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In the dawn of 2025, industrial
manufacturing is at an exciting
crossroads.

Manufacturing is entering a thrilling new
chapter, where innovation and adaptability are
the driving forces. The convergence of
advanced automation, human-centric
technologies, and sustainable practices is
transforming production into a smarter,
greener, and more flexible industry.

From reshoring to Al collaboration, 2025
brings opportunities for manufacturers to
redefine their operations and lead with
purpose. This whitepaper explores the key

WHY DID WE WRITE THIS?

This ebook represents a collaboration between
Airline Hydraulics’ industry experts and trusted

partners, combining decades of experience and
cutting-edge insights.

Our goal is to explore the trends shaping the
future of industrial manufacturing, providing
actionable insights to help you stay ahead.
Whether you're navigating technological
advances, workforce evolution, or sustainability
challenges, this resource equips you with the
knowledge to make confident decisions and
lead in 2025 and beyond.

Get ready to embark on a journey that unveils
a future where machines and humans
collaborate seamlessly to redefine the
boundaries of productivity and innovation.
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Industry 5.0: Human-Centric
Manufacturing

2025 ushers in Industry
5.0—a more human-centric
evolution.

Industry 4.0 laid the foundation with
connectivity, data analytics, and loT-driven
systems. Now, 2025 brings the rise of
Industry 5.0, shifting the focus to a more
human-centered approach that blends
technology with workforce well-being and
sustainability.

Companies remain committed to leveraging
machine-to-machine communication and
data-driven insights to boost performance,
reduce waste, and optimize maintenance
schedules. The difference now is the focus
on workforce well-being, ergonomic design,
and sustainability.

Manufacturers will view personnel as vital
contributors rather than mere cost factors.
Production lines will be designed with
user-friendly interfaces, Al-assisted
decision-making, and collaborative robots that
will complement human skills.
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Employees will experience less physical
strain, clearer guidance, and intuitive
controls, leading to greater job satisfaction
and retention, which will strengthen a
company's competitive edge.

Environmental responsibility also plays a key
role in decision-making. Companies are
investing in energy-efficient equipment,
circular economy models, and sustainable
resource management practices. By
embracing both technological advancement
and human-centered design, businesses
position themselves as responsible
stewards of both their workforce and the
environment.

Industry 5.0 enhances the
digital backbone of Industry 4.0
with empathy, creativity, anc
ecological awareness.

The outcome is an industrial ecosystem
that values connectivity and optimization
without sacrificing human comfort or
environmental health. This integrated
approach produces resilient organizations
ready to thrive amid shifting regulations,
consumer expectations, and resource
limitations.

Which industrial approach aligns with your organizational goals?
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Industry 4.0

Focus on automation and
efficiency

Industry 5.0

Emphasis on human-centric
and sustainable practices

The transition to Industry 5.0 demands not
only technological advancements but also
a workforce adept at navigating these
changes. As collaborative Al, automation,
and advanced tools redefine manufacturing
roles, upskilling initiatives are essential to
prepare employees for increasingly
technical and strategic responsibilities.
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While machines can analyze
data in seconds, it's the
creativity and critical thinking
of skilled employees that unlock
true innovation in Industry 5.0.

Advancements in training tools are revolution-
izing how companies empower their work-
force, equipping employees with the skills they
need to thrive in a rapidly evolving industry.
Augmented reality (AR) and virtual reality (VR)
training systems are at the forefront of this
transformation. These immersive technologies
offer realistic, hands-on experiences without
the risks or costs of using physical equipment.

For instance, AR can display critical,
step-by-step instructions directly on machin-
ery, helping workers navigate complex proce-
dures with ease. VR, on the other hand, creates
safe virtual environments where employees
can practice troubleshooting or assembly
tasks. These tools not only accelerate skill
development for new employees but also
ensure experienced workers remain up-to-date,
fostering a culture of continuous learning and
adaptability.

Digital platforms and microlearning
modules are also transforming training
delivery. By offering bite-sized lessons
through cloud-based systems, companies
make it easier for employees to fit learn-
ing into their daily routines. This method
is particularly effective for mastering
automation programming, data analysis,
and Al-powered systems maintenance.
Collaborative robot (cobot) training
programs further align with Industry 5.0’s
human-centric approach, focusing on
teamwork between humans and
machines rather than replacement.

With these innovations, businesses are
not just training employees—they’re
empowering them to embrace change,
adapt to new technologies, and play a
strategic role in the future of manufactur-
ing. Investing in workforce development
offers a competitive advantage. Skilled
employees drive operational efficiency,
innovation, and reduced turnover rates.
Companies that prioritize upskilling
enhance their employer brand, attracting
top talent in a competitive labor market.

Merck utilized a safety-
focused microlearning
platform across 52
global manufacturing
sites in 2020

source

MICROLEARNING IN PRACTICE

Improved Safety
Culture

Decreased Recordable
Incidents

Reduced Lost Time
Injury Frequency Rates



https://www.forbes.com/councils/forbeshumanresourcescouncil/2020/03/19/microlearning-the-future-of-professional-development

Just as we saw in 2024, global supply chain
disruptions have led to increased interest in
reshoring and localized production. By
moving manufacturing closer to end con-
sumers, companies can reduce lead times,
increase flexibility, and mitigate risks asso-
ciated with long, complex supply chains.

Reshoring allows manufacturers to improve
responsiveness, better align production with
consumer demand, and reduce transporta-
tion costs. This trend helps manufacturers
respond more effectively to local market
demands, avoid global logistic bottlenecks,
and increase overall supply chain resilience.

Localized production
mitigates the impact of
potential global crises, such
as political instability or
natural disasters, ensuring
more stable operations.

Moreover, reshoring often enables compa-
nies to take advantage of local incentives,
create jobs, and contribute positively to the
local economy, further enhancing the value
of bringing production closer to home.

DID YOU KNOW?

Reshoring Efforts
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A substantial 93% of manufacturers
plan to accelerate reshoring efforts
within their supply chains over the next
two years.

source

We are also continuing to witness
companies that have never previously
offshored their operations investing heavily
in local equipment, sources of raw
materials, and technology. This investment
is not necessarily aimed at bringing their
production back from overseas, but rather
to ensure they can maintain their operations
locally and minimize the need to shift their
manufacturing activities overseas.

This approach with local investments not
only strengthens the resilience of the supply
chain but also supports local economies,
creating jobs and contributing to sustained
economic growth.
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https://www.manufacturing.net/operations/news/22883069/us-manufacturers-plan-to-increase-reshoring-to-get-better-value-more-security

L [

By lowering the barriers to
automation adoption,
manufacturers can scale their
operations more easily and explore
new markets. This increased
accessibility fosters innovation
across the industry, where even
smaller players can leverage
cutting-edge capabilities.

In 2025, automation will become even more acces-
sible, intuitive, and powerful than ever. Tools that
were once complex and time-consuming are now
designed with user-friendly interfaces and guided
setup processes.

Take robotics, which are no longer limited to spe-
cialized teams and are now paired with easy-to-use
vision systems that even operators with minimal
technical training can manage.
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A prime example of simplified automa-
tion is Omron’s Sysmac Studio platform.
This integrated development environment
combines logic control, safety, motion,
vision, robotics, and sensing into a single
software suite. Sysmac Studio offers:

Integrated functions for logic control,
motion, vision, robotics, and sensing.
Support for modular designs and
virtual simulations, reducing installa-
tion costs.

Enhanced data collection for scaling
predictive models effectively.

This comprehensive approach positions
manufacturers to seamlessly integrate
emerging technologies, staying competi-
tive in a rapidly evolving industrial
landscape.



https://info.airlinehyd.com/sysmac

Pre-2020

Complex, specialized systems
requiring extensive technical
expertise

2023-2025

Introduction of Al-driven
analytics, simplified setup
processes, and CAD repositories

EVOLUTION OF AUTOMATION TOOLS:
From Complexity to Intuition

—0
¢— 2020-2022
Gradual shift towards user-
friendly software and modular
| components

Fully intuitive interfaces, easy-to-
use collaborative robots, and
real-time Al-assisted decision-
making accessible to frontline
personnel

Software platforms are also simplifying the
deployment and upkeep of advanced auto-
mation. Al-driven analytics assist in predic-
tive maintenance, identifying potential
issues before they become costly failures.
Seamless connectivity between machines
and enterprise systems ensures smooth
data flow, enabling real-time performance
assessments and immediate corrective
action.

Digital repositories of CAD files and
standardized software libraries further
streamline customization. Instead of grap-
pling with intricate scripts or waiting for
proprietary support, engineers can swiftly
deploy the tools and configurations they
need.

The simpler, more accessible
automation landscape of 2025
empowers manufacturers to
focus on strategic growth
instead of the logistical
hurdles of technology
implementation.

The growing democratization of automation
not only streamlines production but also
levels the playing field, enabling businesses
of all sizes to innovate, compete, and thrive
in an increasingly technology-driven world.




Adaptive Manufacturing Systems and

In 2025 and beyond, the ability to
adapt quickly to shifting market
demands and production needs is
essential for staying competitive.
Adaptive manufacturing systems
provide unprecedented flexibility and
responsiveness by integrating modu-
lar equipment, Al-driven adjust-
ments, and real-time data to optimize
operations and reduce downtime.

Built on modular designs, adaptive
systems allow manufacturers to
reconfigure production lines quickly
to accommodate new product
designs. This minimizes changeover
time and enables seamless produc-
tion pivots. Combined with Al and loT
sensors, these systems monitor
production conditions in real-time,
dynamically adjusting parameters to
maintain efficiency and product
quality.

Hyper-Flexibility

The ctrIX CORE by Bosch Rexroth simplifies industrial
automation with its innovative, flexible, and compact
design. Known as the “smartphone of automation,” it
combines motion control, loT capabilities, and networking
into a modular system. Operating on a Linux-based,
app-driven architecture, ctrlX allows users to tailor its
functionality with apps from Bosch Rexroth or third-party
developers like SMC and Eaton. This makes it adaptable
for diverse applications while reducing complexity.

With its app-based structure, ctrlX ensures seamless
integration with motors, drives, and other devices, while
its advanced data layer security safeguards sensitive
information. The platform supports various programming
languages, encouraging collaboration between different
disciplines and fostering creative solutions. As a result,
ctriX is a versatile and secure choice for addressing
modern automation challenges with ease and efficiency.

10
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By embracing modularity,
manufacturers can stay
aqgile, reduce waste, ana
deliver customized
solutions.

A standout benefit of adaptive systems is
their support for mass customization.
Manufacturers can efficiently produce
highly personalized products to meet
growing consumer demand for tailored
solutions, all while maintaining competitive
production costs. This capability is critical
in today’s market, where customization
drives customer loyalty and
differentiation.

Adaptive manufacturing systems contribute
to sustainability goals by reducing waste and
improving material utilization. Optimized
production processes minimize overproduc-
tion, decreasing the environmental footprint.
These systems also facilitate smaller
production runs, lowering the risk of excess
inventory and obsolescence.

Advancements in adaptive manufacturing
will include predictive Al algorithms that
anticipate production changes and recom-
mend reconfigurations. Autonomous mobile
equipment and collaborative robotics will
further enhance flexibility, enabling manufac-
turers to adapt even faster to evolving
challenges.

Tesla’s Gigafactories
exemplify adaptive
manufacturing by
enabling and continuous-
ly reconfiguring modular
production lines. They
implement Al-driven
adjustments and utilize
loT sensors to monitor
processes and provide
real-time data. This
adaptability allowed
Tesla to rapidly scale its
battery production to
meet fluctuating market
demands while minimiz-
ing downtime and
waste—hallmarks of
adaptive manufacturing.

source

ADAPTIVE MANUFACTURING IN PRACTICE

Modular Design
Implementation

Al-Driven Production
Adjustments

Rapid Battery
Production Scaling

Vehicle Output
Maintenance

IoT Sensors Monitoring

Real-Time Data
Utilization
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https://www.mountbonnell.info/tesla-in-austin/the-role-of-teslas-austin-gigafactory-in-advancing-global-expansion-plans

Collaborative Al is
characterized by systems that
not only identify potential
Issues but also offer
actionable solutions.

Al tools will be increasingly integrated into a
wide range of processes, providing real-time
insights to augment human decision-making.
One of the most impactful areas of Al inte-
gration is in quality control, where advanced
image recognition systems work alongside
operators to detect defects or deviations far
more accurately than the human eye alone.
Al algorithms also assist in optimizing
production schedules, balancing workloads
across machines and personnel to maximize
productivity while reducing downtime.

SURVEY SAYS

As of October 2023,
74% of surveyed
manufacturers had
invested in or were
planning to invest in
machine learning.

source

66% of manufacturers
using Al in their daily
operations reported an
increasing reliance on
these technologies.
source
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Al-driven cobots (collaborative robots) are
another game-changer. Cobots equipped
with Al will adapt to new tasks with minimal
programming, responding dynamically to
their environments and learning from human
coworkers, offering a level of flexibility
beyond traditional robots. This flexibility
means they are quickly redeployed to assist
with different processes, proving particularly
valuable in environments with changing
production needs.

With Al as a partner,
manufacturers are gaining
unprecedented levels of
agility, quality, and cost
control.

At the forefront of this trend are fully integrat-
ed Al-driven automation systems. These
systems take collaboration further by
enabling machines to communicate seam-
lessly, autonomously detect bottlenecks, and
make real-time adjustments. Leveraging
historic data and intelligent sensors, they
identify inefficiencies, resolve issues dynami-
cally, and alert operators when human inter-
vention is needed.

Collaborative Al is also fostering greater
connectivity and decision-making capabili-
ties at every level of manufacturing.

It integrates seamlessly with other
systems—such as supply chain manage-
ment, maintenance scheduling, and work-
force planning—allowing for a holistic view of

operations.
X ‘;. g.


https://www.nam.org/wp-content/uploads/2024/05/NAM-AI-Whitepaper-2024-1.pdf
https://cloud.google.com/blog/products/ai-machine-learning/research-on-ai-trends-in-manufacturing

Sustainability in Manufacturing:
Green Technologies

Sustainable supply chain practices are also
being implemented, where manufacturers
partner with environmentally responsible sup-
pliers to ensure every part of their process
aligns with green standards. Moreover, advance-
ments in material science are allowing the use

Sustainable manufacturing is a growing
priority in 2025, with manufacturers
increasingly focusing on zero-waste
production, renewable energy adoption,
and circular economy principles. Regula-
tory pressures and consumer demand

are pushing companies towards greener
production methods. Manufacturers are
investing in energy-efficient equipment,
waste-reduction practices, and innova-
tive recycling programs to minimize their

environmental footprint.

of more sustainable raw materials, further
reducing the overall carbon impact. These
efforts are not only about compliance but are
becoming significant differentiators in the
marketplace, attracting consumers and busi-

ness partners who prioritize sustainability.

THE IMPORTANCE
OF SUSTAINABILITY

Economic Market Regulatory Brand Long-term
[  Benefits Demand Compliance Reputation Resilience |
S 7
 —— —— W
O > G S —
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| | 67% of Americans | | ] I
Y, believe sustainability ) \
should be the i "",}"ﬁ;‘?'l,'?e“‘a'
5 i I . .
standard for Compliance with Environmental, Social, Investing in

Sustainable practices
reduce costs, increase
efficiency, and
improve resource
utilization.

companies, with 44%
advocating for the
removal of
unsustainable options

from the market

- J

sustainability
standards can help
reduce fines and open
up new market
opportunities.

and Governance (ESG)
practices has the
largest impact on
brand trust

sustainability
enhances a company's
ability to weather
supply chain
disruptions.

source

source
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https://nypost.com/2024/07/03/lifestyle/sustainability-should-be-default-for-companies-most-americans-believe
https://www.hefjournal.org/index.php/HEF/article/view/222

With more connected
systems and increasing
reliance on digital platforms,
cybersecurity is becoming a
crucial concern in 2025,

Industrial operations are increasingly
exposed to risks like data breaches,
ransomware, and network attacks, which
can lead to significant disruptions in
production, financial loss, and damage to
a company's reputation.

Manufacturers will adopt robust
cybersecurity strategies, such as zero-trust
architectures, secure-by-design approach-
es, and advanced threat detection
systems, to protect their networks and
ensure operational continuity.

14

This includes deploying Al-driven monitor-

ing tools that can proactively detect anom-

alies, isolating affected systems to prevent

broader attacks, and ensuring that all devic-
es are securely patched.

Furthermore, companies are conducting
regular employee training programs to
minimize risks from phishing attacks and
social engineering, as human error remains
a major vulnerability. By integrating these
comprehensive cybersecurity measures,
manufacturers are better positioned to
safeguard their operations in the face of
increasingly sophisticated cyber threats.

DID YOU KNOW?

In 2023, manufacturing accounted for
25.7% of reported cyberattack
incidents globally, surpassing other
industries.

source
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A key trend in industrial automation is the
growing use of higher-level programming
languages such as Python, C#, and Node-RED.
These languages make automation systems
far more adaptable and easier to integrate
with IT ecosystems, often replacing older,
more rigid programming methods.

This change means engineers can develop
solutions faster, customize systems more
easily, and tap into the wealth of support
available from open-source communities.

By lowering the technical skill
requirements for automation,
these languages open the
door for a new generation of
engineers Wwho may not be
specialized in traditional
automation programming.

As aresult, manufacturers can save both
time and money, while building more
efficient and flexible automation systems.
This shift reduces barriers to entry, making it
easier for manufacturers to find the talent
they need. By embracing higher-level
programming languages, companies are
driving innovation in automation, enabling
manufacturers to develop smarter, more
adaptable solutions that seamlessly inte-
grate with modern IT systems.

Phoenix Contact exemplifies this
MATLAB . .
Simulink practice through its PLCnext

Technology, which includes
products like the AXC F 2152
controller. The AXC F 2152 can

Programming

.
H : .
PLChext Visual Studia Visual Studio MATLAB®
= Engineer Eclipse
L]
ad PLCnext

S Engineer Application with IO configuration

This flexibility means manufacturers can quickly create
customized solutions that fit their exact needs, without a lot of
extra hassle. By combining the reliability of traditional PLCs
with the adaptability of modern programming, PLCnext
Technology makes it easier to move from conventional
automation to a more connected, software-driven future.

be programmed using Python,

allowing manufacturers to easily
Configuration/  USe code from GitHub or applica-
Visslzsian tions from the PLCnext Store.

15
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https://blog.airlinehyd.com/4-questions-answered-about-plcnext

In 2025 we see the increasing desire for
more data from a single device, presented in
a simple and useful way. As automation
progresses, manufacturers are looking for
ways to gather comprehensive insights from
fewer devices, driving efficiency while reduc-
ing complexity. The trend emphasizes
having multi-functional sensors that can
provide detailed, actionable data without the
need for complex setups or multiple sensor
types. The benefits of this are significant.

By using fewer devices that
can collect multiple types of
data, manufacturers reduce
overall system complexity.

This leads to lower maintenance costs
because there are fewer individual compo-
nents to service or replace. The stream-
lined approach helps to minimize down-
time, ensuring that production lines run
more smoothly. Furthermore, the data
collected by these multi-functional sensors
is more integrated, which leads to richer
insights and more precise control over
manufacturing processes.

16

The K50Z sensor by Banner Engineering is
leading this trend by providing comprehensive
data collection, processing, and output in a
single device. Previously, users had to choose
between cost-effective single-point solutions
with limited data or expensive multidimensional
sensors that required programming.

The K50Z bridges this gap, offering advanced
functionality without the high costs or complexi-
ty. It's easy to use and makes 3D sensing
accessible, helping users make informed
decisions with better measurements—all from
one simple device. This innovation helps manu-
facturers gain insights and improve production
visibility without unnecessary complications.

Ultimately, the drive for more data from fewer
devices is about creating smarter, simpler, and
more effective manufacturing environments.
By combining multiple sensing capabilities in
one device, manufacturers can cut costs,
simplify operations, and gain a more compre-
hensive view of their production process-
es—all while making it easier to adapt to
changing needs and innovate in the future.

ok


https://www.bannerengineering.com/us/en/products/measurement-solutions/3d-time-of-flight/k50z-multipoint-sensor.html?sort=1&srsltid=AfmBOopNON4WPHkEljBrn1L3yKUVJsGN6RT1MeX2iAI7cueiK9ynoPPz#all
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In 2025, manufacturing is not just evolving—it
is redefining itself through advanced

° ° technologies, a focus on human-centric
innovation, and a deep commitment to

sustainability. The transition from Industry 4.0

75 YEARS OF INNOVATION ' to Industry 5.0 reflects a new balance where
data-driven optimization is enhanced by

Founded in 1949, Airline Hydraulics stands human creativity, empathy, and ecological

as a leading industrial technology provider, responsibility.

offering innovative products, engineered

systems, and unparalleled service and repair Empowered by simplified automation tools
Sl Oy Waigl e velus e e and collaborative Al, workers are stepping into

hands-on application engineers who visit
customers and draw expertise from a vast
network of industry experts. Whether you

more strategic and creative roles, fostering
job satisfaction and strengthening retention.

need hydraulics, pneumatics, or This synergy between people and technology
automation/controls, we have the creates an industry that values human
inventory—over $37 million strong— and 3S ingenuity alongside operational efficiency.

approach—specify, stock, and support— to
keep your operations running smoothly. With

S By embracing this transformation with agility
an ISO 9001:2015 certification and a broad

reach along the Eastern US, we're dedicated and Purpose, m.a.nufacturlers art?l npt only
to exceeding your expectations and solving staying competitive but also building a

your toughest challenges. Start your journey resilient and responsible industrial
with us at www.airlinehyd.com. future—one that aligns technology, people,

and the planet in harmony.

Let's build the future, together.

Discover how Airline Hydraulics can Connect with us today at
elevate your manufacturing operations customerservice@airlinehyd.com
and spark new growth. or visit our website at

www.airlinehyd.com.
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