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Today's Workshop Agenda (60 Minutes)



Workshop Guidelines & House Rules

Participate 
Actively

Share your views

Listen 
Respectfully

One speaker at a 
time

Silence Your 
Devices

For everyone's focus

Think Solutions

Constructive 
mindsets welcome



PART 1

Opening & the New Challenges

Agenda



See the Future of Car Making : The Reality of Lights-out 
Manufacturing

The Wuling Hongguang, a compact 
van widely used in rural and urban 
China for both cargo and passengers.

A Glimpse into the Future: SAIC-GM-Wuling Smart Factory



Typical Characteristics of Lights-out Manufacturing

The complete production value chain—from material 

handling and processing to assembly, inspection, and 

logistics—is executed by integrated robotic and 

automated systems without the need for human 

operators on the production line.

Operations are governed by interconnected systems 

(IIoT, CPS) that enable self-optimization. Processes 

are controlled by real-time data analytics, AI, and 

predictive algorithms (e.g., for maintenance or quality 

control), ensuring adaptive and resilient production.

The human role shifts from direct operation to remote 

monitoring and exception management. Personnel 

oversee the factory from central control rooms using 

MES or digital twin platforms, intervening only for 

high-level decision-making or unforeseen issues.

The factory design eliminates or drastically reduces 

traditional facilities for on-floor personnel (e.g., 

lighting, walkways, safety signage). The physical 

environment is optimized for machine operation, 

maintenance access, and energy efficiency.

End-to-End Automation

Lights-out 
Manufacturing

Autonomy & Data-Driven

Remote Supervision & Control Minimal Human-Centric Infrastructure



Implementing traditional Total Productive Maintenance (TPM)

Run the 
equipment

1

Perform 
routine 

maintenance

2

Focus on 
repairing 

equipment

3
Operators Maintenance 

Techniciansresponsible for 
identifying 

abnormalities 
during operation, 

and reporting 
them;

to resolve 
problems and 

restore normal 
function;

to prevent 
equipment failures 

from occurring;

In lights-out 

factories, 

the extensive 

replacement of 

operator positions 

has undermined the 

foundation for 

implementing 

traditional TPM.



Discuss:

With the move towards unmanned or minimally staffed 
production floors, several critical questions emerge:

How can we monitor and assess equipment degradation 

promptly and accurately?

Can routine cleaning and basic maintenance tasks--essential for 

restoring equipment condition, be eliminated or automated?

If these tasks remain necessary, who should be responsible for 

performing them?



Why Traditional TPM Falls Short?

Failure of 
Problem 

Discovery

No operators 
as the "first 

line of 
defense."

Sky-High 
Maintenance 

Pressure

Unplanned 
downtime is 
extremely 

costly.

Extreme 
Demand for 

Speed

Repairs must 
be ultra-fast 
and accurate.

The Three Core Challenges We Identified



From "Human-Centric" to "Data-Driven & Collaborative"

Old Model

Relies on people's 
senses and routine 

checks.

New Model

Built on:

 data-driven, 

 collaboration between 
humans and machines, 

 and prevention before 
failure.



Our Proposed Solution: A New TPM Framework

To address these challenges, 

we propose a new TPM framework...



PART 2

The New TPM Framework 

& How to Implement It

Agenda



The Pillars of the New TPM Framework

Dual-Drive: 
"Sensors + 
Experts"

Forward-
Shifted 

Maintenance 
Model

Targeted 
Allocation 
Principle

The Core of the New Model--

3 Key Elements：

 Data-Driven Operations

 Human-Machine Collaboration

 Forward-Shifted Maintenance

Data collection + Human judgment

Differentiated Maintenance 
Actions Allocation Based on 
ABC Classification of 
Equipment

Act on warnings, 
not failures



Element 1: "Sensors + Experts" in Action

How It Works: The Dual-Drive Mechanism

Sensors: 

⚫ 24/7 monitoring 
(vibration, temperature, 
current...). 

⚫ They are the new "eyes 
and ears."

Experts (Maintenance 
Staff): 

⚫ Focus on root cause 
analysis and precise 
intervention.



Element 2: Shift Your Maintenance Forward

Change the Timeline of Maintenance activities



Element 3: Maintenance Smartly with ABC Classification

Not All Equipment is Equal: The ABC Principle

Under the lights-out factory model, maintenance resources and strategies should be differentially configured 

and designed based on equipment criticality (ABC classification):

 Class A (Critical): Deploy real-time condition monitoring combined with on-call expert support.

 Class B (Important): Implement periodic precision inspections along with specialized patrol checks.

 Class C (Normal): Adopt floor video monitoring paired with an anomaly alert response mechanism.



Interactive Exercise 2: Your Thoughts on This Framework?

Quick Feedback Round: Write down your good ideas

Questions:

1. What is the most practical idea here for your context?

2. What would be the biggest obstacle to implementing this?



Case Study: Implementing ABC Equipment Classification – a 
Factory in Nanchang city, China

 Based on defined rating criteria, engineers evaluate different equipment types/models within the Enterprise Asset Management 

(EAM) system. The system then automatically assigns an A, B, or C classification level according to the calculated score.



Case in Point: At the Bosch Suzhou plant

 Critical equipment is equipped 

with an “Equipment Health 

Dashboard." 

 A green light indicates that 

maintenance personnel should 

analyze historical data for trends, 

 while a yellow light signals them 

to proceed immediately to the 

site with their toolkit.

Bosch Suzhou plant



How to Make It Happen: A "Three-Phase" Path

Phase 1

Build a 
Graded 

Response 
System

Phase 2

Establish a 
Human-
Machine 

Collaboration 
Mechanism

Phase 3

Promote 
Workforce 
Capability 
Rebuilding

Our Proposed Implementation Strategy



Phase 1: Build a Graded Response System

First, Manage Alerts, Avoid "Alert Fatigue"

Level Color Lights-out Factory

Level I Blue Minor fluctuation. Log & analyze weekly.

Level II Yellow Persistent abnormality (>2h). On-site check within 4 hours

Level III Red Nearing safety limit. Immediate shutdown to repair

Overview table of the graded response rules



Case in Point: At BOE's Fuzhou facility

 After implementing the graded 

response rules to guide 

maintenance tasks on their Gen 

8.6 LCD panel production line, the 

on-time response rate for Level II 

equipment alerts reached 98.7%.

BOE's Fuzhou facility



Phase 1: Build a Graded Response System

Second, Frontline deployment:The "Three Forward Shifts"

Three Forward Shifts

01-Physical Shift (frontline 
deployment of tools)

02-Temporal Shift 03-Technological Shift



Case in Point: At SANY's No. 18 Workshop in Changsha city

SANY's No. 18 Workshop in Changsha city

Designated as a Lighthouse Factory, has reduced the average response time for equipment maintenance tasks 
to 11 minutes by deploying mobile maintenance vehicles.

mobile maintenance vehicles



Phase 2: Establish Human-Machine Collaboration

Optimize the "Human-Machine Collaboration" in the Loop



Case in Point: At SAIC VOLKSWAGEN's Anting Plant

 SAIC VOLKSWAGEN's Anting Plant, a 

recognized smart factory in China, has 

increased its maintenance 

intervention efficiency by 40% by 

implementing human-machine 

collaborative workflows.

SAIC VOLKSWAGEN's Anting Plant



Case in Point: Proactive Maintenance at a Dongguan Printing 
Factory

 The MES system syncs key operational data—like equipment start/stop times, quality defects, and minor stoppages—to the 
EAM system. 

 This integration supports a data-driven equipment health model, 
 which generates a weekly Equipment Health Index (0~100). 
 Using this score, maintenance teams can proactively identify and prioritize the most degraded equipment for early 

intervention.



Phase 3: Rebuild Your Workforce Capability

First, Maintenance Team Needs New Skills

Ultimately, the roles and capabilities of personnel must be transformed and upgraded.

A New Maintenance Personnel Competency Matrix

Competency Training Content (Example) Certification Method

Data Analysis
Minitab/SPC trend analysis, Vibration spectrum 
analysis

Submit diagnostic reports for 
blind review

Rapid Response
5-minute handling method for typical failures, 
Standardized operations

Practical timed assessment

Preventive 
Optimization

FMEA (Failure Mode and Effects Analysis), RCM 
(Reliability-Centered Maintenance)

Submit improvement 
proposals and defend them



Case in Point: At a Factory in Nanchang City, China

 The facility has 

established a 

performance evaluation 

framework for 

maintenance personnel 

within its Enterprise 

Asset Management 

(EAM) system, assessing 

both their operational 

practices and technical 

skills.



Phase 3: Rebuild Your Workforce Capability

Second, Concurrently, implement an Equipment Chief Physician  System

 where each senior maintenance personnel 

are deeply responsible for the full lifecycle 

health of 15-20 pieces of critical equipment, 

much like a doctor responsible for patients. 

 They must issue monthly Equipment 

Health Reports, including KPI trends, 

failure analysis, and improvement 

suggestions.

A senior maintenance technician is inspecting the critical 
equipment under his responsibility



Case in Point: At a Factory in Yulin City, China

Equipment 
Health Reports



Q&A: What Changes in Maintenance Work Time Allocation 
When Factories Go "Lights-Out"?

A Comparative Overview of the Shift in Time Distribution

Maintenance Work Traditional Factory Lights-out Factory

Breakdown 
Maintenance+TBM

65% ≤20%

Predictive Maintenance (PdM) 15% 50%

Maintenance Strategy 
Optimization

10% 30%



PART 3

Expected Benefits, 

Critical Issues & Closing

Agenda



What You Gain: The Benefits

Expected Outcomes of Implementation

Better 
KPIs

Lower 
Costs

Smarter 
Management

 Higher OEE (Overall 

Equipment Effectiveness), 

 Higher MTBF (Mean Time 

Between Failures), 

 Lower MTTR (Mean Time 

To Repair).

 etc.

 Less unplanned downtime,

 optimized spare parts inventory.

 Data-driven decisions,

 transparent lifecycle management.



What You Must Solve: Critical Issues

Key Challenges to Address for Success

1

Initial 
Investment

2

Data 
Security

3

Skills Gap
4

Culture 
Change

 In sensors, systems, 
and connectivity

 Protecting sensitive 
operational data

 Training "hybrid" 
experts who 
understand both 
data and machines

 The biggest challenge 
- moving from 
reactive to proactive 
mindset. 

 Needs strong 
leadership



Interactive Exercise 3: Your Key Takeaway

Final Reflection & Sharing

Questions:

"What is your single biggest takeaway or 'aha!' moment from today's 

workshop?"



Specialized Deep-Dive: Deconstruction of Specialized 
Maintenance Paths Deconstruction of 

Specialized 
Maintenance Paths

Deep-Dive Maintenance for 
Mechanical Drive Systems

Focus On: physical wear 
and fatigue

Advanced Lubrication 
Management

Automated Inspection & 
Cleaning

Deep-Dive Maintenance for 
Electrical & Control Systems

Focus On: insulation aging, poor contact, 
parameter drift, and logic errors

Specialized Condition 
Monitoring

Program & Data 
Maintenance

Management Measures Technical Measures

Moving beyond 
scheduled greasing 
towards a "condition 
awareness - proactive 
optimization - self-
healing" closed loop

Targeting 
mechanical 
signatures 
(vibration, 
temperature, 
acoustics, debris)

Relying on non-
contact and 
electrical 
characteristic 
monitoring

The unique 
"cleaning and 
restoration" for 
electrical systems

Establish control program 
version 
control and parameter 
backup/disaster 
recovery protocols, treating 
software as a core asset.

Use digital twins for offline PLC 
program simulation and 
validation; enable automated 
backup and one-click recovery 
of critical device parameters via 
secure networks.



Specialized Deep-Dive: Integrated Implementation within the 
New TPM Framework

Phase 1-In the 
Graded Response 

System

Phase 2-In the 
Human-Machine 

Collaboration 
Mechanism

Phase 3- In the 
Workforce 
Capability 
Rebuilding

Define differentiated alert 

thresholds and grading criteria for 

mechanical (e.g., vibration severity, 

oil contamination) and electrical 

(e.g., temperature anomaly, 

insulation index) parameters.

Develop targeted AR assistance—

mechanics view disassembly steps 

and torque specs via AR glasses; 

electrical engineers overlay circuit 

diagrams and PLC ladder logic for 

troubleshooting.

Build specialized competency matrices. 

Mechanical experts master vibration 

analysis and oil data interpretation; 

electrical experts master thermogram 

analysis and control system diagnostics. 

Implement "Mechatronics Expert" 

training programs for system-level issues.



Summary & The Road Ahead

Conclusion: The Journey to Intelligent Maintenance

 The new TPM model is essential for lights-out factories.

 Start with the framework (Sensors+Experts, Forward-Shift, Targeted 

Allocation Principle), follow the three-phase path.

 Future: Integration with Digital Twin and AI for "Autonomous Maintenance."



THANK YOU!
Prof. Baoqiang Xu
Mobile: +86 13609719794
E-mail: shfxubaoqiang@gmail.com
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