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In the contemporary industrial landscape, the paradigm of maintenance has shifted from a reactive 'break-fix'
mentality to a proactive, integrated strategy known as Total Productive Maintenance (TPM). At the heart of this
transformation lies Autonomous Maintenance (AM), or Jishu Hozen. Autonomous Maintenance empowers
machine operators to take ownership of their equipment, moving beyond simple operation to include routine
inspection, lubrication, and basic repairs. This strategic shift does not merely reduce the workload of specialized
maintenance departments; it fosters a culture of continuous improvement, significantly boosts Overall Equipment
Effectiveness (OEE), and serves as a foundational pillar for Lean and Six Sigma methodologies.

The Theoretical Framework of Total Productive Maintenance (TPM)

To understand Autonomous Maintenance, one must first grasp the broader framework of TPM. Developed in Japan
during the 1970s, TPM is a holistic approach to equipment maintenance that strives to achieve 'perfect production.’
This is characterized by zero breakdowns, zero slow-runs, zero defects, and zero accidents. TPM is built upon eight
pillars, each targeting specific areas of operational stability:

* Autonomous Maintenance (Jishu Hozen): Placing responsibility for routine maintenance in the hands of
operators.

¢ Planned Maintenance: Scheduled maintenance activities based on predicted or measured failure rates.

¢ Quality Maintenance (Hinshitsu Hozen): Integrating quality check features into the equipment to achieve zero
defects.

¢ Focused Improvement (Kobetsu Kaizen): Utilizing cross-functional teams to eliminate recurring losses.

e Early Equipment Management: Incorporating maintenance experience into the design of new equipment.

¢ Education and Training: Closing the skill gaps for both operators and maintenance technicians.
Health, Safety, and Environment: Ensuring a hazard-free working environment.
e TPM in Administration: Applying TPM principles to administrative and support functions to eliminate waste.

Autonomous Maintenance is often considered the most critical pillar because it directly addresses the 'hidden’
losses that occur on the shop floor daily. By training operators to identify early signs of deterioration, organizations
can prevent minor issues from escalating into catastrophic failures.

The Seven Steps of Autonomous Maintenance Implementation

The transition to an Autonomous Maintenance regime is not instantaneous. It requires a structured, seven-step
pedagogical approach to transform the workforce and the equipment. Each step is designed to build the operator's
technical competence and the machine's reliability.

Step 1: Initial Cleaning and Inspection

The mantra of Step 1 is "Cleaning is Inspection.” In this phase, operators perform a deep clean of the equipment.
The goal is not aesthetic; rather, it is to expose hidden defects such as leaks, cracks, loose bolts, or excessive wear
that were previously obscured by dirt and grease. During this process, operators tag abnormalities (often using



'Fuguai’ tags) to be addressed by the maintenance team or the operators themselves as their skills grow.

Step 2: Elimination of Contamination Sources and Hard-to-Reach Areas

Once the machine is clean, the focus shifts to keeping it that way. Operators and engineers collaborate to identify
the Sources of Contamination (SOC)—such as dust, oil leaks, or metal shavings—and eliminate them at the
source. Simultaneously, they address Hard-to-Access (HTA)areas. If a lubrication point is difficult to reach, it is
likely to be neglected. Engineering solutions, such as extending lubrication lines or installing transparent covers,
are implemented to simplify future maintenance tasks.

Step 3: Development of Tentative Cleaning and Lubrication Standards

In this stage, the knowledge gained from Steps 1 and 2 is codified. Operators develop their own standards for
cleaning, lubrication, and tightening. These standards must be specific: what to check, how to check it, what tools
to use, and how long the task should take. These are 'tentative' because they are subject to continuous refinement
as the operator becomes more proficient.

Step 4: General Inspection Training

This is a pivotal technical phase where operators receive formal training on the mechanical and functional aspects
of their equipment. Training modules typically cover:

* Nut and Bolt tightening: Proper torque values and locking mechanisms.

« Lubrication systems: Types of lubricants, viscosity, and application methods.

¢ Hydraulics and Pneumatics: Understanding fluid power cycles and pressure gauges.
« Drive systems: Belts, chains, and gears.

Electrical systems: Basic sensors and wiring integrity.

Post-training, operators perform a 'General Inspection' of the machine to ensure every component is functioning
according to its design specification.

Step 5: Autonomous Inspection

In Step 5, the tentative standards from Step 3 and the technical knowledge from Step 4 are merged into a
comprehensive Autonomous Maintenance Standard. Operators now perform systematic inspections using visual
management techniques (such as color-coding and limit marks on gauges) to ensure that equipment conditions are
maintained at peak levels efficiently.

Step 6: Standardization and Workplace Organization (5S)

This step broadens the scope from the individual machine to the entire workspace. It involves the full integration of
5S (Sort, Set in order, Shine, Standardize, Sustain). Standard Operating Procedures (SOPs) are finalized, and
visual control systems are implemented across the shop floor to ensure that any deviation from the norm is
immediately visible to anyone walking by.

Step 7: Full Autonomous Management

The final stage represents a state of total ownership. Operators are no longer just following checklists; they are
analyzing data, identifying trends in equipment performance, and initiating Kaizen(continuous improvement)
projects independently. At this level, the operator is a 'micro-manager' of their machine, capable of performing
advanced troubleshooting and minor repairs without supervision.

Technical Analysis: OEE and the Six Big Losses

The primary metric for evaluating the success of Autonomous Maintenance is Overall Equipment Effectiveness



(OEE). OEE provides a quantitative measure of how well a manufacturing operation is utilized compared to its full
potential.

The mathematical formula for OEE is:
OEE = Availahility x Performance x Quality

1. Availability

Availability accounts for Down Time Loss. It is calculated as the ratio of Operating Time to Planned Production
Time. AM improves availability by reducing unplanned breakdowns and shortening setup/adjustment times.

2. Performance

Performance accounts for Speed Loss. It compares the actual output to what the machine is capable of producing
at its rated speed. AM ensures machines run at optimal speeds by preventing minor stoppages and idling due to
sensor malfunctions or debris.

3. Quality
Quality accounts for Defect Loss. It is the ratio of Good Units produced to the Total Units started. By maintaining
equipment in its 'base condition," AM prevents mechanical wear that leads to product defects or scrap.



Loss Category Specific Loss Type AM Contribution to Mitigation

Down Time Equipment Failure Early detection of wear; regular
lubrication.
Down Time Setup and Adjustments Standardized tooling and 5S

organization.

Speed Loss Idling and Minor Stoppages Immediate operator intervention and
cleaning.

Speed Loss Reduced Speed Restoring machine to design
specifications.

Defect Loss Process Defects Ensuring precision through regular
calibration.

Defect Loss Reduced Yield Optimized startup procedures.

The Synergy: Lean, Six Sigma, and TPM Integration

While TPM focuses on equipment health, Lean Manufacturing focuses on waste (Muda) reduction, and Six Sigma
focuses on reducing process variation. Integration of these three methodologies creates a powerful engine for
operational excellence.

The Axiomatic Design for Lean Autonomous Maintenance

Using Axiomatic Designprinciples, a maintenance system can be structured to minimize complexity. The two
fundamental axioms—the Independence Axiom and the Information Axiom—suggest that a robust AM system
should decouple maintenance tasks so that one action (e.g., cleaning) does not negatively interfere with another
(e.g., sensor calibration). This ensures that operator-led maintenance is both simple and reliable.

Lean Integration

Lean tools like Value Stream Mapping (VSM) can identify where equipment downtime is choking the flow of
production. AM acts as the corrective measure to ensure 'Flow' is maintained. By applying Poka-Yoke(error-
proofing) during AM Step 2, operators can design hardware changes that make it impossible to assemble parts
incorrectly during routine maintenance.

Six Sigma Integration

Six Sigma provides the statistical rigor to solve complex equipment issues that AM cannot solve through simple
inspection. The DMAIC (Define, Measure, Analyze, Improve, Control) cycle can be applied to persistent
breakdowns. For instance, if an operator identifies a recurring vibration issue in Step 1 of AM, a Six Sigma Green
Belt might use Design of Experiments (DOE)to determine the root cause, such as harmonic resonance at
specific RPMs, and then update the AM standard to include specific frequency checks.

Practical Implementation: A Field Guide for Leaders

Transitioning to Autonomous Maintenance requires more than a technical checklist; it requires a cultural
transformation. Management must be prepared for an initial dip in productivity as operators spend time cleaning
and learning rather than producing.



The Role of One Point Lessons (OPL)
A critical tool in AM is the One Point Lesson. These are short, visual training documents (usually one page) that

convey a single piece of information about a machine part, a safety procedure, or a maintenance task. OPLs
should be categorized into:

« Basic Knowledge: Explaining how a component works.
e Troubleshooting: How to identify and fix a specific problem.
e Improvement: Sharing a new, more efficient way to perform a task.

Integration with Digital Maintenance (Industry 4.0)

Modern AM is increasingly supported by digital tools. Augmented Reality (AR) can overlay maintenance
instructions directly onto a tablet view of the machine, guiding operators through Step 4 (General Inspection). 0T
Sensorscan provide real-time data on vibration and temperature, alerting operators to perform an 'Autonomous
Inspection' before a manual check is even scheduled.

Comparison Matrix: Maintenance Strategies



Feature Reactive Maintenance Planned Maintenance Autonomous
Maintenance

Primary Actor Maintenance Tech Maintenance Planner/Tech Machine Operator
Timing After failure occurs Scheduled intervals Daily/Continuous

Cost High (Emergency repairs) Moderate (Parts/Labor) Low (Integrated into Ops)
Equipment Life Shortened Extended Maximized

Operator Skill Low (Operational only) Moderate High (Technical Owner)

Addressing Operational Challenges and Failure Modes

Despite its benefits, many AM programs fail within the first year. Common failure modes include:

¢ Lack of Management Support: If supervisors prioritize production volume over AM time, operators will skip
maintenance tasks.

e Superficial Cleaning: If operators only clean for appearance, they will miss the 'Inspection’ aspect, and the
machine will still fail.

e Skill Gaps: Jumping to Step 4 without adequate training leads to improper tightening or lubrication, which can
cause more damage than it prevents.

« Inflexible Standards: If the standards developed in Step 3 are never updated, they become obsolete as the
machine ages or the product mix changes.

To overcome these challenges, organizations should implement a 'Step Audit' system. Before a team can move
from Step 1 to Step 2, a cross-functional committee (including Maintenance and Plant Management) must audit the
equipment and the operators' knowledge to ensure the requirements of the current step have been fully
internalized.

Summary and Strategic Implications

Autonomous Maintenance is not merely a task-shifting exercise; it is a fundamental re-engineering of the
relationship between humans and machines. By systematically progressing through the seven steps, organizations
transform their workforce from passive observers into proactive technical specialists. This transition is essential for
any facility aiming to achieve the rigorous standards of World Class Manufacturing (WCM).

The integration of AM with Lean and Six Sigma creates a robust operational framework. Lean ensures the right
tasks are done at the right time to maintain flow; Six Sigma provides the analytical tools to solve deep-seated
technical issues; and TPM, through Autonomous Maintenance, ensures that the equipment—the heart of the value
stream—remains in optimal condition. In an era of increasing automation and complex industrial systems, the
human element—specifically the operator's ability to 'hear' and ‘'feel' the machine—remains the most vital
component of a resilient production environment. Organizations that successfully implement AM will see not only a
marked increase in OEE but also a significant boost in employee engagement and safety, ultimately securing a
competitive advantage in an increasingly demanding global market.
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