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1 Introduction

This document is one of a set of Design Guidelines (DG) developed by the National Renewable Energy Laboratory (NREL) to assist manufacturers with the task of developing and presenting a comprehensive wind turbine design.  The guidelines provide useful tips for developing, analyzing and presenting a wind turbine design suitable to submit for Type Certification.

The advice provided in this and other DGs is not intended to represent a comprehensive plan for wind turbine design, but instead to complement and suggest alternatives to current design practices.  Following any or all of the suggestions set forth in this or any DG will not inherently improve a design or guarantee its Type Certification, nor does it relieve its designers, engineers or manufacturers of any liability.

2 Scope

This Design Guideline collects the requirements of the most important applicable international standards and does not add additional requirements. It contains, instead, many suggestions to conduct, track, and document the design of the Control and Protection System for wind turbines.  It is one of a suite of Design Guidelines intended to assist with the application of the International Standards listed in section 3.

3 Relevant Recognized Standards and Guidelines

The following is a list of standards, guidelines and other documents both referenced in this text, and considered useful corollary material for the reader.  At the time of publication, the editions indicated were valid.  All listed documents are subject to revision, and the reader is encouraged both to apply the most recent edition and record the edition of any documents applied in the design process.

3.1 International Standards

IEC WTGS 01:
Wind turbine generator systems.  Wind turbine certification

IEC 61400-2: (1998-02)
Wind turbine generator systems.  Safety of small wind turbines

IEC 61400-1 Ed.2: (1998)
Wind turbine generator systems.  Safety Requirements

IEC 1025 (1990-10)
Fault Tree Analysis

IEC 812 (1985)
Analysis Techniques for System Reliability – Procedures for 


Failure Modes and Effects Analysis

IEC/IEV 415: (xx)
International Electrotechnical Vocabulary, chapter 415 – Wind


Turbine Systems

3.2 Design Guidelines

DG01: Loads Analysis Guideline 

DG02: Strength Analysis Guideline

DG03: Yaw/Pitch Bearing

DG04: Gearing Guideline

3.3 Significant Interpretations

Currently none are available.

4 Definitions 

The definitions contained  in [1] are applicable to this document.  The following definitions are repeated for ease of reference

Brake

Device capable of reducing the rotor speed or stopping rotation.

Catastrophic failure

Disintigration or collapse of a component or structure, that results in loss of vital function which impairs safety

Control system

Sub-system that receives information about the condition of a wind turbine and/or its environment and adjusts the turbine in order to maintain it within its operating limits.

Design limits

Maximum or minimum values used in a design.

Dormant Failure

Failure or fault of a components or system which remains undetected during normal operation

Emergency shutdown

Rapid shutdown of the wind turbine triggered by a protection system or by manual intervention

Fail-safe

Design property of an item which prevents its failures or faults from resulting in critical faults

Idling

Condition of a turbine that is rotating slowly and not producing power

Operating limits

Set of conditions defined by the WTGS designer that govern the activation of the control and protection system

Protection system

System which ensures that a WTGS remains within the design limits.

It should be noted that the Protection System is referred to as the Safety System in some non-IEC standards (e.g. [3]).

Safe life

Prescribed service life with a declared probability of catastrophic failure.

Standstill

Condition of a WTGS that is stopped.

Wind Turbine Generator System (WTGS)

system which converts kinetic energy in the wind into electrical energy

For the purpose of this document, the following definitions also apply:

Controller

The part of a system which controls its outputs depending on its inputs.   A controller consists of hardware and may or may not have software.  It implements some control function and may implement a closed loop control algorithm.

State Driven System

A system whose outputs or performance depends not only on the current values of its inputs but also on the historical values of these inputs.   All but the most basic of software based systems are state driven.

Watch dog timer

A fail-safe relay which monitors the state of a software based system.  If the input to the watch dog timer is not periodically updated by software, its relay output will open.

Failure

A failure means something has broken.

Fault 

A fault means some system does not function correctly.  It includes failures of the system.

Shutdown 

This term is used but not defined in the standard.  It is taken to mean that the WTGS is bought to rest or to an idling state, either by the control system or by the protection system.
Trip 

This term is used but not defined in the standard.  It is taken to mean a condition where some measured parameter has exceeded a given value.  This value may be the limit of its normal operating range or may indicate some fault value.

Symbols and Abbreviations (later)

4.1 Symbols

4.2 Abbreviations

5 General

The design and assessment of the control and protection forms an inextricable part of an iterative design process, and the activities are distributed within those of the overall design.

A hypothetical set of design stages could be as follows:

· Concept definition stage (e.g. rotor size, max. power output, number of blades, upwind/downwind, power control technique, braking strategies)

· Initial design stage (e.g. drivetrain layout, gearbox sizing, blade geometry, control actuator type/size, brake actuator size/type, outline of hydraulic systems, one line electrical systems, sensor type/location, design load envelope)

· Specification and structural design stage (e.g. blade structure, brake selection/design, gearbox design, hydraulic/electrical system specification, hub casting, bearing selection, structural check load envelope)

· Detail design stage (e.g. blade design for manufacture, confirmation of bearing specification with manufacturer, practical hydraulic system design, certification load envelope)

· Certification stage (e.g. minor modification to satisfy assessor concerns)

Iteration between any of these stages can be expected with a new design.

Given the above design stages, the control and protection system design generally consists of the following stages:

· Concept definition stage: Identification of control and braking strategies.

· Initial design stage: Identification of system actions (flowchart) and conceptual system diagrams (hydraulic and electrical one-line diagrams)

· Specification and structural design stage: Design of mechanical systems 

· Specification and structural design stage/Detail design stage: Design of hardware electrical/electronic systems, actuator drives and sensors

· Detail design stage: Design of software

The documentation of the design process should be clear and maintained for future reference in justifying design decisions. All revisions of documents should be maintained and change note documentation should indicate the reasons for changes and that they have been reviewed for interaction with other design elements. 

Software should be subject to the same documentation control regime.

Protection system actions may lead to significant demand on structures and actuator systems. In conventional wind turbine concepts, it is possible to avoid such demands influencing the design of load-carrying structures or electrical systems, i.e. these items only need to be sufficient to satisfy the demands of normal starting, stopping and power production activities. This seems to be a reasonable design target.

For a new design, early involvement of any certification assessors is recommended to avoid redesign at later stages.  Control and protection systems documentation should be developed to sufficient level for initial assessment at the end of the initial design stage. At the Specification and structural design stage, this should be revised to a more detailed level and approval sought prior to finalizing load calculations and structural designs.

6 Basic Requirements

IEC 61400-1 section 8 defines the requirements of the Control and Protection System.

Although the protection system and the control often share some components, they are conceptually different and so are addressed in separate sections in this document.

There are 4 sub-sections to section 8

1. General

2. Wind Turbine Control

3. Wind Turbine Protection

4. Functional requirements of the control and protection system

Sections 1, 2 and 4 refer to the control system and sections 1, 3 and 4 to the protection system.

IEC 61400-22, which defines the certification system for WTGS, also treats the control system and protection systems as one.  It requires that the following documentation is assessed :

1. Design and functionality of all elements.

2. Braking system(s) analysis 

3. Fail-safe design of the protection system.

4. Authentication of reliability of all safety critical sensors

5. Description of WTGS modes of operation.

6. Software, including logic and implementation.

It is assumed that a description of the WTGS and its subsystems which will meet the requirements of item (1) above will already exist.

Items 2-4 are dealt with in the protection system section.

Items 5 and 6 are dealt with in the control system section.

7 Protection System Design

The protection system requirements of IEC 61400-1 section 8 are currently less stringent than other national standards.  The following comments and guidelines apply to the IEC standard. Where there are significant differences between the IEC standard and either normal practice or national standards, this is noted.

The following sections give a summary of the requirements of the IEC standard followed by a discussion of some of the requirements. 

There is then a step by step guide for designing the control and protection systems to meet the standard. The discussion does not cover aspects of design that are not relevant to meeting the standard.

7.1 General Requirements of IEC 61400-1 Part 8 for Protection System

The protection system must ensure that the WTGS remains in a safe condition and that it stays within its design limits.

Settings of the protection system shall be protected against unauthorized interference.

The protection system must be designed for fail-safe operation. It shall in general be able to protect a WTGS from any single fault in a power source or in any non-safe-life component within the protection system.

Any interdependent fault or fault that have a common cause shall be treated as a single fault.

The protection system must include at least one system capable of bringing the rotor to rest or to an idling state from any operating condition.  

There must be a mechanism to bring the rotor to a complete stop from a hazardous idling state in any wind speed less than the 1 year expected extreme windspeed (Ve1).

There must be an emergency stop button in every major working place. These must override the control system and cause a machine shutdown
. Disengagement of an emergency stop button shall require an appropriate action.

The protection system must always override the control system. Manual or automatic intervention shall not compromise the protection system.

The automatic restart of a turbine shall not be possible where the shutdown was initiated by an internal fault or trip 
which is critical to the turbine safety.

7.2 Comments and Interpretation

7.2.1 Safe Life Components

The standard makes a distinction between safe life components and non-safe life components.  Safe life is described as a prescribed service life with a declared probability of catastrophic failure.  No minimum figure is given for this probability but it should be presumed that it is close to 1
.

Safe life components are taken to be those components whose safe life either exceeds the life time of the WTGS or which are replaced more frequently than their safe life.  These components must be inspected at regular intervals.

7.2.2 Protection System and Software

Apart form the simplest, non-state driven systems, the reliability of software is not readily calculated and its failure modes are not predictable.  Any state driven software must also be considered to have dormant faults as it is not possible to test all input sequences. 

Although a watch dog timer is a prudent mechanism for monitoring and detecting some software faults, there are a large number of potentially unsafe software faults that will not be detected.

Software based systems are therefore neither fail-safe or safe-life components and cannot be monitored for faults.

Although the standard is not explicit about this, it is considered that software based systems should not form part of the protection system.

There are however large numbers of standalone devices that have traditionally been implemented in hardware but which are now implemented with devices which include some kind of embedded controller and hence software. Where such devices are non-state driven and their function is simple enough to be exhaustively tested, they could be considered for the protection system. These components should be from 
suppliers who are independent of the turbine manufacturer and have some recognised independent approval.

7.2.3 Braking Systems

The standard calls for at least one braking system as part of the protection system.  It is normal practice to have at least two independent braking systems under the control of the protection system.

At least one of the national standards requires two mutually independent braking systems.

In fact, although the IEC standard only calls for one braking system, it effectively 
requires at least 2 in order to meet the requirement for fail-safe operation.  A single braking system would only be acceptable if it and all of its components were either fail-safe or safe life 
components.

The standard requires that there is a means for bringing the rotor to a complete stop. It is not clear whether this means should be activated by the protection system. Since the standard is not explicit about this it can be argued that it does need to be.

There are, however, national standards that require that there is a means to bring the rotor to a complete stop and that this is activated by emergency stop buttons. Designers may therefore wish to meet this requirement even though IEC standard does not require it.

For larger pitch regulated WTGS, it has become common to have independent pitch systems on each blade.  These independent pitch systems are often the only braking systems normally activated by the protection system in order to meet the requirement of bringing the rotor to an idling state from any operating condition.  A mechanical brake which is capable of bringing the rotor to rest from an idling state is often also provided but is only applied by the emergency stop button.

The
 system is fail-safe in that it can reduce the WTGS speed to a safe level even if there is a fault on one of the pitch systems.

The independent pitch systems can collectively be considered as a fail-safe braking system and therefore meets the requirements of the standard.  

If any one of the pitch systems can reduce the WTGS speed to a safe level then for an n bladed WTGS, the independent pitch systems can be counted as n mutually independent braking systems.

However, for independent but identical systems it must be shown that there are no possible common cause faults. Designers should consider the following at a minimum for both the system and all of its components

· Design faults

· Manufacturing or assembly errors.

· Extreme environmental conditions (icing, temperatures, etc )

· EMC and lighting 

· Commissioning (e.g. parameter settings) 

7.2.4 Redundancy

The standard calls for all non-redundant components of the protection system to be analyzed for ultimate strength and fatigue failure and ultimate loads.

It also requires them to meet the requirements of section 8.4. However, as Section 8.4 appears to apply to all components of the control and safety system anyway, this can be taken as read. 

7.2.5 Dormant Faults

Section 8.4 requires that measures shall be taken to reduce the risk from dormant failures.

Specifically, all non-safe life components and systems shall either be fail-safe or shall be automatically monitored.  In either case, failure shall result in a machine shutdown.

There is no requirement to consider single faults in conjunction with dormant faults.

It is however considered good practice to consider single faults in conjunction with dormant faults.

7.3 Design Guidelines

The following sections describe a suggested framework for designing and presenting the protection system.   

All components of the protection system should be fail-safe where possible.

It is assumed that a top level description of the WTGS and its sub-systems already exists.

The approach taken to designing and assessing the protection system is as follows

7.3.1 Define Braking Systems

The braking system(s) to be used by the protection system shall be identified and listed.  The means of bringing the rotor to a complete stop should also be listed or identified.

The list must include either

1. At least one fail-safe braking system triggered by the protection system, or

2. At least 2 non fail safe braking systems triggered by the protection system.

It must also include a means for bringing the rotor to a complete standstill.

	Braking System ID
	Description
	Triggered by protection system
	Triggered by emergency stop buttons
	Fail-safe
	Capable of Bringing Rotor to Stop?

	1
	Pitch system
	Y
	Y
	Y
	N

	2
	High Speed Shaft Brake
	Y
	Y
	Y
	Y


Descriptions of each of these braking systems should be given. This should include and electrical or hydraulic schematics.

7 Define Protection System Parameters

A list of all parameters for the protection system should be defined. This should include both the activation levels for parameters and the IEC design limits.

7 Define Activations

The IEC standard is not specific about which cases should activate the protection system but lists such cases as;

· Overspeed

· Generator overload or fault

· Excessive vibration

· Failure to shutdown following network loss, disconnection from the network or loss of load.

· Abnormal cable twist.

Although this list is only suggested it is recommended that it forms the minimum.

It should be noted that detection of a condition does not have to be direct. For example, failure to shutdown after loss of load could be detected by the resultant overspeed.

Although not required by the IEC standard, it is common practice to have the emergency stop buttons activate the protection system.  This is a requirement in [3].

It is also common practice to include a mechanism for the control system to activate the protection system.  This is often in the form of a watch dog timer.  This is not a requirement of the standard.

Due consideration should also be given to other conditions or events which are specific to the particular WTGS design and which will need to be included in the protection system.  This should include any conditions that could significantly effect design assumptions if they were undetected over a period of time.  For example, pitch imbalance on a WTGS with independently pitched blades may not cause any immediate problems but over quite short periods of time could introduce significant fatigue loads.

All activations of the protection system should be listed in a table as follows

	Activation ID
	Description
	Method of Detection

	1
	Overspeed
	Over frequency relay monitoring pulses from low speed shaft proximity sensor.

	2
	Vibration
	Cup and Ball device triggered by horizontal acceleration of x m/s/s.

	3
	Cable twist
	Limit switches activated by a cam driven via a reducing gearbox from the yaw ring. 

	….
	
	


7 Fail-Safe Operation

Details of the fail-safe nature of the protection system should be given.

This should include any electrical or hydraulic schematics. Where overall electrical and hydraulic drawings of the control and protection system have been provided, separate schematics of just the protection system should be given to clarify the fail-safe nature of the design.

7 Identify all Protection System Components

A list of all the components of the protection system should be created.

	Component ID
	System
	Component
	Description
	Redundant. Y/N
	Safe Life Component.

Y/N
	Fail-safe. Y/N

	1.1
	Overspeed detection A
	Proximity switch
	Sensor xxx detecting holes on HSS brake disk
	Y
	N
	N

	1.2
	
	Overspeed Relay
	Over Frequency relay
	Y
	N
	N

	1…
	
	
	
	
	
	

	2.1
	Overspeed detection B
	Proximity switch
	Sensor xxx detecting holes on Hub
	Y
	N
	Y

	2.2
	
	Overspeed Relay
	Over Frequency relay
	Y
	N
	Y

	2….
	
	
	
	
	
	

	3.1
	Pitch System A
	Blade
	type/specification ref
	Y
	N
	N

	3.2
	
	Bearing
	type/specification ref
	Y
	N
	N

	3.3
	
	Actuator
	Hydraulic ram…
	Y
	N
	N

	3.….
	
	
	
	
	
	


All non-redundant components will have to be either fail-safe or safe life components. 

All non-redundant components will also need to be analyzed for ultimate strength, fatigue failure and ultimate loads.  References to this analysis should be given.

The standard does not require the protection system to detect dormant or non-fail-safe faults in redundant parts of the protection system.  However, it does require that measures are taken to reduce the risk from these and other dormant failures.  This is covered in the control system section of this document.

7 Analysis of Safe Life Components

A list of all of the safe life components should be made.

	Component ID
	Description
	Safe Life (yrs)
	Probability
	Inspection Interval (yrs)
	Replacement Interval (yrs)

	
	
	
	
	
	


References should be given to the calculation of the safe life periods and probabilities.

7 Failure Modes of Non-safe life Components

A list of all of the failure modes of non-safe life components should be made.  It must be demonstrated that the protection system will in general be able to protect a WTGS from any single failure.

Where there is a failure mode of a redundant component that is not fail-safe, then details of its detection should be given.

	Failure ID
	Component ID
	Fault Description
	Consequence
	Detection of dormant fault Required

	
	
	
	
	


The following list gives examples of the types of failures to consider.

1. Wire break/loss of signal

2. Over/under temperature trips

3. Scaling and offset errors of transducers, including drift.

4. Loss of power or of stored energy

5. Failure of contacts to open

6. Failure of valves to operate

7. Loss of input signals

8. Mechanical damage

9. Over/under frequency

10. Over/under voltage

8 Control System Design

IEC 61400-1 section 8 places very few constraints on the control system.

The actual requirements are summarized in the next sub-section.

It is however necessary to document the control system so as to describe the normal operation of the WTGS for the purposes of calculating loads.

8.1 General Requirements of IEC 61400-1 Part 8 for Control System

The control system of the WTGS shall control the operation by active or passive means and keep the operating parameters within their normal limits.

Settings of the control system shall be protected against unauthorized interference.

Any single failure in the sensing or the activation parts of the control system shall not lead to a malfunction of the protection system.

Where different control modes exist (e.g. automatic, manual, maintenance), control in each mode shall override all other control, with the exception of the emergency stop.

Mode selection shall be governed by a selector which can be locked in each position corresponding with a single mode.  Where certain functions are controlled numerically, access codes shall be provided to appropriately select the function.

Measures shall be taken to reduce the risk from dormant failures.  Non-safe life components and systems shall fail to a safe condition or their condition shall be automatically monitored; in either case their failure shall result in a machine shutdown.

8.2 Comments and Interpretation 

The main function of the control system is to control the normal operation of the WTGS.  However, the standard imposes very few constraints on how this is done.

The key points of the control system in the terms of the standard is that it should reduce the risk of dormant faults by automatically monitoring them and causing a shutdown if such faults are detected.  

8.3 Design Guidelines

There are a few general guidelines that should be followed in terms of selection of sensors and general arrangement of the control system.  It is recommended that :

1. All sensors are fail-safe, i.e. any wire breaks or failure to actuate should indicate a reading that corresponds to a fault.

2. All systems and sub-systems are monitored for correct operation. Where the control system requests something to happen, a sensor should be provided to check either directly or indirectly that it has happened. The sensor should require positive activation to indicate correct operation.

3. Due consideration should be given to test requirements, both for type tests of the design and for assembly and commissioning tests of production turbines.  Including test points and test functions in the control system at the design stage can greatly facilitate the test process.

8.4 Describing the Control System

8.4.1 Description of WTGS States

WTGS control systems are generally state driven and a diagram (flow chart) should be produced showing what WTGS states there are and what state changes are possible.  An example is shown below.


[image: image1.wmf]Standby

Power

Production

Powerup

Startup

Synchronization

Shutdown

Manual


8.4.2 Define Control System Parameters

Define all parameters associated with the control system.

8.4.3 Description of Normal Operation in Each State

A description of the normal operation of the turbine in each state should be given, including any sub-states within the state.

Details should be given of how the control system moves between any sub-states and how it exits each state.

8.4.4 Definition of Closed Loop Algorithms

Definitions of any closed loop algorithms should be given, either directly or by reference of other documents.

This should include any control loops for pitch position, yaw position, power regulation, speed regulation.

8.4.5 List of Inputs and Outputs (I/O)

A list of all inputs to and outputs from the control system should be given.  Description and names should reflect the function of the I/O.  For example, inputs should have a name which represents the on state of the input and outputs should have a name which describes the action of the output when it is on.  Each I/O item should be described in terms of 

1. Input or Output

2. Signal Type (analogue, digital, frequency, encoder, …)

3. Sub type (voltage, current, volts free contact, TTL, pnp, npn,…)

4. Scaling and offset.

Due consideration should be given to the following 

1. Signal Conditioning requirements

2. Noise and filtering requirements

3. Bandwidth requirements (analogue signals)

4. Speed of response (digital signals)

8.4.6 List of Alarm Conditions

Alarms indicate that a particular trip or condition has occurred and are used to trigger responses within the control system and to indicate to operators what has occurred.  A list of all alarm conditions detected by the control system should be given.  This should include

1. Alarm ID

2. Description

3. Condition for Alarm to be set

4. Condition for Alarm to be cleared

5. Response to Alarm

9 Testing 

IEC 61400-22 defines the certification system for WTGS.  Section 8.3 defines type testing requirements.

The required type tests are as follows:

1. Safety and function tests

2. Power performance tests

3. Loads measurements

4. Blade tests

5. Other tests which may be required (e.g. electromagnetic compatibility, environmental testing of components)

9.1 Safety and function tests

The safety and function tests must verify the operation of the critical functions of the control and protection system.  They must also demonstrate that provisions related to personnelsafety are properly implemented.

Annex D of the standard gives requirements for safety and function testing.

The general approach described is to first write a test plan.  This must be agreed between the applicant and the Certification Body.

The test plan is then carried out on site and a test report produced.

The critical functions to be tested include :

· emergency shutdown during operation

· power and speed control

· yaw control (including cable unwind)

· operating vibration levels and excessive vibration protection 

· grid loss behaviour

· overspeed protection at rated wind speed or above

· start-up and shutdown above rated wind speed

The test should however include all activations of the protection system.

It is also recommended that the tests include correct operation of all sensors and demonstration of the setting and clearing of all alarms.

9.2 Power performance tests

Power performance tests are to be carried out to provide a documented power curve and predicted annual energy output for the design.  This is covered in detail in IEC 61400-12.

9.3 Loads measurements

The purpose of loads measurements is to validate design calculations.

Annex C of the standard gives minimum requirements for load measurements.

Further guidance for test procedures and evaluation of tests may be found in IEC/TR 61400-13.

A loads measurement program shall be defined and shall include where possible all the design load cases defined in 61400-1.

A statistically significant amount of data for relevant wind speeds and turbulence intensities shall be collected.

Measured data shall at least include:

· loads at critical load path locations in the structure.

· hub height wind speed and wind direction

· ambient temperature

· atmospheric pressure

· rotor speed

· electrical power

· pitch angle

· rotor azimuth

· yaw position

· turbine status

Measured loads may include

· blade root bending moments (flap-wise and lead-lag)

· shaft loads (bending and torque)

· tower top loads (in two perpendicular directions)

· tower base loads (in two perpendicular directions)

9.4 Blade tests

The purpose of blade tests is to verify blade structural design and to assess the suitability of manufacturing processes.   Tests are required for every new type of blade and will generally involve both static and fatigue tests.

Guidance for blade tests are given in IEC/TR 61400-23.
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Appendix A

Computer Programs (CS)

Introduction

Some software is commercially available which may support the control and protection system design. These codes are listed below along with sources to obtain either the programs themselves, or information about them. The capabilities of each of these programs changes occasionally, and the information presented in this Appendix represents the capabilities and available versions of the programs as understood by the author at the time this guideline was released.  This Appendix is by no means comprehensive, and other codes do exist outside those listed herein.

Fault Analysis

Relex Software Corporation

Relex Software Corporation offers software packages including the following:

· Reliability Analysis (failure rate and MTBF)

· FMEA/FMECA

· Fault Tree

· Maintainability Prediction

· Life Cycle Cost

This software is designed for the computer hardware industry and hence the component library is not very helpful to the wind turbine designer.

More information and a free evaluation copy of the software is available at:

http://www.faulttree.com/
ReliaSoft

ReliaSoft offers a suite of software products including the following:

· Life Data Analysis (utilizing multiple Weibull distributions)

· Accelerated Life Testing Analysis (using multiple stress-life relationships)

· Reliable Growth Analysis (to analyse reliability data, time to failure data)

· System Reliability and Maintainability Analysis (reliability, probability of failure, MTF)

This software is used by a variety of customers including automotive and aerospace industries.

More information and a free evaluation copy of the software is available at:

http://www.reliasoft.com/
IsographDirect

Isograpgh Direct offers a suite of software products including the following:

· Fault Tree (fault and event tree)

· FMECA (including component library)

· Reliability Block Diagrams (minimal cut-set, availability, reliability)

· Weibull (analysis of failure and repair data)

No information was found related to the industrial branch of application.

More information and a free evaluation copy of the software is available at:

http://www.isograph.com/
Item Software

Item Software offers a suite of software products including the following:

· Reliability Prediction

· FMECA

· Reliability Block Diagram

This software seems to be used by a variety of custumers including aerospace industries.

More information and a free evaluation copy of the software is available at:

http://www.itemsoft.com/
List of commercial applications and features. 

Appendix B

Checklists (later)

Table B-4 – Evaluation Checklist – Control and Protection System

Appendix C

General Contents of Design Documents (later)
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�PAGE \# "'Page: '#'�'"  �� Frequently used in the standard, Never defined! this guideline should do so perhaps


�PAGE \# "'Page: '#'�'"  �� This word needs to be defined in the standard, this guideline should do so perhaps.
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