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1 Introduction

1.1 Document Purpose
This Statement of Work document has been written to outline the contractual requirements of the Power Generation and MCAS (Machinery Control and Surveillance System) Update (PGMU) project, Mathematical Modelling Phase 2 contract. 

1.2 Background
The Type 23 Frigate Main Electrical Power System generates, converts and distributes the ships’ primary source of electrical power to platform propulsion, hotel and combat system loads.  To enable the Type 23 life extension programme, and restore platform capability, the Main Electrical Power System capacity requires to be increased through an extensive system modification as part of the PGMU project.

The project procurement strategy is to procure equipment and technical support in five separate contracts as follows: Lot 1 - DG Sets; Lot 2 - MG sets; Lot 3 - Switchboards; Lot 4 - MCAS Update and Lot 5 PGMU System Integration.  In order to ensure that the different equipment’s procured under the separate contracts work together, system-wide testing is necessary. 

As the PGMU project does not aim to use a full scale shore test facility, mathematical modelling shall assist the Project Team in assessing and demonstrating the system level dynamic transient performance before any equipment is installed on the First of Class.  Thus, mathematical modelling shall be used by the PGMU project to provide technical assurance through the project design, manufacture and test phases.

Phase 1 of the PGMU mathematical modelling strategy was delivered by Frazer-Nash Consultancy to the PGMU project team in February 2016.  Under the Phase 1 contract an “As Built” model of the ships’ existing Main Electrical Power System was developed to provide a baseline for the project.  Specifically, this model was used to conduct system level simulations to baseline the dynamic performance of ships’ power system, pre-modification, as historic data has not been made available to the project team. 

1.3 Task Summary
In summary, the objective of Phase 2 (this phase) of the PGMU mathematical modelling strategy   is to:
i) Conduct further validation/update of the baseline model (as developed under phase 1) and update as necessary based on emerging test data.
ii) Develop a PGMU system model, based on the baseline model, to reflect the proposed system modifications.  A number of disturbance events required to be simulated to the allow the PGMU Project Team to assess the likely impact of the project on the dynamic transient performance of the Main Electrical Power System. 
 
Full details of the scope of supply for this contract are included in Section 3. 
1.4 Document Description
This document is divided into the following sections:

Section 1 - Introduction;

Section 2 - Main Supply System Overview;
Section 3 – Scope of Supply;
Section 4 – Model Requirements;

Section 5 - General Business Requirements;

Section 6 - Tender Assessment;
Section 7 – Abbreviations;

Section 8 – Annex A List of Scenarios.
2 Main ELECTRICAL POWER system Overview
As the PGMU project aims to modify the existing Main Electrical Power System, the system equipment and system architecture must first be understood to provide context to the mathematical modelling contract.  This section therefore provides an overview of the existing system and PGMU project proposed changes.
2.1 System Context

The Type 23 Main Electrical Power System, generates, converts and distributes the required electrical power for ships hotel, combat and propulsion loads (EM Drive).  The system was designed and constructed as a highly reliable and redundant system capable of meeting the power demand requirements of the Type 23 platform through a range of geographical operational zones and roles.
2.2 System Architecture 

The Type 23 Frigate Main Electrical Power System comprises of forward and aft sub-sections with equipment located in damage control zones at either end of the ship to provide a high level of system redundancy and ship survivability.  Each sub-section comprises of two DGs, one MG, one propulsion motor convertor regulator, one propulsion motor and a switchboard assembly.  Each switchboard assembly comprises of 600V, Main 450V and 450V Distribution sections.

Interconnectors allow the system to operate as an open or closed ring system if required to permit load sharing or load transfer during maintenance or damage scenarios.  The high level architecture of the Main Electrical Power System is shown in Figure 1 below. 

Figure 1 - Main Power System Architecture
It shall be noted that the PGMU project does not intend to modify the system architecture or the system basis of operation. 
2.3 Ships Propulsion System

The two electric propulsion motors each develop 1.5MW at 88 RPM, and are used to drive the ship at economical speeds and in noise quiet states. 

Electrical power for both propulsion and Ship’s services is provided by four 1900kVA Paxman Valenta Diesel Generators.  Propulsion Motor power is dependent upon the number of DGs online.  The drive mode using electric motors alone is known as EM drive.

The Rolls-Royce Spey Gas Turbine develops a nominal 12.75MW each and are used to propel the ship at high speeds ahead only.
Maximum propulsion system power (and top speed) is attained by driving the propulsion motors and the GTs together in a CODLAG configuration.  The ships propulsion system is depicted in Figure 2 below.

Figure 2 - Propulsion System
In terms of PGMU, any modification directly to the Propulsion Motor Convertor Regulators or Propulsion Motors does not fall under the scope of the project.  However, to allow for detailed power system modelling, the propulsion convertor and propulsion motor shall require to be included within the model developed for this task. 
2.4 Diesel Generators

The four Paxman Valenta DG sets each provide 1.3MW at 61.2Hz (allowing for MG slip) of maximum continuous electrical power to their respective 600V section of the switchboard assembly.  If required DGs ‘H2’ and ‘F1’ will provide an alternative supply of 450V 60Hz supply direct to the 450V section of their respective switchboard assembly in the event that a MG set is unavailable. 
As a result of an increase in ships hotel and combat system load since ship build, and the electrical load increases forecasted until end of life, the DGs require to be up-rated to 1.65MW, 2.2MVA.  
2.5 Motor Generators

As a result of the harmonic distortions caused by the propulsion motor conversion equipment two in number Laurence Scott MG sets are provided to supply a clean 450V electrical power supply for ships’ combat and hotel loads.  The existing MG sets are rated to provide a maximum continuous electrical power output of 945kW.  
As a result of an increase in ships hotel and combat system load since ship build, and the electrical load increases forecasted until EOL, the MGs require to be up-rated to approximately 1.25MW, 1.56MVA.  

2.6 Switchboards

The 600V Switchboard section takes a power supply from the DG sets and distributes to 600V loads comprising the MG sets, Propulsion Motor Convertor Regulator, and in some ships the SONAR 2087 Transformer Rectifier Unit (TRU).  The 600V section of the switchboards also comprises modules designated for the 600V interconnector.

Supply and load equipment is protected on the 600V section of the switchboard by Sace ACBs and protection relays connected to the ships MCAS system to provide remote switching from either the Primary Electrical Control Position (PECP) or one of the two Secondary Electrical Control Positions (SECP).  

The 450V section takes a clean power supply under normal operations from the output of the MG sets.  This supply is distributed to ships combat and hotel loads via MCCBs contained in the 450V distribution section of the switchboard.  The 450V section of the switchboard also comprises modules designated for the 450V interconnector and a shore supply/ship alongside side box.  The MCCBs are also connected to the Ships’ MCAS system to provide a remote switching functionality from the PECP or SECP. 
As a result of increased electrical loading and the proposed installation of up-rated DGs and MGs, the PGMU project team has concluded that the existing switchboards shall require to be modified in support of the increased power flow.    

2.7 Generator Test Box

The generator test box provides a facility to carry out load trials on a DG using a load bank external to the ship.  As a result of increasing the DG rating the DG Test Box circuit requires to be modified to permit increased load testing.
2.8 Link Box

The link box can be configured to provide the power system functions as follows:

· During normal operations the link box provides the facility to interconnect the two 600V sub-sections, closing the ring on 600V side of the main power system.

· During generator testing operations the link box provides the facility to route generated power to a load bank external to the ship via the generator test box.

· During emergency operations the link box provides the facility to route emergency power at 450V from DGs ‘H1’ or ‘F2’ direct to the 450V section of the switchboards.

The Link Box requires to be modified in support of changes to the DG Test Box circuit.
3 Scope of Supply

In summary, the objective of Phase 2 (this phase) of the PGMU mathematical modelling strategy   is to update the baseline mathematical model to reflect the proposed system modifications and simulate a number of disturbance events to the allow the PGMU Project Team to assess the likely impact of the project on the dynamic transient performance of the Main Electrical Power System. 

The requirements of this task can be considered as follows:

3.1 Conduct further validation of the baseline model
Following the completion of a number of ship trials new data has been made available to the project that shall allow the baseline model to be validated further and hence improve the accuracy and confidence level in any simulations conducted under this phase.  

New data includes i) steady state harmonics (voltage) recorded at multiple nodes throughout the system power, ii) propulsion motor circuit parameters (torque, shaft speed, armature currents) recorded throughout the ship speed range and iii) dynamic motor starting data (start time, bus voltage and current) for Motor Generator Starting and Chilled Water Plant Starting.   

As a result of the extended validation of the baseline model using this data the baseline model shall be updated as required in agreement with the PGMU Project Team.  In addition the contractor shall carry out simulations, as required, during the extended validation process.  
It shall be noted that the baseline model developed under Phase 1 of the mathematical modelling strategy shall be made available to the contractor.
3.2 Develop a modified system model (PGMU model)

The modified system model shall require to be developed through a modification of the baseline model to reflect changes proposed as part of the PGMU project.  The modified model shall be referred to as the “PGMU model” for clarity.

Specifically, the model shall require to be updated to reflect the replacement Diesel Generators, Motor Generators, their associated control systems and main supply and feeder cabling. 

The model blockset input data shall be based on best available data held by the PGMU project team as supplied by equipment manufacturers through equipment data sheets and technical equipment specification documentation.
3.3 Conduct verification and validation of the PGMU model

The accuracy of the PGMU model shall be assured through an extensive verification and validation exercise.  Validation data shall be made available from a number of equipment and system level pre-installation test events.  Test serials have been written specifically to provide best available validation data. Test events include, Motor Generator Factory Acceptance Tests, Diesel Generator Factor Acceptance Tests, a combined Diesel Generator and Motor Generator test (known as DG/MG Integration Testing) and an extended system test (known as a SuperFAT).  

The SuperFAT test arrangement will comprise two off diesel generator sets, a single motor generator set, and static load banks as required. 

Test serials written specifically to provide validation data to the mathematical model are defined as “validation tests”.  Accordingly, mathematical simulations requested to be carried out during the validation stage are defined as “validation simulations”. A full list of the planned validation simulations is included at Annex A.
3.4 Simulate system disturbance events

To allow the PGMU project team to carry out a quantitative assessment of the expected dynamic transient performance of the modified power system a number of disturbance events require to be simulated.  The PGMU project team shall assess the system response to these disturbance events to establish any requirement for design change or system operational constraints. 

Disturbance events include a range of all logical disturbances that the system may be subject to.  These include loss of generation, motor starting, disconnection of load (including load shed) and loss of machinery space.

A full list of simulations is included at Annex A.
3.5 Conduct a high level analysis
To assist the PGMU project team in the identification of any performance issues, a high level analysis shall be carried out by the contractor.  The analysis shall compare the output of the simulations (detailed above) against the baseline model simulations and also the Quality of Power Supply operating envelope for voltage and frequency (as given in Defence Standard 61-5 Part 4). 

3.6 Delivery of Report and Model
To deliver a report on the findings of tasks 1 to 5 above and to deliver an electronic copy of the model(s) developed under the phase 2 contract.  The report shall provide full details of the model development, validation and simulations carried out.  The model shall satisfy the requirements laid out in Section 4 of this document.
4 Model Requirements
In January 2013 Frazer Nash Consultancy, in partnership with the PGMU PT, developed a Modelling Referent for the PGMU project in accordance with the requirements of Defence Standard 61-22.  The Modelling Referent outlines the PGMU project requirements in terms of mathematical modelling programme and has been used as a basis to detail the requirement set in this document.  
4.1 Purpose

As mentioned previously, the PGMU project intends to use mathematical modelling in preference to a full scale shore side test facility.  Therefore the mathematical modelling will form a key part of the demonstration and technical assurance for the PGMU project.  
Specifically the PGMU PT aim to use mathematical modelling to demonstrate the following:
· System level dynamic performance;

· QPS (Quality of Power Supply);

· Harmonic Analysis;

· System Stability;

· System Fault Analysis (including fault removal transients);
· Power Flow.
It shall be noted that, for consistency reasons, the mathematical model of modified system shall be based on the baseline model of the ships existing power system.  This baseline model shall be supplied to the contractor together with the supporting documentation from phase 2 of the PGMU mathematical modelling programme.  

The remainder of this section has been included to provide details of the requirement set for the modified power system model. It is however noted that the PGMU PT recognise that certain aspects of the model may be constrained through use of the baseline model.
4.2 Environment

In accordance with the MoD objective to improve configuration control and compatibility of platform mathematical models, the development of a common blockset library has been procured by DE&S (Defence Equipment and Support).  This blockset library has been named the AEP3 (Advanced Electric Power and Propulsion Project) blockset and shall be used as a basis for the development of the PGMU mathematic model. 
The following environment restrictions apply:

· The PGMU mathematical model shall be compatible for use with the Windows XP Professional (or later versions) operating system.

· The PGMU mathematical model shall be compatible for use with Matlab version 2012b – Simpowersystems. 

4.3 Style
These style requirements apply to all model components and their interrelationships:
· The model components shall be implemented in a modular architecture that will topologically resemble the system architecture outlined in Figure 1 and enable individual components to be developed and tested independently.

· The model shall be developed in such a way as to ensure that it is possible to automatically generate visual representations of the model architecture including model components and data flows.

· A consistent style shall be applied to all model components and their interrelationships. Due to the anticipated distributed modelling of system elements between organisations as part of the wider modelling exercise an agreed modelling environment and modelling processes (e.g. coding standards) will be discussed and agreed with the PGMU team.

4.4 Inventory
The model shall include the following components at a minimum.  It shall be noted that only blocksets impacted by the PGMU project shall require to be modified as part of the Phase 2 contract.
4.4.1 Motor Generator

Motor Generator; shall contain representations of:
· Induction motor;
· Synchronous machine;
· Automatic Voltage Regulator (AVR);

The motor generator shall be capable of starting in ‘soft’ and ‘hard’ start modes.
It shall be noted that the model of the Motor Generator set, and the associated control systems produced during the development of the baseline model shall require to be modified under this contract to reflect the new equipment procured as part of the PGMU project.

4.4.2 Diesel Generator
Diesel Generator; shall contain representations of:
· Prime mover;

· Governor;

· Synchronous machine;

· AVR and exciter.
The diesel generator shall operate in both 600V and 450V modes.
It shall be noted that the model of the Diesel Generator set, and the associated control systems produced during the development of the baseline model shall require to be modified under this contract to reflect the new equipment procured as part of the PGMU project.
4.4.3 Propulsion Motor Circuit
The propulsion motor circuit shall comprise of 2 in number 6 pulse half controlled thyristor rectifier units (complete with filtering) connected individually to 2 in number DC motors.
It shall be noted that although the model of the propulsion motor circuit equipment shall not be modified by the PGMU project minor changes may be required as part of the further validation of the baseline model.
4.4.4 Chilled Water Plant

The chilled water plant is represented by a 125kW asynchronous motor started direct on-line as this is the dominant electrical load within the plant.

It shall be noted that although the model of the chilled water plant shall not be modified by the PGMU project minor changes may be required as part of the further validation of the baseline model. 
4.4.5 Main Supply Circuit Air Circuit Breakers
The main supply circuit ACBs shall be modelled as isolator switches with connection/disconnection switching functionality.
4.4.6 AC Main Power Cabling
The main power cabling shall be modelled as line impedances of equivalent resistance and reactance to the proposed installed cabling.

4.4.7 Chilled Water Plant

The chilled water plant is represented by a 125kW asynchronous motor started direct on-line as this is the dominant electrical load within the plant.

It shall be noted that although the model of the chilled water plant shall not be modified by the PGMU project minor changes may be required as part of the further validation of the baseline model. 
4.5 Measurements

The following signals shall be available for measurement at any point in the relevant

electrical / mechanical system and recorded where required for scenario analysis:
4.5.1 General
· Instantaneous voltage in the electrical system.
· Instantaneous current in the electrical system.
· Instantaneous electrical power (real and reactive) in the electrical system.
· Instantaneous power factor in the electrical system.
· Frequency in the electrical system.
· Rotor load angle in the asynchronous machines. 

· Shaft speed at relevant points in the mechanical system.
· Torques at relevant points in the mechanical system.
· Control system response for any open or closed loop control systems in the electrical system.
· Control system response for any open or closed loop control systems in the mechanical system.
· Breaker states for any switchboards or breakers in the electrical system.
· Total Harmonic Distortion (THD) in the 450V and 600V electrical system.

It is accepted that THD measurement may be best achieved through post-processing of simulation data rather than dynamic calculation.

Specific signals based on inventory items:
4.5.2 Motor Generator 
· Active power
· Reactive power
· Power conversion efficiency
· Synchronous machine line voltage
· Synchronous machine line current
· Synchronous machine phase voltage
· Synchronous machine phase current
· Synchronous machine power factor

· Synchronous machine rotational speed
· Ratio of synchronous machine mechanical speed to electrical speed.
· Induction motor voltage
· Induction motor current
· Induction motor power factor
· Induction motor rotational speed
4.5.3 Propulsion motor 
· Torque
· Shaft speed
· Current
· Voltage
4.5.4 Propulsion converter
· AC current
· AC voltage
· DC current
· DC voltage
· Converter switching pulses
4.5.5 Diesel Generators
· Torque
· Power
· Rotational speed
· Throttle setting
· Generator voltage
· Generator current
· Generator torque
· Generator power
4.5.6 AVR and Exciter
· Current and power measurements (as appropriate for implementation)
4.5.7 AC switchboard
· Breaker state
4.6 Verification

Verification shall be undertaken in accordance with the internal procedures of the modelling

team. This verification process shall be documented to be included within the mathematical modelling report.
This verification process shall assess:
· The underlying suitability of the mathematical equations used to represent the modelled system.

· The fitness for purpose of the delivered models to address the questions posed in this requirements document.
· The adherence of the delivered models to all quantitative and qualitative aspects of the modelling referent.

4.7 Fidelity
To allow for system harmonic analysis the following inventory items shall require to be of high fidelity level (as defined in Def Stan 61-55).  All other inventory items shall require to be of medium fidelity level at a minimum. 

· Diesel Generators
· Motor Generators
· Propulsion Convertor
· Propulsion Motor

· 600V Main Power Cabling

· 600V Air Circuit Breakers

4.8 Efficiency

It shall be necessary for the contractor to undertake formal verification of the models efficiency. This verification process shall asses:

· The efficiency of all items of inventory listed above;

· The efficiency of the delivered power system representations;

· The efficiency of loading and modifying model parameters.

4.9 Repeatability
There is no requirement to include stochastic processes within the scope of this work. Simulating the same scenario across multiple platforms shall produce the same results (given identical simulation parameters and hardware/software specifications). The acceptable error is to be no higher than can be attributed to differences in the hardware used.

In the event that models are developed across multiple platforms, it is required that the repeatability be tested.

4.10 Accreditation
At present, there is no requirement for accreditation of the models presuming that the verification and validation activities are comprehensively completed.  Full details of the verification and validation process followed are to be detailed in the report.
4.11 Scenarios 

The scenarios listed are not intended to be exhaustive as it is envisaged that emerging scenarios of interest may be realised at a later date during detailed design.  Any emerging requirements shall be agreed with the contractor.  
The tender submission shall provide details of any additional proposed scenarios with full justification.
The scenarios which shall be modelled at a minimum are detailed in Annex A.

4.12 Usability

The chosen hardware/software development environment, choice of model style and architecture, and approach to model documentation is required to enable a competent engineer, unfamiliar with the model, to initiate a preconfigured model simulation in less than half an hour when provided with suitable documentation.  Suitable documentation shall included a user guide, and shall be delivered as an annex to the report.
The chosen hardware/software development environment, choice of model style and architecture, and approach to model documentation is required to enable a competent engineer familiar with the underlying systems but unfamiliar with the development environment to become proficient at model development with up to two days of training.
4.13 Visibility

No components shall be invisible. The exception to this shalll be in the case that the model development organisation wish to protect specific IPR associated with the model construction. In this instance, the reasons for requiring IPR protection must be justified and agreed with the PGMU team.
4.14 Parameterisation

All modifiable parameters in all components are to be available.

No parameters are to be concealed, unless they will be fixed throughout all analysis and their values appropriately documented. The exception to this will be in the case that the model development organisation wish to protect specific IPR associated with the model. In this instance, the reasons for requiring IPR protection must be justified and agreed with the PGMU team.

5 General Business 

5.1 GFE Items

On contract award the PGMU PT shall issue the contractor with the following items of documentation at a minimum to assist in the modelling development and verification activity: 
It shall be noted that equipment and system test reports shall be made available following completion of the test events. As detailed previously it is expected than these test events shall be conducted between March 16 and end of August 2016.

· Type 23 Power System Mathematical Model (from phase 1 of the PGMU mathematical modelling programme) – available March 2016.
· Type 23 Frigate Power System Mathematical Modelling Report (from phase 1 of the PGMU mathematical modelling programme) - available March 2016.
· Replacement Diesel Generator Set Interface Data Requirement List (contains full details of machine electrical parameters) - available March 2016.
· Replacement Motor Generator Set Interface Data Requirement List (contains full details of machine electrical parameters) - available March 2016.
· MG FAT Test Forms/Test Reports - available May 2016.

· DG FAT Test Forms/Test Reports - available June 2016.

· DG/MG FAT Test Forms/Test Reports - available July 2016.

· Super FAT Test Forms/Test Reports - available July/August 2016.

· Type 23 Frigate Electric Propulsion System Pre-production Phase Power System Design Report - Volume 1, Dated April 1985; - readily available.
· BR 6500(109) Main Electrical Power System – Type 23 Frigate, Dated May 1996; - readily available.
· BR 6500(110) Main Electrical Power System (FIDA) – Type 23 Frigate, Dated March 1997; - readily available.
· BR 6500(112) Main Electrical Power System Control Equipment – Type 23 Frigate, Dated October 1995; - readily available.
· BR 6500(113) Main Electrical Power System Distribution Equipment – Type 23 Frigate, Dated April 1998; - readily available.
· BR 6500(513) SACE Novamax Air Circuit Breakers – Type 23 Frigates, Dated June 1988; - readily available.
· BRF 6563(001) Electric Propulsion Thyristor Convertor and Regulator – Type 23 Frigates, Dated March 2013.  - readily available.
· BRF 6563(002) Electric Propulsion Motor 750V DC 1.5MW, Dated June 1998; - readily available.
5.2 Meetings
The Contractor shall be required to attend monthly project review meetings within the agreement price.  Project review meetings shall:

· be held at regular intervals throughout the contract ;

· be held on the Authority’s premises;

· must be attended by suitably empowered and qualified personnel;

· must include a presentation and demonstration of project progress (including details of validation & verification and simulations where suitable).
The contractor shall provide minutes of the meetings no later than 5 working days after the date of each meeting. 

5.3 Project Reports

Prior to each progress review meeting (with the execption of the project initiation meeting) the Contractor shall provide a Project Report no later than 5 days before the meeting date.  The project report shall include at a minimum:

· the status of project progress (including verification, validation and simulation);

· details of any assumptions made with respect to the modelling activity (including block set parameters);

· risks that have been identified.

5.4 Deliverables
The Contractor shall prepare, deliver and maintain (as required) the following deliverables:
	Deliverable Title
	Completion Date

	Project Initiation Meeting 
	No later than contract award + 10 days

	Project Initiation Meeting Minutes
	Project initiation meeting + 5 days

	Project Progress Report No. 1
	Project Progress Review meeting 1 – 5 days

	Project Progress Review Meeting 1
	Project initiation meeting + 1 month

	Project Progress Review Meeting 1 Minutes
	Project Progress Review meeting 1 + 5 days

	Project Progress Report No. 2
	Project Progress Review meeting 2 – 5 days

	Project Progress Review Meeting 2
	Project initiation meeting + 2 months

	Project Progress Review Meeting 2 Minutes
	Project Progress Review meeting 2 + 5 days

	Project Progress Report No. 3
	Project Progress Review meeting 3 – 5 days

	Project Progress Review Meeting 3
	Project initiation meeting + 3 months

	Project Progress Review Meeting 3 Minutes
	Project Progress Review meeting 3 + 5 days

	Project Progress Report No. 4
	Project Progress Review meeting 4 – 5 days

	Project Progress Review Meeting 4
	Project initiation meeting + 4 months

	Project Progress Review Meeting 4 Minutes
	Project Progress Review meeting 4 + 5 days

	Project Progress Report No. 5
	Project Progress Review meeting 5 – 5 days

	Project Progress Review Meeting 5
	Project initiation meeting + 5 months

	Project Progress Review Meeting 5 Minutes
	Project Progress Review meeting 5 + 5 days

	Type 23 Power System Mathematical Model (updated baseline model)
	Project kick-off meeting + 6 months

	Type 23 Power System Mathematical Model (new PGMU model)
	Project kick-off meeting + 6 months

	Type 23 Frigate Power System Mathematical Modelling Report
	Project kick-off meeting + 6 months

	Project Final Presentation Meeting
	Project kick-off meeting + 6 months


Table 1 - Project Deliverables
The requirements of the mathematical model are outline in Section 4 above.  

The requirements of the Mathematical Modelling Report are as follows:

· At a minimum the report shall provide full details of the model development, validation and simulations carried out.  

· A high level analysis of the simulation results shall be carried out of the modified power system against the existing (baseline) power system.  This analysis shall identify any significant areas of system performance variation between the two modelled systems.  
· The report shall include a description of the model architecture and component data interfaces, with justifications in the form of references to descriptions of the underlying physical system.
· The report shall include a description of modelled behaviour for each individual component, including consideration of fidelity and including references providing traceability from modelled behaviours back to descriptions of the underlying physical system. 

· Listings of model assumptions, limitations, exclusions, approximations and uncertainties.
· A user guide as described above.  The user guide shall provide details of custom interfaces as required.
5.5 Technical Queries
The Contractor shall respond to technical queries raised by the PGMU project team within 10 working days.

6 Abbreviations, Acronyms and definitions
	A
	

	ACB
	Air Circuit Breaker

	B
	

	C
	

	D
	

	DG
	Diesel Generator

	E
	

	F
	

	G
	

	H
	

	HAT
	Harbour Acceptance Trial

	I
	

	J
	

	K
	

	L
	

	LIFEX
	Life Extension

	M
	

	MCAS
	Machinery Control and Surveillance System

	MG
	Motor Generator

	MoD
	Ministry of Defence

	N
	

	NDP
	Naval Design Partnering Team

	O
	

	OSD
	Out of Service Date

	P
	

	PECP
	Primary Electrical Control Panel

	PGMU
	Power Generation and MCAS Update

	Q
	

	QPS
	Quality of Power Supply

	R
	

	S
	

	SAT
	Sea Acceptance Trial

	SECP
	Secondary Electrical Control Panel

	SONAR
	Sound Orientated Navigation and Range

	SoW
	Statement of Work

	SS
	Shore Supply

	T
	

	TRU
	Transformer Rectifier Unit

	U
	

	V
	

	W
	

	X, Y Z
	


Table 2 - Abbreviations and Acronym

7 Annex A – LIST OF SIMULATION SCENARIOS
	Simulation Ref
	Physical Test Ref.
	Simulation Type
	No. of DGs
	Validation or Extension
	Simulation Requirement
	Simulation Details
	Phase 1 FNC Ref

	MMPH2-1
	DGFAT-31
	DG Load Steps 
	1
	Validation
	A simulation is required to validate the DG speed governor and voltage regulator response characteristics.  
	The DG is to be subjected to a number of load step transients in accordance with Def Stan 08-142 Paras 4.1.c, 4.3.a & 4.3.c.  

For this simulation the existing load step test route, as used by the Dockside Test Organisation shall be used.  Test forms detailing this routine shall be made available to the contractor. 
	1

	MMPH2-2
	MGFAT-4
	MG Load Steps
	0
	Validation
	A simulation is required to validate the MG voltage regulator response characteristics.  
	The MG is to be subjected to a number of load step transients in accordance with Def Stan 08-142 Paras 4.1.c, 4.3.a & 4.3.c.  

For this simulation the existing load step test route, as used by the Dockside Test Organisation shall be used.  Test forms detailing this routine shall be made available to the contractor. 
	4

	MMPH2-3
	DGMGFAT-1
	MG Start from 1DG (unloaded) - Soft

[Ref MG Start 1]
	1
	Validation
	A simulation is required to be carried out to verify/validate the motor generator starting characteristics.  

Ref - Standard operating procedure iaw BR6500(109) Cat 2 Para 34-48.
	1 X DG unloaded, operating in the 600V mode.  DG AVRs set to reduced excitation ceiling level.  Close MG Supply Breaker.
	3

	MMPH2-4
	DGMGFAT-2
	MG Start from 1DG (unloaded) - Normal
	1
	Validation
	A simulation is required to be carried out to verify/validate the motor generator starting characteristics.  
	1 X DG unloaded, operating in the 600V mode.  DG AVRs set to normal excitation ceiling level.  Close MG Supply Breaker.
	2

	MMPH2-5
	DGMGFAT-3
	MG Start from 1DG (loaded) - Soft

[Ref MG Start 4]
	1
	Validation
	A simulation is required to be carried out to verify/validate the motor generator starting characteristics.  

Ref - Switchboard Drills as described by MTAU on meeting 9/12/2015.
	1 X DG loaded to ~150kW by propulsion load, operating in the 600V mode.  DG AVRs set to reduced excitation ceiling level.  Close MG Supply Breaker.
	16

	MMPH2-6
	SFAT-1
	MG Start from 2DG (unloaded) - Soft
	2
	Validation
	A simulation is required to be carried out to verify/validate the motor generator starting characteristics.  

This test is required to determine if the either of the DG feeder breakers trip during the starting transient. 
	2 x DGs (operating in parallel) unloaded.  DG AVRs set to "soft".  Close MG Supply Breaker.
	13

	MMPH2-7
	SFAT-2
	MG Start from 2DG (loaded) - Soft

[Ref MG Start 3]
	2
	Validation
	A simulation is required to be carried out to verify/validate the motor generator starting characteristics.  

Ref DG BCD Para 0627 - This simulation is required to determine if the 450V output of the running MG falls outside QPS limits during the starting of the second MG set. 
	2 x DGs (operating in parallel) loaded by MG set loaded to 110% of power rating .  DG AVRs set to "soft".  Close second MG Supply Breaker.
	14a

	MMPH2-8
	SFAT-3
	MG Start from 2DG (loaded) - Soft

[Ref MG Start 2]
	2
	Validation
	A simulation is required to be carried out to verify/validate the motor generator starting characteristics.  

Ref 6500(109) Cat 2 Para 112-114 - This simulation is required to determine if the 450V output of the running MG falls outside QPS limits during the starting of the second MG set. 
	2 x DGs operating in parallel feeding a local MG loaded to 50% and propulsion load of 150kW, start other MG via 600V I/C. DG AVRs set to Soft.
	15

	MMPH2-9a
	SFAT-4
	1DG Loss from 2DGs
	2
	Validation
	A simulation is required to be carried out to verify/validate the response of the system following the disconnection of a connected generator. 
	2 x DGs (operating in parallel) both loaded to 55% rated load by combination of 2x MG.both loaded to 50% and static load (topping up load to 55% on DGs).  1 x DG feeder breaker opens.  

Simulate prop convertor and hotel load dump impact. - This test is used to inform MEPS shaft limits.

It shall be noted that the factory test shall use 1x MG only with remaining load provided by static load bank at a suitable power factor. 
	 

	MMPH2-9b
	n/a
	1DG Loss from 2DGs
	2
	Extension
	A simulation is required to be carried out to verify/validate the response of the system following the disconnection of a connected generator. 
	2 x DGs (operating in parallel) both loaded to 85% rated load by combination of 2x MG. both loaded to 50% and static load (topping up load to 85% on DGs).  1 x DG feeder breaker opens.  

Simulate prop convertor and hotel load dump impact. - This test is used to inform MEPS shaft limits.

It shall be noted that the factory test shall use 1x MG only with remaining load provided by static load bank at a suitable power factor. 
	10

	MMPH2-10
	n/a
	1DG Loss from 3DGs
	3
	Extension
	A simulation is required to be carried out to verify/validate the response of the system following the disconnection of a connected generator. 
	3 x DGs (operating in parallel) both loaded to 85% rated load by combination of 2x MG. both loaded to 75% and static load (topping up load to 85% on DGs).  1 x DG feeder breaker opens.  

Simulate prop convertor and hotel load dump impact. - This test is used to inform MEPS shaft limits.
	11

	MMPH2-11
	n/a
	1DG Loss from 4DGs
	4
	Extension
	A simulation is required to be carried out to verify/validate the response of the system following the disconnection of a connected generator. 
	4 x DGs (operating in parallel) both loaded to 85% rated load by combination of 2x MG. both loaded to 85% and static load (topping up load to 85% on DGs).  1 x DG feeder breaker opens.  

Simulate prop convertor and hotel load dump impact. - This test is used to inform MEPS shaft limits.
	12

	MMPH2-12
	SFAT-5
	Propulsion Load Ramp up from 2 DGs (half ship set)
	2
	Validation
	A test is required to determine system  performance during full application of propulsion power.
	2 x DGs (operating in parallel) loaded (dynamically) with 1MG set at 85% - Half Ship Set -  ramp up static (simulate max propulsion power ramp rate)
	17

	MMPH2-13
	SFAT-6
	MG Loss from 2DGs
	2
	Validation
	A simulation is required to determine the system recoverability performance from the loss of a MG set.  This includes the DG set recoverability and remaining MG set recoverability when subject to a load swing (from ACOS loads). 
	2 x DGs operating in parallel, (1 FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 50% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  MG supply breaker opens. 

It is noted that for the test only 1 MG shall be available therefore this MG shall be loaded to 50% and the static load bank shall be required to be loaded to make up the 85% load on the DGs.
	18

	MMPH2-14
	n/a
	MG Loss from 3DGs
	3
	Extension
	A simulation is required to determine the system recoverability performance from the loss of a MG set.  This includes the DG set recoverability and remaining MG set recoverability when subject to a load swing (from ACOS loads). 
	3 x DGs operating in parallel, (12FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 75% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  MG supply breaker opens. 
	20

	MMPH2-15
	n/a
	MG Loss from 4DGs
	4
	Extension
	A simulation is required to determine the system recoverability performance from the loss of a MG set.  This includes the DG set recoverability and remaining MG set recoverability when subject to a load swing (from ACOS loads). 
	2 x DGs operating in parallel, (1 FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 85% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  MG supply breaker opens. 
	21

	MMPH2-16
	SFAT-7
	Propulsion Load Loss from 2DGs
	2
	Validation
	A simulation is required to determine the system recoverability performance from the loss of a propulsion load.  This includes the DG set recoverability and remaining MG set recoverability when subject to a load swing (from ACOS loads). 
	2 x DGs operating in parallel, (1 FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 50% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  Propulsion Convertor supply breaker opens. 

It is noted that for the test only 1 MG shall be available therefore this MG shall be loaded to 50% and the static load bank shall be required to be loaded to make up the 85% load on the DGs.
	19

	MMPH2-17
	n/a
	Propulsion Load Loss from 3DGs
	3
	Extension
	A simulation is required to determine the system recoverability performance from the loss of a propulsion load.  This includes the DG set recoverability and remaining MG set recoverability when subject to a load swing (from ACOS loads). 
	3 x DGs operating in parallel, (2FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 75% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  Propulsion Convertor supply breaker opens. 
	22

	MMPH2-18
	n/a
	Propulsion Load Loss from 4DGs
	4
	Extension
	A simulation is required to determine the system recoverability performance from the loss of a propulsion load.  This includes the DG set recoverability and remaining MG set recoverability when subject to a load swing (from ACOS loads). 
	4 x DGs operating in parallel, (1 FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 85% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  Propulsion Convertor supply breaker opens. 
	23

	MMPH2-19
	SFAT-8
	Chilled Water Plant Start from 2DGs via MG
	2
	Validation
	A simulation is required to determine the system recoverability performance during a chilled water plant start
	2 x DGs operating in parallel, (1 FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 50% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  CWP breaker closes. 

It is noted that for the test only 1 MG shall be available therefore this MG shall be loaded to 50% and the static load bank shall be required to be loaded to make up the 85% load on the DGs.
	24

	MMPH2-20
	n/a
	Chilled Water Plant Start from 3DGs via MG
	3
	Validation
	A simulation is required to determine the system recoverability performance during a chilled water plant start
	2 x DGs operating in parallel, (1 FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 50% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  CWP breaker closes. 

It is noted that for the test only 1 MG shall be available therefore this MG shall be loaded to 50% and the static load bank shall be required to be loaded to make up the 85% load on the DGs.
	25

	MMPH2-21
	n/a
	Chilled Water Plant Start from 4DGs via MG
	4
	Validation
	A simulation is required to determine the system recoverability performance during a chilled water plant start
	2 x DGs operating in parallel, (1 FWD & 1AFT) loaded to 85% by 2 x MGs loaded to 50% and Propulsion Power (top-up).  DG AVRs set to normal excitation.  CWP breaker closes. 

It is noted that for the test only 1 MG shall be available therefore this MG shall be loaded to 50% and the static load bank shall be required to be loaded to make up the 85% load on the DGs.
	26

	MMPH2-22
	n/a
	Steady State Harmonic Content.
	2
	Extension
	System harmonic profile - simulation to validate the equipment impedance and filtering data. Specifically the Propulsion Convertor block set.
	Simulate variation in propulsion load, set points to align with QPS trial data.
	29

	MMPH2-23
	n/a
	Steady State Harmonic Content.
	3
	Extension
	System harmonic profile - simulation to validate the equipment impedance and filtering data. Specifically the Propulsion Convertor block set.
	Simulate variation in propulsion load, set points to align with QPS trial data.
	30

	MMPH2-24
	n/a
	Steady State Harmonic Content.
	4
	Extension
	System harmonic profile - simulation to validate the equipment impedance and filtering data. Specifically the Propulsion Convertor block set.
	Simulate variation in propulsion load, set points to align with QPS trial data.
	31
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