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Introduction

O Traditional shield machine industry confronts immense challenges arising from the
construction environment and manual operations.

O Growing need for intelligent shield machines that can operate intelligently, adapt to
changing geological conditions, and improve construction efficiency and safety.
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Fundamental issues of intelligent shield machines

Contents of shield machine intelligence

Shield machine fleet
construction intelligence

Prognostics and health
management intelligence

Operation intelligence

Intelligent shield
machine

O The level of intelligence of an
intelligent shield machine
increases with its degree of
autonomy.

—

Long-term development goal

O Attain a certain degree of autonomous construction.
O Outperforming manual operation.
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Autonomous operation framework

Analysis of the tunneling operation process

Overall tunneling process flow of a shield machine
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O Processes that require decision-making or
continuous adjustment of analog quantities f Y 1
require intelligence.

Error handling | I

O The stable excavation operation can be broken

down into the adjustment of four groups of o
1 Excavation \ |
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” Stable excavation H ! ” Synchronized grouting ”

Pressure blance parameters

Excavation dynamic parameters

1. Target pressure (for EPB shields)

2. Screw conveyor speed (for EPB shields)
3. Air bubble pressure (for SPB shields)

4. Slurry flow rates (for SPB shields)

()

1. Cutterhead rotational speed
:) 2. Advance speed
3. Thrust force

4. Cutterhead torque

1. Grouting system parameters
2. Foam System Parameters

)

1. Thrust cylinder groups pressure
2. Cylinder relative displacement

Auxiliary system parameters

Attitude parameters

__________

__________
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Autonomous operation framework

Stand-alone-level autonomous operation architecture

O Each layer employs a modular design, with upper modules utilizing information
from lower modules to make decisions.
O The closed loop of information represents fully autonomous excavation

Human operator
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Perception layer Cognition layer Decision and planning layer Control & actuation layer

State of the environment Scenario identification Process control logic Feedback controllers

* Surface settlement

» Groundwater pressure

* Burial depth

* Geomechanical parameters

State of the machine

» Advance speed

* Cutterhead rotational speed
« Thrust force

* Cutterhead torque

* Support pressure

* Foam flow rate

* Geological parameter identification
« Fault fracture zone identification

Performance evaluation

* Support pressure control accuracy
* Attitude error

* Thrust force exceeds the limit?

* Torque exceeds the limit?

Risk evaluation and warning

* Surface collapse or uplift
* Cutterhead stuck

« Cutting-tools damage

* Equipment failure

* Overall process flow
* Sub-process flow

Operation behavioral decision

* Support pressure balance parameters
* Dynamic parameters

« Steering parameters

* Back-up system parameters

Motion planning

* Support pressure control action planning
* Dynamic parameters adjustment planning
* Steering parameters asjustment planning
* Auxiliary parameters adjustment planning|

* Pressure controllers

« Force controllers

« Flow rate controllers

« Speed controllers

« Displacement controllers

Actuators

* Screw conveyor
* Slurry pumps

* Thrust cylinders
* Cutterhead drives
* Foam pump

« Control valves
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Autonomous operation framework

Autonomous operation architecture of shield machine fleet level

O A coordinated “cloud-edge-device” autonomous operation architecture

Cloud servers ll' ]

Monitoring center

MQTT, MQTT,
HTTP/HTTPS, HTTP/HTTPS,
WebSockets, ... WebSockets, ...
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Edge computing devices
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