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Typical DP Rig Power System

• State-of-the-art drilling rig costs 
♦ $400M to $900M USD 

♦ 2 years to build

• DP rig power plant configurations
♦ Single / dual bus (6 thrusters)

♦ Dual bus (8 or more thrusters)

♦ Many configurations



Importance of Power Plants

• Daily rates for rigs are $500,000 / day

• Power plant reliability affects revenue

• Power plant failures create costlier 
downtime than DP faults



Offshore Platforms

• Fixed

• Floating
♦ Semisubmersible

♦ Spars

♦ Drill ships

♦ Tension leg platforms (TLPs)



DP Classes

• Class 1 – Single fault may cause loss of 
position    

• Class 2 – No single fault of active 
component or single inadvertent act causes 
loss of position

• Class 3 – No single fault of active/static 
component or single inadvertent act causes 
loss of position



Typical DP Power Systems
6 • 5,375 kVA

Thrusters  3 • 5,000 hp

Drilling Bus A

11 kV Bus A 11 kV Bus B

Drilling Bus B

11 kV Thruster 
Bus A

11 kV Thruster 
Bus B

Grounding
Transformer

600 V 600 V

VFD VFDVFD

Thrusters  3 • 5,000 hp

VFD VFDVFD



Typical DP Power Systems
6 • 3,125 kVA

Thrusters
3 • 2,500 hp

SSA Aft Bus

4.16 kV Bus A 4.16 kV Bus B

SSB Forward Bus

4.16 kV 
Aft Bus

4.16 kV 
Forward Bus

Grounding
Transformer

600 V 600 V

DOL DOL

Propulsion Motor
4 • 2,000 hp

Thrusters
3 • 2,500 hp

Propulsion Motor
4 • 2,000 hp



Comparison of DP Power System 
With Utility Power System
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Various Transfer Schemes

• Parallel or closed

• Fast simultaneous

• Fast sequential

• Residual

• Long time

Presenter
Presentation Notes
 Parallel Transfer – open after connected to new source. 
Sources connected to same source. Fault current duty may be violated. Two sources parallel.

Fast simultaneous – Close and trip command issued at same time. Sources are not parallel.
Fastest transfer after parallel.

Fast sequential -  early b contact  to detect the incomer souce is open and another source is closed.

Residual Transfer – when residual voltage falls below 0.25pu. In this manner the voltage does not exceed 1.33 V/Hz
Long Time transfer – after a long time when residual voltage falls below 0.25 p.u
 



High-Speed Transfer –
Proposed Solution

3 • 3,125 kVA

Thrusters
3 • 2,500 hp

4.16 kV Bus A 4.16 kV Bus B

DOL

3 • 3,125 kVA

Thrusters
3 • 2,500 hp

DOL

NO

NO

Presenter
Presentation Notes

Thrusters fed from the BUS A will now be connected to BUS B. 



High-Speed Transfer –
Proposed Solution

ES = 1 pu @ 0°

EM = 0.8 pu 
@ 100°

ER = 1.38 pu EM = 0.8 pu 
@ 30° ER = 0.5  pu

ES = 1 pu @ 0°
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Presenter
Presentation Notes

Depending upon the phase angle the resultant voltage can be different for the same residual voltage.



Proposed System

Synchrophasor 
Vector Processor

Control and
Status

3

3 Relay

Local
Protection 1

System
Protection 2

GPS Satellite

11 kV  Bus

Generator 
Protection 

Relays

System
Protection 1

Secure 
Remote 
Access

Local
Protection 2

Power Management 
and Control System

Real-Time
Automation Controller

Real-Time
Automation Controller

Synchrophasor 
Vector Processor

Ethernet 
Security Gateway

Relay

HMI
Satellite Clock



Local Protection: Generator

52
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51G

24 27/59 81
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50/
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32 40 51V/C

Presenter
Presentation Notes
Generator may be grounded or ungrounded.




Local Protection

Synchroscope 
Display

VS

VAX, 
VBX, 
VCX

Breaker 
Control

Prime 
Mover

Excitation Governor

Generator 
Protection 

Relay



Local Protection: Automatic 
Synchronizer Report

Presenter
Presentation Notes
FLOWER & FRAISE – Freq lower and raise pulses
VLOWER & VARISE – Voltage lower and raise pulses
25C – Initiate close
SFX – Slip freq within limits
VDIFX – Generator and system voltage diff within limits




Motor 
Protection

1 3 5

2 4 6

L1 L2 L3

M
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47
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55

59

27

81LC

CBCT

I/O Option 
Card

49T

50N

49

50P

37

46
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LC
47

SEL-2600 Series

External RTD Module
Twelve 3-Wire RTDs

PT100, NI100, NI120, CU10

Fiber-Optic
Data Link

Optional (10) 
Internal RTD 
Input

Starter 
Control

Wye or 
Open Delta

+

Presenter
Presentation Notes
Example of  typical motor protection 

Is in example the relay is doing various type of protection and control functions, such as negative sequence, under/over voltage, thermal, frequency, etc.



Motor – Faster Restarting

Presenter
Presentation Notes

SEL-710 uses the actual rotor resistance and calculates the I2T accordingly.  While other motor relays assume constant rotor resistance, SEL-710 calculates the motor slip and dynamically calculates the rotor resistance to accurately use this for the Thermal model.
Since the rotor resistance goes down as motor speeds up, the constant resistance thermal protection model can be off by 2-3 times. With accurate thermal model and rotor temperature and thermal model, it is possible to reduce the time between motor starts.
This helps in accurately modeling the thermal model and saves on the motor restarting time.




Load

Frequency (Hz)

50% 100%

63

62

61

60

59

58

61.8 Hz No Load

60.9 Hz 50% Load

60.0 Hz 100% Load

60.0 Hz 50% Load

Curve A

Curve B
3% Droop

XY

Z

0%

Common-Mode Faults
• Fuel / actuator
• Governor
• Exciters
• Other faults

Presenter
Presentation Notes

3% droop, Freq will vary by 60*0.3 = 1.8 Hz
60- 61.8 Hz



System Protection Block
Power Management System

• Load-dependent start / stop

• Generator control and order selection

• Load shedding 

• Heavy-consumer start block

• Blackout start / recovery

• Diesel engine control 



Power Management

Black-Start 
Generator

Presenter
Presentation Notes
Example HMI csreen for Black start generator
Typical screen can be created as required per project to show the useful information.



Power Management Communication

• IEC 61850, GOOSE

• MIRRORED BITS® communications

• Serial

• Ethernet 
♦ Fiber optic

♦ Copper

Presenter
Presentation Notes
Many communication protocols are available for this design
 



Communications Processor

Software Web Server
 Offline configuration

 Device definition

 Firmware manager

 Custom logic 
programming

 Communications state

 System diagnostics

 User administration

 Network configuration

 Alarm panel

 SER reports

 Security logs

Presenter
Presentation Notes
Configuration can be done offline.
Preconfigured devices and point list
Easy firmware upgrade facility
International 61131-3 custom logic programming 

Webserver:
Communicate the device via web and view the logged events
Alarms and acknowledge collect   
Security log in record
SER Reports  
HMI can be even created.



Communications Processor

Client / Server Peer to Peer
 DNP3 serial / TCP

 Modbus® serial / TCP

 Synchrophasors 
IEEE C37.118 –
no server

 MIRRORED BITS

communications

 IEC 61850

 GOOSE

Presenter
Presentation Notes
Synchrophasor is only available as client (no server)
Many peer to peer communication protocols






Event Report
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Presenter
Presentation Notes
Event reports are very important for any event analysis and analysis of the protection system.
Automatic archiving and event report collection
SER points are also collected from all the relays
Typical oscillograph is shown as above. Analog and digital points are selected as required.  




System Security

Presenter
Presentation Notes
Typical installation with security gateway.
As you can see each has a security gateway that talks with one another and negotiates the access for the users.
We don’t want an unauthorized access to the system.

A security gateway secures information by:
Logs access or failed access attempts
Permits or denies data transmission with built-in stateful firewall
Encrypts data packets to provide data confidentiality
Authenticates data packets providing data integrity







Synchrophasors – Phasor With 
Same Time Reference

t1, VR1

t1, VR2

t1, VR4

t1, VR3

Presenter
Presentation Notes
This shows the simplified power system.
System visualization using the same time reference.  As you can see the phasors for the same time reference for the overall system.  
Important to have GPS time accuracy
Display is shows the time slice that each generator sees.



Synchrophasors…

Presenter
Presentation Notes
Shows the example of visualization screen to show the various system information such as voltage, current, power, freq at the same time reference for various substations. 
The automatic system synchronization can also be implemented using this solution. All this information can also be archived for future analysis. 



Detect and Respond to Power Oscillations

Relay Relay Software

Presenter
Presentation Notes
Using the synchrophasor technology and vector processor the oscillation frequency and damping ratio can be analyzed. This is being utilized for the proposed common mode protection. 
With a time reference you can see that the system is going towards unstability.

Discuss the trip and progression to negative damping and system instability.

NEED HELP ON THIS SLIDE




Other Types of Protection

• Feeder and cable protection 

• Arc-flash detection

• Bus protection
♦ Low impedance

♦ High impedance

• Transformer protection

• Motor protection

Presenter
Presentation Notes
The proposed solution also includes the above mentioned protections.



Arc-Flash Detection and 
Feeder Protection

Self-Testing 
Sensors

Fault 
Current 

Point 
Sensors 

Bare Fiber 
Loop 

Point 
Sensors 

Feeder 
Protection 

Relay 
With AFD

Presenter
Presentation Notes
Example of feeder relay with Arc Flash protection.

Bare and point sensors.

Install into new switchgear, or retrofit into existing equipment.

Algorithm senses light and is supervised by overcurrent to provide high speed without false tripping.




Motor Starting Report

Presenter
Presentation Notes
Typical starting curve of a motor with across the line starting.
Starting current goes down and  system voltage  returns to normal after the motor returns to normal speed. 
I = Motor starting current
V = Motor terminal voltage
TCU = Thermal capacity utilization
SLIP =  Motor slip

As the motor starts the slip goes down from 1 to close to 0.  Terminal voltage returns to the normal. 
I = motor starting current goes down to full load amps. 



Design Verification

• Model development

• Model validation
♦ Steady state

♦ Dynamic 

• Closed-loop test

Presenter
Presentation Notes
RTDS : Discuss what is RTDS
Real Time Digital Simulator – It is a power system simulator where you can digitally build up a power system.  It help you solve electromagnetic transient simulations is real time.  The system is used for high speed simulations, closed loop testing of protection and control equipment and hardware.  
There are endless possibilities for testing protection and control systems under realistic conditions using a Real Time Digital Simulator (RTDS®).   A typical simulation of 500–1,000 fault cases can be run in less than one day, providing the equivalent of many years of operating history, which allows you to gain insight into the limits of your system


SEL will model the system and design is verified by real time validation
Above mentioned steps are followed for design verification



Generator Results
Benchmark Using RTDS®
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Presenter
Presentation Notes
P6401 – MW
Q6401 – MVAR
W6401 – Speed (rad/sec)
LA6401 – Load angle
EF6401 – Field voltage
IF6401 – Field current

Load shed bentmarking for the generator




Reliability 

Component
Observed 

MTBF 
(years)

Unavailability 
(multiply by 10–6)

PMS Controllers 
and FEP 50 9.1

I/O 150 3.0

Relays 300+ 1.5

Ethernet Switch 50 9.1

Presenter
Presentation Notes
Redundancy and reliability of equipments
 both are important parameters for a reliable DP vessel power plant design. The size of power plants is increasing and power plant operation will result in safe and reliable operation of offshore DP vessel.
MTBF =  1/ (Sum of all the parts failure rate) 
MTBF (Mean Time to Fail) + MTTR (Mean Time to Repair)
MTTR is usually small.
q = unavailability 
T = average down time per failure
q = T/ MTBF 
MTBF = 100 years  that is failure rate of 0.01 failures/year
Using fault tree analysis you can figure the unavailability.



Conclusion

 DP power plant – design discussion

 High-speed bus transfer 

 Expandable and highly reliable system

 Communications options
– Synchrophasors

– IEC 61850

– MIRRORED BITS Communications

 Power management solution



Conclusion

 Equipment protection

 Common-mode protection

 Security

 Engineering station and analysis tools

 Design verification and documentation

 Training and on-site support

 Factory acceptance test with RTDS

Presenter
Presentation Notes
Emphasize the uniqueness of this solution
High speed motor transfer
Synchrophasor based common mode protection
Complete design
Modular
Highly reliable
System visualization and analysis 
??



Questions?
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