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Abstract 
In response to the demand for ultrasonic welding equipment for complex structures with 
multiple welding points and varieties, the integration of ultrasonic welding equipment 
with industrial robots had become a development trend. Firstly, in order to enable rapid 
replacement of the welding head, this paper designs a rapid-replacement mechanism for 
the amplitude rod and welding head, along with a statics simulation analysis. Secondly, 
to achieve high-precision ultrasonic welding, a robot ultrasonic welding module based 
on servo motors was designed, which mainly consists of flange mounting plate, servo 
motor, helical push rod mechanism, push rod, stabilizing rod, weighing sensor, quick-
change device, support frame, transducer, amplitude rod, and welding head. Finally, a 
pneumatic system for the robot ultrasonic welding module was designed. Results show: 
The amplitude rod and welding head rapid-replacement mechanism can achieve rapid 
replacement of the welding head within 5 seconds; the structure design of the robot 
ultrasonic welding module is reasonable and reliable, with high welding pressure 
control capability. The module weighs less than 12 kg and can be integrated into most 
industrial robots; the pneumatic system design of the ultrasonic welding module is 
reasonable and can reliably achieve separation and locking of the quick-change device. 
The robot ultrasonic welding module designed in this paper can be applied to the plastic 
welding field and has certain application value. 
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1. Introduction 

Ultrasonic welding is a method to join workpieces by generating heat through high-frequency 
mechanical vibrations causing friction between them, melting the plastic, and creating a solid 
connection upon cooling under pressure. Ultrasonic welding boasts benefits such as high processing 
efficiency, good biocompatibility, high welding strength, precision, lack of complicated preparation, 
and does not require other mediums[1]. It has become one of the main connection methods for plastic 
products. Currently, ultrasonic welding mostly relies on specialized equipment with fixed welding 
heads for automatic welding. During the welding process, the ultrasonic welding head can only move 
along the axial straight line, and usually, a single head is responsible for welding at a single point. 
Most of these equipments are single-station welding machines, with a few being coordinate-style 
multi-station welding machines[2]. These are suitable for simple structure, single-action, and few 
welding point product manufacturing, but they can no longer meet the current manufacturing needs 
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for complex structures, multiple welding points, and varieties[3]. Thus, developing ultrasonic welding 
equipment for complex structures with multiple welding points and varieties is not only an urgent 
task but also a direction for industrial equipment development. In recent years, there has been 
significant progress in industrial robot technology regarding flexibility, precision, and reliability in 
manufacturing, with an ever-expanding range of applications[4]. Industrial robots are good at 
completing tasks with moderate precision, large space, and complex actions, and are easily integrated 
into automated production lines, demonstrating strong flexibility and adaptability. Therefore, 
considering the demands for sophisticated ultrasonic welding equipment and the characteristics of 
industrial robots, integrating industrial manipulators with ultrasonic welding technology to develop 
industrial robots for ultrasonic welding is necessary. This paper aims to design an ultrasonic welding 
module suitable for integration with industrial robots. 

2. Design of Amplitude Rod and Welding Head Rapid Replacement Mechanism 

Concerning ultrasonic welding equipment, the transducer, amplitude rod, and ultrasonic welding head 
form a complex acoustic system[5]. It is required that the ultrasonic energy be transmitted through the 
welding head to the workpiece during operation, thus demanding a rigid connection between the 
amplitude rod and the welding head[6]. Based on the need for rapid replacement of the welding head 
by the industrial ultrasonic welding robot and the threaded rigid connection between the ultrasonic 
welding head and the amplitude rod, this paper adopts a holistic replacement approach. The 
transducer, amplitude rod, and welding head are treated as a single unit and connected to the support 
frame with threaded connections. The support frame is then connected to the drive device of the 
ultrasonic welding robot module through a quick-change device. The quick-change device is 
pneumatically driven, with separation and locking quickly achieved through control system signals. 
The locking force of the quick-change device is not less than 300N, meeting the welding pressure 
required during the plastic component ultrasonic welding process. The 7075 aerospace aluminum 
alloy is used for the support frame to reduce the weight of the ultrasonic welding module and increase 
the flexibility of the industrial ultrasonic welding robot. The support frame consists of column plates, 
amplitude rod thread plate, and quick-change device connection plate. Both ends of the two column 
plates are connected to the amplitude rod thread plate and the quick-change device connection plate 
with six bolts. The quick-change device connecting board is connected to the quick-change device 
tool side with four bolts. Integrated wiring terminals are available on the quick-change device to 
enable electrical connectivity between the two ends of the quick-change device. Electrical routes on 
the quick-change device are for the high-frequency AC drive cable of the transducer. The design of 
the overall amplitude rod and welding head rapid replacement mechanism is shown in Fig. 1, the 
actual object in Fig. 2, and the design of the support frame in Fig. 3.  
 

 
Fig. 1 The design of the rapid replacement mechanism 
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Fig. 2 The physical diagram of the rapid replacement mechanism 

 

 
Fig. 3 The design of the support frame 

3. Design of Amplitude Rod and Welding Head Rapid Replacement Mechanism 

During the process of ultrasonic welding, the welding head must not only transfer high-frequency 
mechanical vibrations to the workpiece to be welded[7], but also apply welding pressure to the surface 
of the workpiece to ensure the welding is conducted under pressure[8]. Hence, it becomes necessary 
to expose the ultrasonic welding head, amplitude rod, and support frame to a certain level of stress, 
making it imperative to perform a static analysis of these components to study their maximum stresses 
and deformations. For this purpose, the ANSYS finite element analysis software is employed to carry 
out static analyses. To simplify the analysis process, the model is simplified by removing the fastening 
terminals on the quick-exchange disk as well as the clamping auxiliary components. Considering the 
structural form of the support plate and the direction of force applied to the welding head, it is deduced 
that the two support plates mainly experienced compressive stress. Therefore, the six bolts that rigidly 
connect the two support plates to the threaded plate of the amplitude transformer and the fastening 
plate of the quick-exchange disk are simplified away. The threaded plate of the amplitude transformer 
connects to the amplitude rod through threading, and since this part sustains considerable force, it 
could not be simplified; within the ANSYS software, the contact type for this part is set as an M40 
threaded connection. Keeping in mind that the piezoelectric ceramic part is subject to lower stress 
levels, this part along with the transducer back cover is analyzed as a single entity for simplicity. In 
terms of material properties, the welding head, amplitude rod, and transducer back cover are assigned 
a material of #45 steel, and the support frame is assigned 7075 aerospace-grade aluminum alloy. 
Consequently, the welding head, amplitude rod, and transducer assembly are assigned #45 steel 
properties, and the entire support frame is assigned 7075 aluminum alloy properties, with the 
mechanical properties of both materials indicated in Table 1. 
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Table 1. Material mechanics performance table 

Material 
Density 

(kg/m3) 

Modulus of elasticity 

(MPa) 
Poisson-ratio 

yield strength 

(MPa) 

#45 steel 7810 209000 0.28 355 

7075 aluminum alloy 2810 71000 0.33 480 

 

The model is imported into the ANSYS for mesh division, and the meshed model is shown as in Fig. 
4. The ultrasonic welding module of the industrial robot primarily performs ultrasonic welding on 
plastic workpieces, with the applied welding pressure not exceeding 300N. Therefore, in the 
simulation process, a pressure of 300N is applied on the end face of the welding head. The tool side 
of the quick-exchange disk and the robot side of the quick-exchange disk are fixedly connected 
through a pneumatic device, hence, a fixed constraint is applied on the tool side of the quick-exchange 
disk. Upon completion of the static simulation, the primary observation is the maximum stress and 
maximum deformation of the components, with the stress distribution shown in Fig. 5 and the 
deformation distribution in Fig. 6. 

 

 
Fig. 4 The meshing diagram of the rapid replacement mechanism 

 

 
Fig. 5 The stress distribution of the rapid replacement mechanism 
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Fig. 6 The deformation distribution of the rapid replacement mechanism 

 

From Figs. 5 and 6, it can be observed that the maximum stress occurs at the fixed connection between 
the welding head and the amplitude rod, with the maximum von-Mises stress being 36.784 MPa. The 
material at this location is 45# steel, and the maximum stress is well below the material’s yield 
strength of 355 MPa. The maximum deformation occurs at the threaded connection between the 
amplitude rod and the connecting plate of the amplitude rod. This is due to the use of a thread 
connection and the fact that the ends of the amplitude rod connecting plate are fixed while the middle 
is suspended, leading to larger deformation in the middle position. This causes significant 
deformation at the threaded part of the amplitude rod, with a maximum deformation of 0.013 mm, 
which is negligible. The analysis indicates that the rapid replacement mechanism designed in this 
paper satisfies the stress and deformation requirements for the ultrasonic welding industrial robot, 
confirming its applicability in ultrasonic welding industrial robots. 

4. Robot Ultrasonic Welding Module Structure and Pneumatic System Design 

4.1 Robot Ultrasonic Welding Module Structure Design 

Existing research often utilizes pneumatic cylinders or mechanical arm joints to provide welding 
pressure, resulting in poor pressure control accuracy and inferior welding quality. Consequently, to 
address the issue of inadequate welding pressure control precision in ultrasonic welding industrial 
robots, this paper presents the structural design of a robot ultrasonic welding module utilizing servo 
motors, rod mechanisms, and weighing sensor. 

The robot ultrasonic welding module designed in this paper primarily consists of flange mounting 
plate, servo motor, helical push rod mechanism, push rod, stabilizing rod, weighing sensor, quick-
change device, support frame, transducer, amplitude rod, and welding head. The 3D design model is 
shown in Fig. 7. To reduce the total weight of the ultrasonic welding module, the connecting 
components are made from 7075 aluminum alloy, such as the robot end flange mounting plate, 
stabilizing rod, and support frame. The overall weight of the module does not exceed 12 kg, 
permitting its installation at the end of most industrial robots. The robot end flange mounting plate 
facilitates the attachment of the ultrasonic welding module to the end of an industrial robot. The servo 
motor used is a Delta servo motor (ECM-B3M-C20602RS1). The rotation of the servo motor’s 
spindle drives the movement of the helical push rod mechanism, translating into the reciprocal linear 
motion of the pushrod. In turn, the motion of the pushrod drives the welding head in a reciprocating 
motion, with a maximum travel distance of 100mm. During operation, the applied welding pressure 
to the workpiece is measured by a load sensor (range 0~300N, accuracy 0.1N). The ultrasonic 
transducer operates at a frequency of 20kHz with a power of 1500W. Due to the diverse shapes of 
the workpieces during production, the ultrasonic welding module needs the capability for rapid 
welding head replacement to meet the welding requirements of different workpieces, as shown in the 
physical model in Fig. 8. 
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Fig. 7 The three-dimensional drawing of robot ultrasonic welding module 

 

 
Fig. 8 The physical diagram of robot ultrasonic welding module 

 

This paper uses the CRP industrial robot (CRP-RH18-20-W) with a 20kg load and a maximum reach 
of 1730mm. The ultrasonic welding module designed in this paper is mounted onto the six-axis 
industrial robot’s end flange plate, resulting in the industrial robot for ultrasonic welding as shown in 
Fig. 9. The robot ultrasonic welding module for ultrasonic welding utilizes servo motors and weighing 
sensor to form a closed-loop control system, offering high welding pressure control capabilities. 

 

 
Fig. 9 The physical diagram of industrial robot for ultrasonic welding 
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4.2 Robot Ultrasonic Welding Module Pneumatic System Design 

The pneumatic design of the robot ultrasonic welding module mainly focuses on the clamping and 
releasing of the quick-change device, with the pneumatic system diagram shown in Fig. 10. The 
clamping cylinder of the quick-change device is a double-acting cylinder, and two-position five-way 
solenoid valves are used to control the clamping and releasing of the cylinder. The control signals of 
the solenoid valves are connected to the industrial robot’s control cabinet and can be jointly controlled 
by the PLC and the robot control cabinet. 

 

 
Fig. 10 The design diagram of ultrasonic welding module pneumatic system 

5. Summary 

For the demand for ultrasonic welding equipment for complex structures with multiple welding points 
and various products, it is necessary to integrate ultrasonic welding equipment with industrial robots. 
Therefore, this paper designs a type of robot ultrasonic welding module. In order to rapidly replace 
the welding head, a rapid-replacement mechanism for the amplitude rod and welding head are 
designed and subjected to statics simulation analysis. The results show that the structure’s maximum 
equivalent stress is 36.784MPa and the maximum deformation is 0.013mm. The rapid-replacement 
mechanism meets the needs of the industrial ultrasonic welding robot in terms of stress and 
deformation and can be applied in industrial ultrasonic welding robots. To achieve high-precision 
ultrasonic welding, the paper designs a robot ultrasonic welding module based on a servo motor, 
mainly composed of parts such as a flange mounting plate, servo motor, helical push rod mechanism, 
push rod, stabilizing rod, weighing sensor, quick-change device, support frame, transducer, amplitude 
rod, welding head. Also, the pneumatic system of the robot ultrasonic welding module is designed. 
The findings indicate that the amplitude rod and welding head rapid-replacement mechanism can 
quickly replace the welding head within 5 seconds. The structure design of the robot ultrasonic 
welding module is reasonable and reliable, with high welding pressure control capability. The module 
weighs less than 12 kg and can be incorporated into most industrial robots; the pneumatic system 
design of the ultrasonic welding module is reasonable, ensuring reliable separation and locking of the 
quick-change device. 
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