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Embedment

Litz Track
Support 
Embedment

LSM Motor
Support 
Embedment

Litz Track Clamp
Interface Embedment

Litz Track
Support 
Embedment

LSM Motor
Support 
Embedment

Litz Track Clamp
Interface Embedment
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7 Chassis Halves
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Central Control Unit

Pulse-Width-Modulation Card

Speed and Location Sensor
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Union Switch & Signal



�1Union Switch & Signal

� Cargo Vehicle Carborne Equipment,

� Signaling, and

� Communications

� CCTV

Union Switch & Signal’s Participation in the LA Por t Project
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18 Cargo Vehicles
on each storage track

Two Independent Transportation Systems

Union Switch & Signal

Each Independent Transportation systems will
have its own Communications and

Train Control Center
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Cargo Vehicles

LSM winding segments

((  ))((  ))((  ))((  ))

Operating Rule:

One LSM segment must be ‘clear’ of a vehicle for sys tem to continue operating

Simple Operating Rule

Union Switch & Signal
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Control of each Transportation Systems

Union Switch & Signal

Transportation system:

� A Digital Communication System (DCS) which communic ates between each   
cargo vehicle and the CAD system,

� Cargo vehicle equipment that determines its locatio n on the Guideway,

� Cargo vehicle equipment that determines its speed o n the Guideway,

� A CAD system that determines via the position of ea ch cargo vehicle if the 
operating rule is true, and

� Logic that determines if the operating rule is not true, and commands are sent to 
each inverter through the GA network inverter contr ol to shut down and each 
cargo vehicle to apply emergency braking.
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Components:

� Wayside

� Central Office

� Vehicle

� Communications

� CCTV

Control System Components
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Ethernet dual ring

GA Remote controlled cameras

Cargo Vehicle

Switch
I/O

Switch
I/O

Local Operator 
Workstation

Remote Terminal

Local Operator 
Workstation

Central Office

Wayside Equipment

Union Switch & Signal

� Fiber switch

� Object controller for
Guideway switch

� Pan, Tilt, Zoom cameras

Object
Controller
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Ethernet dual ring

GA

Operator 1
Workstation

Operator 2
Workstation

Local Operator 
Workstation

Central Control Office

Central Control Remote Terminal

CAD

DCS

CCTV + Voice

Communication
Tower for 100%

coverage

GA INV
Controller

Remote controlled cameras

Cargo Vehicle

Switch
I/O

Switch
I/O

Central Control Equipment

Union Switch & Signal
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Central Control Functionality

Union Switch & Signal

Central Control

� Initiate request for vehicle movements

� Block storage tracks

� Select switch positions

� Support display of

� vehicle location

� switch position

� vehicle load/unload status

� web-based viewing

� event logging

� replay of events



��

Cargo Vehicles

LSM winding segments

((  ))((  ))((  ))((  ))

Operating Rule: 

One LSM segment
must be ‘clear’ of
a vehicle for system
to continue operating

Computer
Aided

Dispatch

DCS

((  ))

Enforcement System

Vehicle – Central Communication

Union Switch & Signal
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Cargo Vehicle

GPS
Satellite

GA

On-Board Computer

((  ))

relay

DC input

Emergency
Brakes

RF
Modem

DGPS
Receiver

PIC
CPU

DC/DC
PS

Data: Vehicle to Central
Location (lon/lad)
Speed
Brake status

Central to Vehicle
Brake request

Brake
Indication

Union Switch & Signal

Vehicle Equipment

PIC CPU

RF ModemM12+
DGPS
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Inverter
2

Inverter
1

DCS/CADRF Modem
RS-232

GA Software
controller

RS-232
OBC

RF
Modem

RS-232
OBC

RF
Modem

Inverter
N

RS-232
OBC

RF
Modem

Inverter
Controller

Inverter
Controller

Inverter
Controller

Union Switch & Signal

Vehicle – Central Communication Equipment
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Ethernet dual ring

GA Remote controlled cameras

Cargo Vehicle

CCTV 

Central Control 

CCTV Equipment

Union Switch & Signal

Surveillance of Guideway
� Cargo Vehicle
� Intruders

Using ‘Video-Motion’ technology
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Ethernet dual ring

GA

Operator 1
Workstation

Operator 2
Workstation

Local Operator 
Workstation

Central Control Office

Central Control Remote Terminal

CAD

DCS

CCTV + Voice

Communication
Tower for 100%

coverage

GA INV
Controller

Remote controlled cameras

Cargo Vehicle

Switch
I/O

Switch
I/O

On-Board Computer

((  ))

relay

DC input

Emergency
Brakes

RF
Modem

DGPS
Receiver

PIC
CPU

DC/DC
PS

Brake
Indication

GPS
Satellite

Control System Block Diagram

Union Switch & Signal
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• Create Work Breakdown Structure

• Create Engineering, Construction, and 
Commissioning Schedule

• Prepare Budgetary Capital Cost Estimate

• Consistent & Traceable to WBS / Schedule / DBS

• Prepare Budgetary O & M Cost Estimate
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• Budgetary cost estimate for planning purposes.

• Constant year 2006 dollars.

• Commercial factors for contingency, warranty, facil ity, capital cost of
money, and fee are included.

• Right-of-way and environment impacts costs are not included.

• Channel and freeway crossings are included. 

• Design concept is a close derivative of current pas senger maglev concept. 

• Site-specific engineering is a 1.5 year activity.

• Construction is a 3 year activity.

• Commissioning occurs 3 months after completion of c onstruction.

• Throughput – 2500 40’ containers per direction / per year.

• Operation – 24/7.

• Length of project – 4.7 miles.

• Cargo handling equipment not included.

• Driverless operation.

• Single container maglev chassis (no consist).
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� Distinct Phases

– Project Site-Specific / Detail Engineering

– Project Construction

– Commissioning

– Operation

Task Name

Site Specific / Detail Engineering

Construction

Commissioning

Operation

Year 1 Year 2 Year 3 Year 4 Year 5



A�

�����&���� 	38�	��"��	0

ECCO-System Project

10000

Site-Specific/
Detail Engineering

30000

Test & Evaluation

31000

Safety Planning

32000

FMEA

33000

Test Planning

34000

Component 
Acceptance Test

40000

Operation

41000

Management

42000

System
Operation

43000

44000

System
Maintenance

45000

Training

46000

Energy

Spare Parts

20000

Construction

21000

Vehicle

22000

Girder/Levitation/
Prop Systems

23000

Maintenance
Yard/Equipment

24000

Energy Supply
System

25000

Ops/Cmd/Cntl
Systems

26000

Guideway

27000

Civil Structures

28000

Right-of-Way /
Corridor

11000

Vehicle

12000

Girder/Levitation/
Prop Systems

13000

Maintenance
Yard/Equipment

14000

Energy Supply
System

15000

Ops/Cmd/Cntl
Systems

16000

Guideway

17000

Civil Structures

18000

Right-of-Way /
Corridor

35000

System 
Acceptance Test

36000

Training

37000

Energy

29000

Project 
Integration

19000

Project 
Integration

38000

Project 
Integration

ECCO-System Project
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Prop Systems
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Yard/Equipment

14000

Energy Supply
System
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Guideway

17000

Civil Structures
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Right-of-Way /
Corridor

35000

System 
Acceptance Test

36000
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37000

Energy

29000

Project 
Integration

19000

Project 
Integration

38000

Project 
Integration
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ECCO System
Site Manager

Technical 
Support

Liaison
Engineering

Finance

Administration

Legal

Reliability/
Safety/

QA
Agency

Mgmt Support

Contracts/
Purchasing

- Non-conformance Evaluation
- Configuration Management
- Interface Management

-Government Affairs
-Public Relations
-Regulatory Interface

-Project Administration
-Property Management
-Cost Account Mgmt
-Scheduling
-Estimating Support

Maglev Projects
Program Manager

Subcontractor/
Construction
Coordination

- Design
- Analysis

Human 
Resources

Systems
Engineering
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Commissioning
4%

Construction
89%

Site-Specif ic / 
Detail Engineering

7%

Site-Specific / Detail Engineering 40,359,000$    
Construction 510,149,000$  

Total Engineering & Construction 550,508,000$  

Commissioning 24,070,000$    

Total 574,578,000$  
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Project Integration
6%Civil Structures

2%

Guidew ay
16%

Operation / 
Command / 
Control Sys

2%

Maintenance 
Yard / Equipment

2%

Energy Supply 
Systems

20%

Liaisson 
Engineering

2%

Vehicles
11%

Hybrid 
Girder/Levitation/

Propulsion 
Modules

39%

Liaisson Engineering 12,500,000$    
Vehicles 55,505,000$    
Hybrid Girder/Levitation/Propulsion Modules 194,074,000$  
Maintenance Yard / Equipment 11,234,000$    
Energy Supply Systems 103,326,000$  
Operation / Command / Control Sys 10,721,000$    
Guideway 79,875,000$    
Civil Structures 10,375,000$    
Right-of-Way / Corridor -$                 
Project Integration 32,539,000$    

Total 510,149,000$  
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Year 1 Year 2 Year 3 Year 4 Total

Site-Specific / Detail Engineering 28,251,300$    12,107,700$        40,359,000$    
Construction 153,044,700$      255,074,500$  102,029,800$  510,149,000$  

Total Engineering & Construction 28,251,300$    165,152,400$      255,074,500$  102,029,800$  550,508,000$  

Commissioning 24,070,000$    24,070,000$    

Total 28,251,300$    165,152,400$      255,074,500$  126,099,800$  574,578,000$  
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Annual Operations Costs Personnel Salary & Benefits Cost

Labor

Control Center Operator 10 60,000$               600,000$         
Security 5 40,000$               200,000$         

Total Labor 800,000$         

Non-Labor

Enengy 8,212,500$      
Management & Administration 200,000$         

Total Annual Operations Costs 9,212,500$      

Annual Maintenance Costs Personnel Salary & Benefits Cost

Labor

Vehicles 6 90,000$               540,000$         
Electrical Systems 8 90,000$               720,000$         
Guideway Inspection and Maintenance 5 90,000$               450,000$         

Total Labor 1,710,000$      

Non-Labor

Spare Parts 1,800,000$      

Total Annual Operations Costs 3,510,000$      
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