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Abstract

This paper explores the current applications, challenges, and future development trends of intelligent
production technology in the silicone rubber processing industry. By analyzing the practical
applications of intelligent production technology in silicone rubber processing, such as the application
status of automated production lines and intelligent inspection systems, this paper discusses the
technical difficulties encountered in implementing intelligent production, such as equipment
compatibility and data integration issues. It also analyzes how intelligent production can improve
production efficiency, product quality, and market competitiveness in the silicone rubber industry and
proposes strategies and suggestions for promoting intelligent production in this field.
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1. Introduction digital transformation of the manufacturing
industry, emphasizing the interconnection and
intelligent management of equipment through
the Internet of Things (IoT), big data, and cloud
computing technologies. For the silicone rubber
industry, this trend means that companies need
to introduce more intelligent technologies to
meet the market's demand for high-quality,
customized products, optimize production
planning and resource allocation, and enhance
market responsiveness. For example, by
introducing automated production lines and
intelligent inspection systems, companies can
achieve automation and intelligence in the

Intelligent production, as the core of Industry
4.0, optimizes and controls the production
process through highly automated,
informatized, and intelligent means,
significantly improving production efficiency,
product quality, and corporate competitiveness.
Against the backdrop of intensified global
manufacturing competition, the importance of
intelligent production is increasingly prominent,
becoming a key factor for corporate
transformation and upgrading.

The global trend of Industry 4.0 is driving the
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manual
production

production  process, reducing
intervention and  improving
efficiency and product quality.

Despite the numerous opportunities brought by
intelligent production, its application in the
silicone rubber industry also faces challenges,
such as equipment compatibility, data
integration, and the demand for professional
talent. For instance, many traditional production
equipment may not be seamlessly integrated
with new intelligent systems, requiring
technological transformation or replacement.

In summary, the application of intelligent
production in the silicone rubber industry has
significant strategic importance. It can not only
help companies improve production efficiency,
product quality, and market competitiveness but

also promote technological progress and
sustainable development in the entire industry.
Although there are some technical and

managerial challenges, with the continuous
advancement of technology and a deeper
understanding of intelligent production by
companies, intelligent  production  will
undoubtedly play an increasingly important role
in the silicone rubber industry.

2. Applications of Intelligent Production in
Silicone Rubber Processing

2.1 Current Status of Intelligent Production
Technology Application
The application of intelligent production

technology in the silicone rubber processing
industry is gradually deepening and becoming a
key force in driving industry development. With
the advancement of Industry 4.0, more and more
companies are beginning to introduce
technologies such as automated production
lines, intelligent inspection systems, the Internet
of Things (IoT), big data analytics, artificial
intelligence (AI), and machine learning to
improve production efficiency, product quality,
and market competitiveness. (Kong, H. J., & Lee,
S. H., 2023)

2.2 Application of Automated Production Lines in
Silicone Rubber Processing

The application of automated production lines
in silicone rubber processing has become an
inevitable trend for industry development.
Traditional silicone rubber processing relies
heavily on manual operations, which are not
only inefficient but also fail to ensure consistent
product quality. Automated production lines
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integrate  advanced  robotic  technology,
automated conveying systems, and automated
control systems to achieve full automation from
raw material feeding to finished product
packaging. For example, some companies have
adopted automated mixing systems that can
precisely control the proportion of raw materials
and mixing time, ensuring the stability of
product quality. Automated forming equipment,
through precise temperature and pressure
control, improves forming efficiency and
product pass rate.

2.3 Implementation and Advantages of Intelligent
Inspection Systems

Intelligent inspection systems are an important
part of intelligent production. By introducing
advanced sensor technology, image recognition
technology, and data analysis algorithms, they
achieve real-time monitoring and automatic
inspection of the production process and
product quality. In silicone rubber processing,
intelligent inspection systems can monitor in
real-time the quality of
temperature and pressure parameters during
the production process, and the dimensions and
appearance defects of products. For example,
high-precision vision inspection systems can
automatically detect surface defects of silicone
rubber products, such as cracks, bubbles, and
color inconsistencies, ensuring the appearance
quality of products.

raw materials,

2.4 Case Analysis of Companies Successfully
Integrating Intelligent Technologies

Many leading silicone rubber processing
companies have  successfully  integrated

intelligent technologies and achieved significant
economic and social benefits. For example,
Germany’s Wacker Chemie has achieved
comprehensive intelligent production through
the introduction of automated production lines
and intelligent inspection systems. The company
uses advanced robotic technology for raw
material handling and forming operations in
silicone  rubber production, significantly
improving production efficiency. At the same
time, through intelligent inspection systems, it
achieves real-time monitoring of product
quality, ensuring high quality and consistency of
products. The success of Wacker Chemie
demonstrates that intelligent technology can not
only improve production efficiency but also
enhance corporate market competitiveness.

In China, Shenzhen Xiongyu Rubber and



Hardware Products Co., Ltd. (hereinafter
referred to as “Xiongyu Company”) has also
achieved significant results through intelligent
production technology. Xiongyu Company has
achieved automation and intelligence in the
production process by introducing automated
production lines and intelligent inspection
systems. The company uses advanced robotic
technology for the forming and packaging of
silicone  rubber  products,  significantly
improving production efficiency.

3. Technical Challenges Faced by Intelligent
Production

3.1 Equipment Compatibility Issues

The application of intelligent production in the
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silicone rubber processing industry faces
significant challenges in equipment
compatibility. Many silicone rubber processing
companies own production equipment from
different eras and brands, which have significant
differences in technical standards,
communication protocols, and data formats. For
example, some old equipment may only support
the RS232 interface, while new intelligent
systems generally use the Ethernet interface,
resulting in communication barriers between
equipment. In addition, the data formats of
different equipment are also inconsistent, such
as CSV, JSON, and XML, further increasing the
complexity of integration. (Patel, A., & Kumar,
R., 2022)

Table 1. Examples of Equipment Compatibility Issues

Equipment Type Brand Year | Communication Interface Data Format
Mixer Buss AG 2005 | RS232 Ccsv

Molding Machine Buss AG 2010 | Ethernet JSON
Inspection Equipment Mahr 2015 | USB XML

The diversity and complexity of these *  System Integration Complexity:

equipment make it necessary for companies to
solve compatibility issues between equipment
when implementing intelligent production. For
example, the mixer from Buss AG uses an RS232
interface, while the new intelligent system may
only support the Ethernet interface, requiring
interface conversion or equipment upgrades.

3.2 Integration Challenges of New Intelligent
Systems with Existing Machinery

Newly introduced intelligent systems, such as
automated  production intelligent
inspection systems, and IoT devices, need to be
seamlessly integrated with existing machinery.

lines,

However, due to inconsistent technical
standards and communication protocols, this
integration often faces many technical
difficulties.

. Technical Standard Differences: New and

old equipment may follow different
technical standards, resulting in
inconsistent data formats and

communication protocols.
*  Equipment Aging Issues: Old equipment
may not support new intelligent functions

and may require technical upgrades or
replacements.
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Integration between different equipment
needs to address data synchronization,
real-time monitoring, and remote control

issues.
3.3 Solutions for Seamless Integration and
Interoperability
To solve equipment compatibility and

integration issues, companies can adopt the
following strategies:

* Standardized Communication Protocols:
Adopting  universal communication
protocols, such as OPC UA (Open Platform
Communications Unified Architecture),
ensures seamless data transmission
between different equipment. OPC UA is a
cross-platform industrial communication
protocol that supports various data types

and equipment, effectively solving
equipment compatibility issues.
m  Case: Germanys Wacker Chemie

successfully achieved data interaction
between equipment of different brands
and eras by adopting the OPC UA

protocol,  significantly  improving
production efficiency and equipment
utilization.




*  Equipment
Refurbishments:

Upgrades and

Upgrading old
equipment by  installing  modern
communication interfaces and data
acquisition =~ modules. For example,
installing Ethernet interfaces and data
conversion modules on old mixers to
enable data interaction with new intelligent
systems.

m  Case: Shenzhen Xiongyu Rubber and
Hardware Products Co,, Ltd.
successfully upgraded its equipment
to intelligent levels by installing
Ethernet  interfaces  and data
conversion modules on old equipment,
improving production efficiency and
product quality.

* Middleware and Data Conversion
Platforms: Using middleware and data
conversion platforms to standardize and
convert data formats from different
equipment. For example, using industrial
IoT  platforms (such as  Siemens
MindSphere or GE Predix) to standardize
data from different equipment and achieve
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interoperability.

m  Case: BMW Manufacturing Company
successfully —achieved coordinated
work between equipment by adopting
the Siemens MindSphere platform,
significantly improving production
efficiency and equipment utilization.

Cloud Platform Integration: Uploading

equipment data to the cloud platform for

data processing and analysis. Cloud
platforms can provide powerful data
processing  capabilities and  flexible

integration solutions, helping companies
achieve seamless integration between
equipment. For example, through Alibaba
Cloud IoT platform, companies can
centrally manage and analyze data from
different equipment, achieving coordinated
work between equipment.

m  Case: Foxconn Technology Group
successfully —achieved coordinated
work between equipment by adopting
the Alibaba Cloud IoT platform,
significantly improving production
efficiency and equipment utilization.

Table 2. Comparison of Equipment Integration Solutions

Solution Advantages Disadvantages Applicable Scenarios

Standardized High compatibility, easy | Requires equipment | New construction or

Communication to expand support large-scale upgrade

Protocols projects

Equipment Upgrades | Enhances equipment | High cost, complex | Old equipment

and Refurbishments performance,  extends | technology refurbishment projects
service life

Middleware and Data | Flexible, suitable for | Requires Complex  equipment

Conversion Platforms various equipment professional integration projects

technicians
Cloud Platform | Powerful data processing | Requires stable | Large enterprises or
Integration capabilities, easy to | network connection | group projects

manage

By adopting the above solutions, companies can
effectively solve equipment compatibility and

integration  issues,

achieving

seamless

integration and interoperability of intelligent
production systems. This not only improves
production efficiency and product quality but
also brings significant economic benefits to

companies.

4. Challenges Faced by Intelligent Production
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in Silicone Rubber Processing

4.1 Technical Challenges

4.1.1 Technical Integration and Compatibility

Issues

Intelligent production involves the integration of
multiple advanced technologies, such as the
Industrial Internet of Things (IloT), big data
analytics, and automated equipment. However,
integrating these technologies is not easy. For




example, the Industrial Internet of Things
requires seamless Integrate with automated
equipment to achieve intelligent monitoring and
optimization of the production process. In
practice, different brands and models of
automated equipment often wuse different
communication  protocols, making  data
transmission and equipment coordination
extremely complex.

According to an industry survey, approximately
75% of companies encounter communication

Journal of Progress in Engineering and Physical Science

protocol  inconsistencies  during  technical
integration, resulting in equipment being unable
to communicate effectively. For example, a
silicone rubber processing company found that
the communication protocol of its automated
injection molding machine was incompatible
with the IoT platform when introducing an
Industrial Internet of Things system. This led to
the inability to transmit production data in
real-time and a 20% decrease in production
efficiency.

Table 3. Frequency and Impact of Technical Integration Issues

Issue Type Occurrence Impact
Frequency
Communication Protocol | 75% 20% reduction in production efficiency
Inconsistency
Data Format Mismatch 60% 30% increase in data analysis error rate
System Compatibility Issues 50% 40% increase in equipment coordination
failure rate

Technical integration failures not only lead to
production interruptions but can also cause
quality issues. When equipment coordination
fails, the various stages of the production
process cannot be smoothly connected, leading
to increased product defect rates. For example,
during the molding process of silicone rubber
products, if there is a lack of effective data
interaction between the automated molding
equipment and the upstream mixing equipment,
it may result in unreasonable settings for
molding temperature, pressure, and other
parameters, thereby affecting the performance
and quality of the products.

4.1.2 Data Security and Privacy Protection

In the process of intelligent production, silicone

rubber processing companies need to handle a
large amount of production data, including
equipment operation data, raw material
information, product quality data, and customer
order information. These data not only involve
the company’s core trade secrets but may also
contain customer privacy information. Once
data is leaked, it can not only damage the
company’s commercial interests but also lead to
legal disputes and customer trust crises.

According to industry reports, approximately
80% of companies face data security risks during
intelligent production. The potential losses from
data leakage include: (Kong, H. J., & Lee, S. H.,
2023)

Table 4. Data Security Risks and Potential Losses

Risk Type Probability of Occurrence | Potential Loss

Data Breach 30% Average loss of approximately 5 million yuan
Cyber-attacks 25% Average loss of approximately 3 million yuan
Internal Misoperations | 20% Average loss of approximately 2 million yuan

The importance of data security protection
measures is self-evident, but their
implementation is challenging. Companies need
to invest a large amount of funds in
cybersecurity equipment, data encryption
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technology, and access control systems. For
example, companies need to deploy firewalls,
intrusion  detection systems, other
cybersecurity equipment to prevent external
hacker attacks. At the same time, data needs to

and




be encrypted during storage and transmission to
ensure its security at all stages. However, the
implementation of these measures requires
professional technical personnel and a sound
management process, which is a significant
challenge for many silicone rubber processing
companies.

4.2 Management Challenges

421 Production Process Reengineering and
Organizational Change

Intelligent production poses new requirements
for the production processes and organizational
structure of silicone rubber processing
companies. Traditional production processes are
often linear and fixed, while intelligent
production requires a more flexible and efficient
modular production model. For example, in
traditional silicone rubber product
manufacturing, each stage from raw material
procurement to product molding has fixed
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positions and operating procedures. Intelligent
production, through automated equipment and
the Industrial Internet of Things, achieves
automation and intelligent monitoring of the
production process, making the production
process more flexible and efficient.

According to an industry survey, approximately
65% of companies encounter resistance during
the reengineering of production processes,
mainly manifested as employee resistance to
new  technologies and  difficulties in
coordination  between  departments.  For
example, Luxshare Precision Industry Co., Ltd.
experienced a 15% decrease in production
efficiency when implementing intelligent
production due to employees’ unfamiliarity with
new technologies. It took several months of
training and adjustment to return to normal.
(Zhang, L., & Li, M., 2023)

Table 5. Resistance Types and Their Impact on Production Process Reengineering

Resistance Type Occurrence Impact
Frequency
Employee Resistance 65% 15%  reduction in  production
efficiency
Departmental Coordination | 55% 30% increase in project delay rate
Difficulties
Management Concept Shift 40% 20% reduction in change success rate

At the same time, intelligent production also

prompts  companies to change their
organizational structure. Traditional
organizational structures are usually
hierarchical, ~with slow  decision-making

processes. Intelligent production requires rapid
response to market changes, necessitating a
flatter organizational structure with fewer
management levels and higher decision-making
efficiency. However, such organizational
changes may cause employee anxiety and
resistance, affecting the stable development of
the company.

4.2.2 Corporate Culture Adaptability Issues

Traditional silicone rubber processing corporate

culture often emphasizes production efficiency
and cost control, focusing on employee
execution and discipline. In contrast, the concept
of intelligent production places greater
emphasis on innovation, flexibility, and
employee participation. This cultural conflict
can lead to employee resistance to intelligent
transformation, affecting the smooth progress of
the transition.

According to an industry survey, approximately
70% of companies face cultural conflicts during
intelligent  transformation. ~ This  cultural
difference makes employees feel uncomfortable
and resistant when facing intelligent
transformation.

Table 6. Cultural Conflict Types and Their Impact on Intelligent Transformation

Occurrence
Frequency

Conflict Type

Impact
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Lack of Innovation | 70% 30% reduction in employee participation

Awareness

Lack of Flexibility 60% Slow improvement in production efficiency

Employee Resistance 50% 25% reduction in transformation success
rate

Companies need to shape a corporate culture
that adapts to intelligent production to promote
transformation. For example, companies can
stimulate employee enthusiasm and creativity

by conducting innovation competitions,
establishing employee innovation reward
mechanisms, and strengthening internal

communication. At the same time, companies
also need to strengthen employee training and
education to improve their understanding of
intelligent production and help employees
establish correct values and work attitudes.

In summary, the challenges faced by intelligent
production in the silicone rubber processing
industry are multifaceted, involving technology,
talent, and management. Companies need to
take effective measures in technical integration,
data security, production process reengineering,
and corporate culture to address these
challenges and successfully achieve intelligent
transformation.

5. Strategies and Suggestions for Addressing
Challenges

5.1 Technical Strategies
Research and Development and Collaboration

In intelligent production, research and
development is the core driving force for
corporate progress. According to industry
surveys, approximately 80% of silicone rubber
processing companies face technical difficulties
during intelligent transformation, mainly in
high-precision equipment integration and data
processing. Companies should increase research
and development investment and establish close
cooperation with universities and research

institutions to jointly overcome technical
difficulties. Through
industry-university-research cooperation,

companies can leverage external professional
knowledge and technical strength to accelerate
technological breakthroughs. For example,
Germany’s Wacker Chemie collaborated with a
university’s materials science college to jointly
develop high-precision molding technology for
silicone  rubber  products,  successfully
developing a new automated molding system.
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This system not only improved production
efficiency but also significantly enhanced
product quality, greatly enhancing the
company’s market competitiveness.

At the same time, companies should actively
participate in the activities of industry
associations and standardization organizations
to promote the formulation and improvement of
relevant standards. Currently, the
communication protocols of Industrial Internet
of Things devices have not been completely
unified, resulting in obstacles to interconnection
and  interoperability =~ between  devices.
Companies should participate standard
setting to ensure compatibility and integration
between different technologies. In addition,
companies need to strengthen data security
management, establish data encryption systems,
and formulate strict data security management
systems. According to industry reports,
approximately 70% of companies face data
security risks during intelligent production.
Through data encryption and strict access
control, companies can effectively reduce the
risk of data leakage and ensure the sustainable
development of intelligent production.

5.2 Talent Strategies

in

Talent Development and Recruitment

Industry surveys show that approximately 75%
of companies face talent shortages during
intelligent transformation. Companies should
collaborate with educational institutions to
jointly design intelligent production talent
development  programs, enhancing the
intelligent  production skills of existing
employees through internal training and online
learning. For example, Germany’s Wacker
Chemie collaborated with RWTH Aachen
University to offer a specialized course in
“Intelligent  Silicone  Rubber  Processing
Technology,” cultivating technical talent for the
company. At the same time, companies should

optimize their compensation and benefits
systems, providing attractive career
development opportunities to attract

high-quality intelligent production talent. For




example, Wacker Chemie established a special
research fund to support employee innovation
projects, offering generous rewards based on
project outcomes. This talent
recruitment mechanism not only attracted a
large number of outstanding talents to join the
company but also motivated employees’
enthusiasm and creativity, providing strong
support for the company’s technological
innovation and intelligent transformation. (Patel,
A., & Kumar, R., 2022)

5.3 Management Strategies

innovative

Production Process and

Organizational Change

Reengineering
Before investing in intelligent production,
companies should develop detailed plans and
budgets, inviting professional consulting firms
to conduct feasibility assessments, including
market demand, technological maturity, and
return on investment. Through comprehensive
evaluation, companies can better grasp the
direction of investment and avoid the risks
associated with blind investment.

In addition, companies should establish risk
warning mechanisms to timely detect and
respond to potential risks, ensuring the smooth
implementation of investment projects.

Furthermore, companies should establish a
benefit assessment index system from
dimensions such as production efficiency,
product quality, cost control, and market
competitiveness, regularly collecting and
analyzing data to accurately measure the actual
effects of intelligent production projects. For
example, a company improved production
efficiency by 25%, increased product quality
pass rate by 15%, reduced production costs by
10%, and significantly enhanced market
competitiveness through intelligent production.
This scientific benefit assessment system not
only helps companies understand the
implementation effects of intelligent production
projects but also provides a basis for companies
to further optimize production processes and
management decisions. (Zhang, L., & Li, M.,
2023)

5.4 Cost and Benefit Strategies

Investment Planning and Benefit Assessment
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Before investing in intelligent production,
companies should develop detailed plans and
budgets, inviting professional consulting firms
to conduct feasibility assessments, including
market demand, technological maturity, and
return on investment. Through comprehensive
evaluation, companies can better grasp the
direction of investment and avoid the risks

associated with blind investment.

In addition, companies should establish a
benefit assessment index system from
dimensions such as production efficiency,
product quality, cost control, and market
competitiveness, regularly collecting and
analyzing data to accurately measure the actual
effects of intelligent production projects. For
example, a company improved production
efficiency by 25%, increased product quality
pass rate by 15%, reduced production costs by
10%, and significantly enhanced market
competitiveness through intelligent production.
This scientific benefit assessment system not
only helps companies understand the
implementation effects of intelligent production
projects but also provides a basis for companies
to further optimize production processes and
management decisions.

6. Conclusion

6.1 Advantages and Challenges of Intelligent
Production in Silicone Rubber Processing

6.1.1 Advantages of Application

The application of intelligent production in the
silicone rubber processing industry has shown
significant advantages. By introducing advanced
automated equipment, the Industrial Internet of

Things, big data analytics, and other
technologies, companies have not only
improved production efficiency but also

significantly enhanced product quality and
market ~ competitiveness.  For  example,
Germany’s ~ Wacker =~ Chemie  improved
production efficiency by 25%, increased product
quality pass rate by 15%, and reduced
production costs by 10% after implementing
intelligent transformation. These data fully
demonstrate the great potential of intelligent
production in enhancing corporate
competitiveness.

Table 7. Comparison of Key Indicators Before and After Intelligent Transformation

Indicator Type

Before Transformation

After Transformation Improvement
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Production Efficiency 100% 125% +25%
Product Quality Pass Rate 85% 100% +15%
Production Costs 100% 90% -10%

6.1.2 Challenges Faced

Despite the numerous advantages brought by
intelligent production, it also faces many
challenges. On the technical side, the purchase
and maintenance costs of high-precision
equipment are high, technical integration and
compatibility issues are prominent, and data
security and privacy protection are difficult. For

Industrial Internet of Things devices have not
been completely unified, resulting in obstacles to
interconnection and interoperability between
devices. According to industry surveys,
approximately 70% of companies encounter
communication protocol inconsistencies during
technical integration, resulting in a 20% decrease
in production efficiency.

example, the communication protocols of
Table 8. Frequency and Impact of Technical Challenges
Challenge Type Occurrence Impact
Frequency
Communication Protocol | 70% 20% reduction in production efficiency
Inconsistency
Data Format Mismatch 60% 30% increase in data analysis error rate
System Compatibility Issues 50% 40% increase in equipment coordination
failure rate

On the talent side, there is a shortage of
compound talents who understand both rubber
processing and information technology, and it is
difficult to cultivate and recruit such talents.
According to industry surveys, approximately
75% of companies face talent shortages during
intelligent transformation. On the management
side, there is resistance to production process
reengineering and organizational change, and
the adaptability of corporate culture needs to be
addressed. On the cost and benefit side, the
initial investment pressure is high, and benefit
assessment and measurement are difficult.

6.2 Future Development Trends
6.2.1 Predicting Future Directions

Looking ahead, the application of intelligent
production in the silicone rubber processing
industry will develop towards a higher degree
of integration of automation, intelligence, and
green  development. With  continuous
technological progress, automated equipment
will become smarter and capable of performing
more complex production tasks. For example,
future automated injection molding machines
have self-diagnosis self-repair
functions, capable of real-time adjustment of

will and
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production parameters to ensure the stability of
product quality. Intelligent production will be
deeply integrated with big data analytics and
artificial intelligence, achieving full automation
and intelligent monitoring of the production
process.

6.2.2 Green Development

At the same time, green development will
become a key focus in the future, with
companies paying more attention to energy
conservation, emission reduction, and resource

recycling to meet increasingly stringent
environmental requirements. According to
industry reports, approximately 80% of

companies will prioritize green development
during intelligent reducing
energy consumption and waste emissions by

transformation,

adopting  energy-saving  equipment and

optimizing production processes.
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