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technology, and completes the synchronization control and reliability of the loading
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Introduction

The dual-drive electric push rod loading synchronous control technology can not only reduce the air supply system
and auxiliary devices required for the work of the pneumatic actuator, but also reduce the mechanical load of the
actuator by using the electric push rod execution control system. Because such a control system requires mechanical
load in all operations of the pneumatic actuator. Although it is also possible to use high power with low power con-
sumption, the air consumption is also very large due to the length of the running time. If an electric over-rod drive
motor is used, a large amount of electricity is required when the running speed is limited, and it is still unable to
generate electricity when the opening amount is exceeded. Therefore, from the perspective of power saving, the
electronic push rod generator has a more prominent power saving advantage than the traditional pneumatic generator.
The utility model is more suitable for medium-distance work and is widely used as the opening and closing of damp-
ers, exhaust valves, gates, cargo handling, water flow control, etc. in power generation and administrative depart-
ments. Oil fields, chemical industry, metallurgy, mining, light industry, transportation, shipping and other fields. At
present, it has been used by more and more industrial departments to replace traditional automatic transmission mech-
anisms such as manipulators, hydraulic valves, and reducers. This paper introduces the main structure, working
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principle, hardware architecture of the dual-drive electric push rod synchronous control system and the dual-drive
synchronous control technology when returning to zero, in order to provide a reference for subsequent work [1, 2].

1. Overview of Electric Actuator
1.1 Main structure

The electric push rod consists of a traction motor, a reducer, a screw, a nut, a guide sleeve, a horizontal pull rod, a
sliding seat, an air spring, a housing, a turbine, a micro switch for remote control, etc. The electric rod is a new type
of electric drive mechanism. The electric push rod is a new type of linear motor, mainly composed of a motor, a push
rod, a remote control, etc. The electric rod can move back and forth within a specified length range. Under normal
circumstances, the maximum driving force can reach 6000 mm, and the no-load travel speed range is 4 cm to 35
mm/s. The constant magnet 24 power supply is the main power supply of the electric rod, which can convert the
horizontal rotation motion of the motor into linear reciprocating motion. Push a group of joint mechanisms to switch
dampers, valves, gates, baffles, etc.

1.2 Working principle

After passing through the gear reducer, the motor drives a pair of nuts. The motor's rotary motion is converted into
linear motion, and the push rod motion is realized by the forward and counterclockwise rotation of the motor. For
example, complex movements such as rotation and shaking can be realized using various levers, rocker arms or
connecting rod mechanisms. By changing the diameter of the lever arm, the speed can be increased or the stroke can
be expanded. The electric motor uses a gear reducer to drive a lead screw and bolt to energize, and the mechanical
forward rotary motion is linear motion, while the push-pull motion is realized by the forward and reverse motion of
the motor. The driving force is equal to the tension. Therefore, complex movements such as rotation and shaking can
be performed using various levers, rocker arms and connecting rod mechanisms. The electric push rod can increase
the stroke by changing the diameter of the lever arm.

Automatic protection of electric push rod. Automatic overload torque protection device in the push rod. When the
push rod stroke exceeds the limit displacement and is greater than the specified value under the rated thrust, the push
rod can also automatically stop working. The overload insurance function is realized, so that the engine and compo-
nents are not damaged, but it cannot be used as an internal stroke controller. Therefore, a switch must be installed on
the push-pull output component, and an external stroke switch device must be installed on the electric push rod to
limit the normal start and stop of the push rod.

1.3 Stroke control device

Worm gear transmission mode: The worm shaft of the generator driving wheel drives the turbine to rotate, causing
the small lead screw of the turbine to move axially. The lead stop rod of the connecting plate also moves axially.
When operating at the required position, the controller limit switch block presses it into the speed relay and turns it
off, and the motor stops running (positive and negative poles are controlled the same way).

Gear transmission method: When the power passes through the reducer, it first drives the small screw fixed to the
pipe, and then drives the axial rotating nut connected to it. When the desired position is reached, the instrument of
the end switch is pressed with a bolt and the power is cut off, and the generator stops working (the same in the
opposite direction). A potentiometer can be used to display the movement speed of the rod, and an electronic encoding
device can be added to ensure that the whole process is completed in several steps [2-4].

2. Dual-drive Electric Push Rod Loading Synchronous Control Technology
2.1 Hardware architecture of dual-drive electric push rod synchronous control system

The entire hardware system consists of five parts:

(1) Motion control system. The open CNC system with upper and lower computer structure is composed of a com-
puter (host computer), 6K relays and other devices. The 6K small motor relay mainly realizes real-time functions
such as interpolation motion, position control, speed control, multi-axis motion control, controls the number of
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operation panels and the input and output of working status, controls the operation logic, etc.; it basically com-
pletes the tolerance of the electric push rod and the synchronous protection of control.

(2) Drive system. It consists of Yaskawa drive and Yaskawa motor.

(3) Measurement feedback system. It is mainly composed of the motor encoder, the mechanical encoder on the re-
ducer, the contact measurement position sensor on the electric push rod, and the communication interface of
RS485 and RS 232. The motor encoder information is transmitted to the driver to form a high-speed circuit; the
encoder information on the reducer is transmitted to the 6K controller to form a low-displacement loop; and the
contact displacement sensor on the electric push rod feeds back the displacement information to the industrial
machine through RS 232.

(4) Mechanical transmission and end effector. The reducer can increase the maximum output torque of the electric
push rod. The two electric push rods are the final motors that control the entire measurement and control system.
The electric push rod can convert the minimum movement speed of the generator into linear motion of the push
rod. The two electric push rods can also be rigidly connected. However, due to the existence of the rigid connec-
tion method, higher technical requirements are put forward for synchronous motion. The two motors can work
synchronously and drive the push rods parallel to each other to achieve linear motion in a certain direction. Figure
1 shows the control framework of the system [3].
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Figure 1. Measurement and control system architecture.
2.2 Dual-drive electric push rod loading synchronous control technology

Figure 2, this is the lifting structure in the gantry mechanism. In this structure, the load is carried by two electric rods
and a dual-drive mechanical system. Since the push rods are firmly connected to the load equipment, the requirements
of the two electric push rods are the same, otherwise the mechanical system will be damaged. The pushing mechanism
should apply a force greater than 1 ton to the workpiece, and at this time the moving speed of the pushing mechanism
should also be kept at the same level to achieve the goal of balancing the applied load. The electric rod has only a
narrow device but no directional device, so it is difficult to control synchronously. In addition, in order to meet the
requirements of starting device positioning and device height calibration, the lifting mechanism must also be able to
reset synchronously.

In the case of two-axis synchronous control, the two axes should move in the same direction. At the same time, the
system requires the two axes to move in the same direction. Realize the same-direction displacement of the two axes,
mechanical synchronization, constant speed synchronization, acceleration synchronization, etc. In practice, there are
two main methods to achieve two-axis synchronous control: mainly with mechanical synchronization, but generally
do not use more precise machine synchronization control. Secondly, it is the same as the principle of mechanical
control system. However, CNC machine tools are generally driven by programmable stepper motors. At the same
time, the development spindle is also driven by the corresponding motor, and the speed difference and synchroniza-
tion space difference between the two generators are controlled by sensors. At the same time, it is very easy to change
the synchronization mode of the synchronous development spindle instead of directly generating reverse reaction
force and gears. The synchronization accuracy can be improved by directly controlling the synchronization mecha-
nism and controlling the full closed loop or semi-closed loop mechanism. This method uses the synchronous control
method to control the servo controller by accurately positioning the precision spindle. This chapter also recommends
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several synchronous control methods that are very useful in practical use and guarantee an accuracy of less than 10
meters [3-5, 7].
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Figure 2. Schematic diagram of lifting mechanism.

2.2.1 Mechanical structure optimization

The push rod and the electromagnet are in the same stroke, forming a double cantilever structure. The purpose of
synchronous control is to ensure that two internal stress rods are applied simultaneously during loading without caus-
ing mechanical damage. It overcomes the load pressure imbalance caused by biaxial imbalance. Therefore, the me-
chanical mechanism must be considered at the same time during loading, and the key point is that the push rod must
have a certain strength, must be thick enough, and the curvature under pressure loading is minimal. In addition, in
order to ensure good parallelism between the two push rods and good verticality between the push rod and the loading
mechanism, redesign and installation are required. In addition, structural damage caused by asynchronous lifting of
beams and columns should also be considered. In addition, elastic elements with greater strength may also be added.
At the same time, if the connection between the crossbeam and the other two lifting beams is connected by pins, the
breaking strength of the pins is much smaller than the breaking strength between the beam template and the base.

2.2.2 Linear interpolation synchronous control technology

The motion controller uses a combination of linear and interpolation dual- drive motion to complete the synchronous
control of the two motors to achieve the passage of the electric rod. Using the dual-connection mechanism method,
not only can the same action pulse be sent to the drive axis at the same time, but the coupled motion position and
feedback information can also be analyzed and found from each servo drive cycle to correct the timing deviation.
The linear interpolation method controls the two servo motors of the lifting mechanism to achieve synchronous height
control of the two axes. At this time, the synchronization error is equal to the sum of the position accuracy of the two
axes.

2.2.3 Improve the control accuracy of single push rod

In order to improve the accuracy of motion synchronization, it is necessary to further improve the accuracy of single-
axis motion control. In this way, the final synchronization of motion can be achieved by measuring the motion data
sequence of the two axes. However, due to the structural limitations of the electric push rod and the lack of a linear
grid ruler, it is impossible to calculate the final motion time and achieve complete closed-loop control. The control
accuracy of the electric push rod can be greatly improved through the use of dual encoding devices and zero-five
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closed-loop control technology. However, the positioning accuracy is mainly affected by factors such as the accuracy
of the ball screw (lead accuracy, axial clearance), mechanical installation, mechanical transmission, and control meth-
ods. High-precision bolt screw design can improve the accuracy of traditional bolt screws. The mechanical transmis-
sion error is mainly due to the transmission system between the generator and the reducer and the synchronous belt
drive. For this reason, a disc encoding device can be added to the input end of the ball screw, so that the position of
the ball screw input end can be directly reflected to the controller, and the position of the engine encoding device can
be directly fed back to the driver, which helps to reduce some deviations in the mechanical transmission part [1, 8].

3. Dual-drive Synchronous Control Technology for 3 Return to Zero

The absolute zero point of the system plays a critical role in motion control. In order to correct the coordinate system
of the motion control system, it is necessary to set the zero point before each start. Therefore, when the electric push
rod is synchronized with the linkage control, there will be a zero position problem. Based on the traditional 6K
controller zero position adjustment method, on a single axis, the motor starts to look for zero position information
after receiving the zero position adjustment command. After obtaining the zero trigger signal, the current position is
recorded immediately, while the deceleration and the trigger signal are recovered. However, the coaxial method does
not solve the two cylinders with the possibility of interpolation at the same time. First, the controller is no longer
used, and since the number of triggers cannot be set to zero, it can trigger two cylinders at the same time, but the
number of cylinders will not be consistent. This is also a problem with zero-cycle synchronization control. There are
also some other ways to reset the electric push rod with a solid connection:

(1) Use the "soft" zero position mode, that is, define the theoretical zero point in the software, and move to this
position every time the interpolation returns to zero. After long-term operation in this way, the two cylinders will
have accumulated errors.

(2) First restore to a near-zero position through interpolation, and then perform subsequent regression to zero. The
so-called following method is the main motion, then the slave motion, the slave motion root follows the main
motion, and the single-axis difference of the main motion is zeroed. When this method works normally, the cu-
mulative deviation of the two cylinders will also exist, but it will be less than the "soft" zero method.

4. Conclusion

The overall design method of synchronous control of electric push rods has also achieved good results in actual use.
(1) The semi- closed loop control mode of the dual encoding device greatly increases the position control time of the
electric push rod. (2) The zeroing of the two electric push rods adopts the mixed absolute zeroing mode. (3) In order
to avoid the synchronization out-of-tolerance of the two electric push rods, the triple redundant software and hardware
synchronous control is used to greatly increase the safety of the synchronous control of the electric push rods.
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