basically include the overall rotation

manipulator position servo control, to shift the workpiece manipulator clamp / open motion



control, motion control solenoid lessons of raw materials, machinery and hand movements control,
punch press stamping control. Control system hardware design must meet the following
requirements:

(1)To achieve the rotation system’s high precision position servo system, the angle error should
lessthan 40.2%;

(2)When pneumatic manipulator moves the semi-finished workpiece, it must be accurate clamping
every time, make sure it is stable and reliable in the rotation process;

(3)If the process of moving the workpiece is unusual, such as the items were falling or in
incorrect position, it must stop stamping automatically and alarm immediately.

(4)Good security and maneuverability. The hardware block diagram of Auto Mold Manipulator
Control System has been shown in Figure 3.1, various switch-type sensor passes the device status
to PLC (such as the state of mechanical hands, the workpiece location) for processing, then the
CPU will do all sorts of computing processing, in order to achieve real-time controlling on

executing agencies. Fig 3.1Block diagram of control
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Fig 3.1Block diagram of control system hardware
B. Allocation of Main Hardware
(1)Using FX2N Series PLC as the core controller, it can achieve the device automatically
controlling, and output the information after real-time processing of a variety of state. The input
signal received by the sensor equipment shows the working conditions of the devices, through
real-time processing to achieve a variety of pneumatic valves motion, servo motor action and

electromagnet movement.



(2)Servo systems are generally closed-loop control; its control block diagram has been shown in
3.2. First, usingoptical encoder detects the servo motor’s position60, and then sending the data to
control processing, so that it can compose a negative feedback closed-loop control system with a
given position 0i of the servo motor. The working process of closed-loop control system shows as
follows: first of all, set a given objectivefias servo motor’s position, so controllers sent pulse
commands to servo motor and make it turn to the target location, that is, sending out a certain
number of pulses, we can read the actual location of the servo motor with the help of
photoelectrical encoder’s counting pulses. Due to load disturbance or other non-linear factors, if
the actual location of the servo motor has a deviation with the given location, and this deviation
(A6=6i—00) is not equal to 0, the motor pulse number can be adjusted through setting the
algorithm controller, so that the actual location outputf0 of the system can be subject to a given
target location.

According to previous analysis, the result can be drawn: This servo control system is a position
changing system, it uses the photoelectric encoder to detect the physical location of the system in
real-time, through the controller to adjust the location of the system, to reduce the deviation
between the actual position and target location, and make sure the control system with simple
structure.

The controlling of position servo system is the most critical part of the system; its control can
affect that: whether the equipment could run smoothly and successfully. In this research, KINCO
ED series of servo system will be choose to achieve automatic mold manipulator rotating position
and angle control, the internal of this drive integrates drive, control, bus, I / O functions and so on,
and it can store 256 programs internally, each program also can be stored a kind of movement
curve, including acceleration, deceleration, maximum speed, target location and other important
parameters of the movement curve, through the eight 1 / O ports, it can achieve a maximum of 128
movements curve’s direct transfer, while with the communication function which is supported by
ED, external controller can also call 256 internal storage procedures in ED, and changes the
parameters inside drive system
(3)In order to ensure the detection of equipment’s working conditions is reliable, the sensors must
be selected and installed reasonably, and ensure that the correct sensor signal can be sent to PLC.

The system will chose themagnetic switch sensors based on the detection of cylinder, it can be



easily installed on the cylinder surface; for the detection of workpiece position, the inductive
proximity switches sensors will be selected to prevent interference with the signal and ensure
reliable data; for electromagnetic detection of the arm, it will use photoelectric sensors.
IV. SOFTWARE DESIGN OF CONTROL SYSTEM

The important objective of the Control System is to achieving the continuous operation on
Automatic Mold Manipulator System, meanwhile it must consider the functions of the program
pursued is with high integrity and reliability, using modular design of the PLC control program,
and make sure the system’s mechanical movement running sequentially and reliably. In the
hardware system with limited resources, it can achieve all the completed functions and guarantee
the system going safely and reliably.
A. Fundamental principle of PLC Program’s Implementation

After PLC is power-on, CPU will do internal process first under the supervision of the system
program, it includes hardware initialization, | / O module configuration checks, keeping the scope
of power outages and other initialization setting processing. Before implementing the user
program, the check of communication services and self-diagnosis will be completed. In the
communications services stage, PLC should be completed communication with a number of
intelligent modules and other peripherals, and also complete the data receive and send tasks,
respond to programmer typed command, update the contents of the program’s displays, update the

contents of the clock and special registers, etc. The work principle shows in Figure 4.1 as below:
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Fig4.1 Working process of PLC

B. Achievement of PLC Program

PLC programming is commonly used in modular programming to achieve the overall function;
this method has the following advantages:
(1)Clear structure, similar to the function in C language, readable, easy to modify in debugging;
(2)The program can be standardized; especially some features can be compiled into a standard
procedure;
(3)Various modules of the program can be written and participated by many people, reduce
program development time; For Mitsubishi Series PLC, its program is modular; the fundamental
way is to use subroutines, the control system can call the program modules of subroutines in an
appropriate time,  the control system program mainly constituted by some modules shown as

Figure 4.2:
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V. PROBLEMS AND SOLUTION DRINGDEBUGGING STAGE

On-site commissioning is one of the most important aspects in PLC control system design; it
must be with rational planning and strict requirements. Debugging process is very cumbersome
and complex, all kinds of unexpected issues often arise, such as the problems on debugging
inductive load. In the Control System, it often uses inductive load such as intermediate relay and
electromagnet, due to inductive load can produce back-EMF voltage at the moment when the
power is turned on or off, this voltage peak may be damaged or generate additional magnetic coils,
thus affecting the normal debugging, therefore, during the stage of designing and debugging this
type of load, certain measures must be made in order to prevent the back-EMF voltage affect the
Control System and cause adverse effects. When electromagnet is powerdown, the magnetic
power cannot be eliminated rapidly, which might lead to the materials cannot be put in exact
location in time, and affect the normal operation of ControlSystem. In debugging stage, the diodes,
which are satisfying the requirement of the equipment, can be opposite and paralleled connection
with electromagnet, the previous problem will be solved perfectly.
VI. CONCLUSION

This paper presents the automation on stamping manipulator device, this equipment can instead
of manual operation, improve the working environment, however, from the perspective of
controlling technology, there is still much work to be done. Currently, the technology based on

PLC control has developed on intelligent and network-based direction. The application research of



PLC control technology in intelligent control and large-scale network control will become the
future research directions. The problems exists on debugging stage of control system should be
studied in-depth and explored. Sum up the order, study new algorithms and approaches, combine
the mechanical design and control system genuinely, and that will be able to achieve a better
quality of actual control.
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PLC Controlling System of TransportationManipulator and

Simulation Debugging

Abstract—PLC (programmable logic controller) is one type of general industrial control
platforms with high reliability. Based on the PLC of SIMENS SIMATIC S7-200 series, this paper
introduces a control scheme of the manipulator transportation control system. The hardware
design and PLC programs are given in details. In addition, the configuration simulation of the
control system is performed by the application of King view software. This system, with
advantages of high reliability, simpleconnection and low power consumption, can be widely used
in teaching practice and industrial applications.

Keywords-PLC; manipulator; simulation; King view
I. INTRODUCTION

The manipulator is a new type of device in the mechanization and automation of production
developing process. It can imitate some functions of the arm, for example,grasping, releasing,
handling objects etc. according to a fixed order, and is widely used in industry production and
other fields [1]. The application of the manipulator can reduce the workers’ repeated operation,
and replace humans in dangerous and toxic nvironments, which greatly improve the efficiency and
accuracy of work. It also has great significance in the protection of the personal safety, the
improvement of the working environment and the reduction of the labor intensity.

Programmable logic controller, or PLC for short, is a type of general industrial control
platforms that was first developed in the 1960’s. PLC offers several advantages including high
reliability, simple programming esy learning onvenient usage and small volume and it has been
widely adopted in industrial field [2] [3] (1 SIEMENS PLC, production of ermany has been used
extensively in China, especially the S7-200 series, due to its compactness, cost-effectiveness,
wide range of CPU sizes and easy to programming in a small-scale control system [4].Based on

the PLC of SIMENS SIMATIC S7-200 series, this paper introduces a manipulator transportation



control system, which uses the horizontal vertical displacement structure. The manipulator is
driven by the cylinder. The corresponding solenoid valves drive the pneumatic actuators to
complete the actions, which is controlled by PLC. This control system can be easily used in
various industrial production lines to complete parts transportation in a fixed position, thus
achieving production automation.
Il. ANALYSIS OF CONTROL REQUIREMENTS
The configuration simulation interface of the manipulator transportation control system is
shown in Figure 1. This is the initial interface of configuration simulation in King view software
[5]. The manipulator can be used to move the workpiece from table A to table B. The system
shown is at the initial position.

To meet production requirements, the control system has four working modes of single
operation, stepping operation, single-cycle operation and continuous operation. Each working
mode can be set with the corresponding switch installed on the operating panel. Single operation
is to accomplish the various actions in a manual control. Maintenance of the equipment is often
done in this way. The continuous movement process is divided into 8 steps in a cycle, including
clining, clamping, rising, extending, declining, releasing, rising and retracting. But the
manipulator must be ensured to start from the initial position. The continuous operation is that
the manipulator performs each cycle of the action repeatedly. The single-cycle mode is that the
manipulator automatically runs from the initial position and stops after a cycle of action. When
the stepping

mode is selected, the manipulator then moves one step according to the order.
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Figure 1. the initial interface

The cylinders are respectively driven by two solenoid valves [6] [7] of double-coils, which is to
make up / down, left / right action to perform. When a solenoid valve coil is energized, it has to
maintain the existing mechanical action. For example,once the solenoid valve coil of controlling
down is energized,manipulator hands down. Even if the coil is off, the existing status is still
maintained until the opposite direction coil isenergized. In addition, the cylinder movement is
driven by single-coil solenoid valve to achieve gripper movement. The gripper is designed to
perform clamping when the coil is energized and to relaxation when it is not. In order to move to
the destination with accuracy, the four corresponding limit switches are installed on the ultimate
positions to limit up/down, left / right action of the manipulator, which can send the input signals

to PLC.
I11. DESIGNING OF PLC HARDWARE
A. Selecting Machine Model

PLC is a kind of industrial control system and its control object is the industrial production
equipments. Its connections with industrial production course are realized through the 1/0
interface modules. PLC employs many types of 1/O interface modules including switch quantity
input module, switch quantity export module, simulated quantity input module and simulated
quantity export module as well as some special modules. According to the analysis of the control
requirements, the system is a sequence control. Considering the number of input and output points,
asmall PLC, the CPU 224 of SIEMENS S7-200 was used in the control system. The machine

integrates 14 inputs / 10 outputs of the total of 24 digital 1 / O points, and the 1/ O interface



module can be easily disassembled as a whole.Also, the machine has switch quantity 1/O
interfaces which can take over signal from sensor and switch and control equipment. Typical AC

1/0 signal is 24~240V, the DC 1/O signal is 5~240V. EM221 module is used as Digital expansion,

which expands 8 inputs.
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Figure 2. 1/0O wiring diagram

The input and output wiring diagram of PLC control system is shown in Figure 2. The input
circuit, powered with the S7-200°s own 24 V power, includes the buttons, limit switches and a
manual switch. The output circuit includes the solenoid valve coil, which used 220V AC external
power supply.Because the solenoid valves need less power, the electrical



output from the PLC can be used to drive directly.
IV. PLC PROGRAMMING
As the control system has multiple work modes, the program are compiled in a

modular structure [9]. The four modes of manipulator can be divided into manual and
automatic modes,the later including stepping operation, single-cycle operation and
continuous operation. The manual program and automated program can be compiled
in the independent subroutines modules, which can be called through program
instructions. When the single operation is selected, 11.2 is on and the manual
procedure is performed. When the automatic mode (stepping, single-cycle and
continuous) is selected, 11.3, 11.4,11.5 are respectively on, and the automatic control

procedure is carried out. The entire main program is shown in Figure 3.

_| 1.2 ESEH_[I
1.3 SBR_1
| e
_| 1.4 I_
1.5
H B

Figure 3. the main program

Manual operation is to accomplish the various actions with single control in random order. The
program is designed in the normal relay contactor control system. Manual program is shown in
Figure 4. In order to maintain the safety of the system, it is necessary to set protective measures.
One such is that the manipulator is only allowed to run in left or right at the upper limit position
(10.0 = 1). Because the clamping and relaxed are controlled by a solenoid valve of single coil, the
program is written in the Set, Reset commands, which have the keeping function. It also set up a
mechanical interlock. The clamp and release movements are allowed only when the manipulator is

at the lower position (10.1 =1).
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Figure 4. the manual program (0 subroutine)

The manipulator can be automatically operated in sequence.lt has a variety of methods for
programming [10]. This system is easy to control by programming in SFC (sequential
unctionchart), in which the conditions for conversion is decided by the state of limit switches and
timers. The detection of pressure,location or time can be used as the principles to control the
clamping an relaxation. The timer T37 is used to control the clamping time, and T38 to control the

relaxation time. The Sequential Function Chart of automatic operation is shown in Figure 5.
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Figure 5. the SFC of automatic operation (1 subroutine)

As shown in Figure 6, M0.5 is the initial condition. The program of automatic operation
controls the continuous, singlecycle or stepping movement, depending on the selector of the work
mode switch. When the continuous mode is selected, 11.5 and 12.2 set M0.7, which can ensure the
manipulator to perform each cycle of the action repeatedly. The ladder is shown in Figure 6. If the
stop button 12.1 is pressed in the process of the continuous action, M0.7 is reset to ensure the
manipulator to complete the current cycle until it returns to its original position. When the
single-cycle mode is selected,MO0.7 is reset. Each time the run button 12.2 is pressed, the robot

automatically run from the initial position and stops after a cycle of action. When the stepping



mode is selected, the internal relay MO0.6 is used in the conversion condition of each step. M0.6 is
set every time the run button 12.2 is pressed and the conversion condition is met. The manipulator
then moves one step according to the order.

The movements of manipulator include rising, decline,clamp, release, extending and retracting.
In the program, the internal relay M2.0 and M2.4 are respectively used to controlthe output of
decline Q0.0 in the left and right. M2.2 and M2.6 are respectively used to control the rising QO.1.
M2.1 and M2.5 are respectively used to control the clamp and release of Q0.4.M2.3 and M2.7 are

respectively used to control extending and retracting.
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Figure 6. the ladder of M0.7, M0.6, MO0.5 (1 subroutine)

From the sequential function chart, it is easy to transform into ladder program. Figure 7 shows
the running interface of configuration simulation in King view software. The manipulator is
declining at the right to transport the workpiece to Table B.

start stop single—cycle run emergency

@l @]~ @ o

stepping

solenoid valve coil HManual Button |
retracting extending
decline rising

clamp release

Figure 7. the running interface



V. CONCLUSION

This paper presents a scheme in the control system of manipulator transportation. The system used

S7-200 as the programmable controller with high reliability. The whole control system runs with

accuracy and is easy to maintain. In addition, the system has multiple work modes to meet a

variety of production needs. The control scheme has been applied to the teaching and practice of

production controlling, and achieved good results.
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