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1.0  GENERAL

This document details the minimum requirement for the design, engineering, fabrication, supply, testing, commissioning and project management, for a plant wide asset management solution that includes machinery protection, machinery predictive diagnostics, performance monitoring integrated with process control for the (Enter Name…….) Project. 

It provides for: 

1. Rotating Machinery Protection Systems

2. Rotating Machinery / Field based Asset Data Acquisition, Condition Monitoring and Diagnostics

3. Field based intelligent fixed asset devices (valves and transmitters) including smart digital commissioning capabilities, diagnostics and management

4. Thermodynamic Performance Modeling
5. Machinery/Asset Online Dashboard, Automated Notification System, Web based case history viewer.
6. Integral with process control systems, plant historian, etc.

7. Ability to “enable” Plant-wide Asset Management

1.1 PURPOSE

It is the intent of the (Enter Company Name……….) to implement a world class Plant Wide Machinery / Asset Condition Management program for both rotating machinery and fixed assets associated with the (Enter Name………) Project.  The system shall comprise of a Machinery Protection System and Machinery / Asset Condition Management hardware and software platform with key elements integral with process control.  The Asset Condition Management systems, or ACM, will require a “single platform” approach, capable of providing the most advanced predictive diagnostics, plant wide, of both rotating assets and fixed assets integral with process control.

It is desired to have advanced predictive capabilities covering the following areas:  

1. Turbo machinery start-up, shutdown and production state operations

2. Rolling element bearing machines and gearboxes. 

3. Predictive modeling of systems encompassing rotating equipment, valves and transmitter with recommended actions.

4. Smart valves, transmitters.

As specified in this document, it is desired that process control receive actionable alerts and I&C, Vibration Technicians, and Controls Engineers be provided the tools to make accurate and timely decisions.

It is desired to have multiple integrated technology types to cover the entire plant.  For example:

· Protection, prediction, performance and process control integration for the plant’s most critical machines

· Portable, or offline technologies, for essential machines or fault confirmation on plant’s most critical

· Portable technologies include infra red analysis, oil analysis, sonic scan technology

· Corrective technologies such as alignment and balancing in order to take action after fault confirmation
The objective is to optimize the Owner/Purchaser’s business operations and maintenance through a plant wide systems integration approach.
It is important to have auto diagnostic capabilities for most basic, or universal, fault types, but it is most important to have the most advanced predictive diagnostic tools to identify issues with “Owner/Purchaser’s” machines, “Owner/Purchaser’s” operating processes, so that for any given operating environment, the right business decision can be made to optimize availability or costs depending on the priority at that time.

Maintenance shall have powerful predictive diagnostic capabilities to perform fault identification for planning and root cause.

Operations shall have timely and accurate feedback of pertinent vibration process variables to optimize operations and minimize machinery health impact.

1.2 Overview
A Machinery Protection System (MPS) is required to safeguard against excessive machinery stress, unplanned events, and abnormal situations that may cause threat to life, the environment and plant assets. 
An Asset Condition Management system (ACM) is required to provide advanced predictive rotating machinery diagnostics (online vibration, portable vibration, portable infra red analysis, portable sonic scan analysis, onsite oil analysis, portable corrective technologies (alignment and balance)), predictive smart valve diagnostics, performance monitoring, integral with process control.

1.3 To ensure system integrity and single point responsibility, the Machinery Protection System (MPS) and all components of the Asset Condition Management (ACM) system shall be from the same VENDOR.
2.0 DEFINITIONS AND ABBREVIATIONS

(Enter……As required.  Some examples included below) 

For the purposes of this specification, the following definitions shall apply:

OWNER
- (Enter Name)
CONTRACTOR
- Owner Appointed Engineering Contractor

VENDOR
- Machinery Protection & Asset Condition Management System Supplier  
PROJECT 
- (Enter Name)
ACM
- Asset Condition Management

MPS
- Machinery Protection System

PAM
- Plant-wide Asset Management 

CMMS
- Computerized Maintenance Management Systems

ARP
- Automated Reliability Programs

DBS
- Database Server

IFD
- Intelligent Field Device

PDC
- Portable Data Collector

CCR
- Central Control Room

ESD
- Emergency Shut Down

FAT
- Factory Acceptance Test
FEED
- Front End Engineering Design

I&C
- Instrumentation and Controls (Engineer)

ICSS
- Integrated Control and Safety

I/O
- Input/Output

PAS
- Process Control System, or Process Automation System
PIB
- Process Interface Building
PLC
- Programmable Logic Controller
SIT
- Site Installation Test
SAT
- Site Acceptance Test
3.0 CODES AND STANDARDS 
The MPS and ACM will be designed and fabricated in accordance with Engineering codes and Standards listed in this document. The VENDOR shall be responsible to become knowledgeable of the requirements and adhered to them accordingly. 

The following codes and standards, to the extent specified herein, form part of this FEED document. Where a date is not indicated, the latest edition in force at the time of VENDOR’S proposal shall apply. 

(Enter……as required, some suggestions included)
International Electrical Commission (IEC)

American National Standards Institute, Inc. (ANSI)

Instrument Society of America (ISA)

Institute of Electrical and Electronic Engineers (IEEE)

International Standards Organization (ISO)

National Electrical Manufacturer’s Association (NEMA)

American Petroleum Institute

API - RP550  
Installation of Refinery Instruments and Control Systems

API – RP540 
Recommended Practice for Electrical Installation

API – Standard 670
4th Edition. Vibration, Axial-Position and Bearing Temperature Monitoring 

3.1 OWNER/PURCHASER’S Specifications

(If applicable enter…..as required)
3.2 PROJECT Specifications 

(If applicable enter…..as required. Examples as given ….)
Geographic and Meteorological Data Specification

Package Control Philosophy and Concept

System Cabinets and Unit Control Panels
  

4.0 ENVIRONMENTAL AND OPERATING CONDITIONS

(Enter…….as required)
5.0 HAZARDOUS AREAS

(Enter hazardous area classifications/requirements, or statement, for both transducers/instrumentation located on or about the machines and within interface buildings / control rooms)      

6.0 ROTATING MACHINERY CLASSIFICATION

The requirement for Machinery Protection and Asset Condition Management for plant rotating machinery (or other assets) shall be determined by rated business risk criticality. Rotating equipment will be classified as Critical, Essential, Important, and Secondary.  Classification definition guidelines are provided below together with assigned Protection and Asset Condition Management minimum requirements.

Note: Primary classification of rotating machinery protection / management is not assessed on speed or power rating. The primary factors are personnel/plant safety, the environment and the degree of risk to negatively impact business production / asset life-cycle costs.

6.1 Critical – (Extremely High Business Risk) 

“Critical machinery” defines rotating machinery for which unplanned “unavailability” results in major loss / disruption to plant production and / or can negatively impact product quality. It is equally defined as that equipment for which a failure / continued operation under abnormal situations could present a threat to personnel safety, violate environmental codes and /or cause serious plant asset damage.
Machinery Protection for Rotating Machinery
· Compliant with API 670 4th addition

· Minimum Transducer Application – See Section 8.0
· Protection Instrumentation – See Section 9.0

Asset Condition Management for Rotating Machinery includes;

· Continuous, multi-channel, simultaneous, on-line real-time machinery vibration, axial position, temperature, speed and phase reference data acquisition for live viewing, continuous digital recording (minimum 50 hours) and recording playback
· Real-time, always on, multi-channel simultaneous digital data recorder with a minimum of 50 hours of buffered data that can be extracted and permanently saved

· High resolution spectral data monitoring and digital recording up to 12800 lines

· Field based (not PC based) intelligent data acquisition, monitoring, automated analysis and digital recording
· High resolution trend data at least once per second capability

· Continuous, multi-channel simultaneous dynamic data digital recording (minimum 50 hours) during steady state (normal machine production state)
· Simultaneous, real-time transient data digital recording with true simultaneous live viewing and playback during start-up, shutdown and production state
· PeakVue or equivalent rolling element bearing and gearbox early detection methods capable of trending proportional to problem severity

· Integral with process control to enable abnormal situation prevention and advisory notifications
· Machine performance modelling
· Machine-critical process data correlation. (Data per Appendix I)
· Integral with same vendor process control and tools for 3rd party control system integration
· Complies with the minimum specifications detailed in Section 11
· Same vendor smart valves, predictive valve diagnostic software

6.2 Essential – (High Business Risk)

Essential, describes machinery for which unplanned “unavailability” results in a partial disruption / loss of plant production by as much as 50%. It is equally defined as machinery for which personnel safety, environmental code requirements and maintenance / replacement cost require the prevention of continued abnormal operation / catastrophic failure.      

Machinery Protection

· Online protection, but API 670 protection not required
· Minimum Transducer Application  - See Section 8.0
· Protection Instrumentation – See Section 9.0

Machinery Management includes;

· Continuous on-line real-time machinery vibration, axial position, temperature, speed and phase reference data acquisition

· High resolution trend data capability

· Real time steady state dynamic data
· Field based intelligent data acquisition (not PC based data acquisition)
· Machine-critical process data correlation. (Data per Appendix I)

· Integration with other systems using standard protocols, e.g. OPC.

· Complies with the minimum specifications detailed in Section 11
· High resolution spectral data up to 6400 lines

· High resolution trend data at least once per second capability

· PeakVue or equivalent rolling element bearing and gearbox early detection methods capable of trending proportional to problem severity

· Integral with process control to enable abnormal situation prevention and advisory notifications

· Machine performance modelling
· Machine-critical process data correlation. (Data per Appendix I)
· Integral with same vendor process control and tools for 3rd party control system integration

· Complies with the minimum specifications detailed in Section 11
· Same vendor smart valves, predictive valve diagnostic software

6.3 Important – Medium Business Risk

Machinery for which unavailability involves minimal loss of production and where cost of maintenance and/or replacement requires data collection beyond that provided by a typical portable data collector walk-around program.        

Machinery Protection  – No protection instrumentation required but permanently installed transducers to be connected either wirelessly or other communication protocol integral to the ACM and integral with process control.


Machinery Management includes

· On-line periodic monitoring – Field based real time overall vibration monitoring and same field based scanning condition monitoring.

· Exceptions and/or time based data reporting to server
· Long Term trending

· Two levels of software alarm
· Ability to correlate with other plant process/machinery data points 

· Integral with same vendor process control or third party process control
· Is part of the Critical / Essential machinery software platform

· Transducer Application - See Section 8.5 

6.4 Secondary – Low Business Risk

Typically low cost balance-of-plant rotating machinery for which unavailability involves minimal loss of production, safety / environmental concerns are minimal and where data collection with a period between samples of 15 - 30 days is acceptable.      

Machinery Protection – No protection or permanent transducer installations required (Specify areas where the environment is such that permanent sensors to a switchbox are required. 


Machinery Management includes

· Off-line portable data collection measurements, downloadable to a central data acquisition server integral to the ACM. 

· Correlation with plant process data via the ACM
· Transducer fittings  - See Section 8.6 

7.0 EQUIPMENT CLASSIFICATION 

(If applicable enter specific machine types according to the project and owners requirements. The list provided below is based on typical plant installations) 

Critical Classification equipment shall include, but is not limited to;

Critical 
· Centrifugal Compressors

· Packaged integrally geared, centrifugal plant and instrument air compressors

· Reciprocating compressors

· Steam turbines

· Gear boxes

· Electric Motors driving critical machinery

· High pressure pumps (barrel pumps), and their driver

· Steam and gas turbine driven generator sets, continuous duty

· Extruders

Essential 
· Steam Turbines, general purpose

· Spared Electric motors driving process equipment 

· Spared Centrifugal pumps (hazardous service)

· Fin fans, cooling tower fans, boiler fans and furnace fans

· Spared Boiler feed water pumps and primary cooling water pumps

Important and Secondary
· Balance of plant pumps, rotary pumps and associated Electric Motors

· Gearboxes, general purpose

· Electric motors driving Secondary process equipment 

· Balance of plant fans, all types

8.0 TRANSDUCER - APPLICATION DESIGN 
8.1 The following is the minimum acceptable transducer installation for Critical and Essential rotating machinery employing oil lubricated journal bearings and hydrodynamic thrust bearings:

· Two non-contact proximity displacement transducers in XY configuration to be installed in accordance with API 670 4th edition, at each journal bearing. 

· Up to two non-contact proximity displacement transducers in a dual-voting configuration shall be supported in accordance with API670 4th edition, at each hydrodynamic thrust bearing.

· One non-contact proximity probe to be installed on the driver of each machine train for once-per-rev phase reference measurements. If the machine train comprises of rotating elements operating at differing speeds (e.g. driven element via a gearbox) then a further single non-contact proximity probe must be installed on each of the differing speed elements. For machines with internal-to-cover mounted phase reference transducers, a spare transducer shall be required, with extension lead delivered to the transducer interface housing, external to the machine.   

· For gearbox applications and in addition to the proximity transducers installed about the journal bearings, a case mounted accelerometer should be installed for the detection of gear related information. (preferably aligned with the shaft radial loads which are dependent on direction of shaft rotation and gear tooth pressure angle)
· For pump applications where cavitations is a potential occurrence, then an accelerometer should be mounted on the pump casing near the suction.

8.2 Temperature Minimum - Journal and Hydrodynamic Thrust Bearings

· Two bearing metal temperature sensors installed at each radial journal bearing (1 in use and 1 spare).  Hydrodynamic thrust bearings shall be equipped with temperature sensors in alternate pads of the active side and 2 on the inactive side.  The detectors shall be resistance temperature (RTD) type as specified in API 670 4th edition.

· For journal bearings, the RTD or thermocouples should be installed in the predicted load zone of the journal bearing.

8.3 The following is the minimum acceptable transducer installation specifications for Critical and Essential rotating machines employing anti-friction bearings

· For lightweight aeroderviative gas turbines that employ anti-friction bearings, the preference is for the installation of non-contact proximity transducers to observe the outer race of the installed anti-friction bearing for rotor related and bearing element activity. In addition, and where physically practical, casing vibration-monitoring systems with at least two accelerometers or velocity transducers (90 degrees apart) per bearing shall be utilized.  A third pair of mid-span accelerometers may be desirable on long span turbines. 

· For non-gas turbine applications, preference is for the installation of non-contact proximity transducers to observe the outer race of an anti-friction bearing for rotor related and bearing element activity. Alternately, accelerometers with provision for indication in velocity units shall be installed in XY configuration and in accordance with API670 4th edition. 

8.4 Important Applications

· Transducers with associated monitors shall be permanently installed. All transducers shall be connected via a dedicated wire or wireless network to a data acquisition system that is integral to the ACM. Unless stated otherwise, there shall be one transducer per bearing radially and one sensor axially per shaft.
8.5 Secondary Applications

· Machined surface “flats” shall be provided and “quick-connect” studs shall be installed at one per bearing, to enable the secure and repeatable use of temporary accelerometers or other hand held transducers with portable data collector equipment.
· Where a machinery access is dangerous, permanently installed sensors connected to a rotary switchbox shall be implemented.


9.0 MACHINERY PROTECTION SYSTEM (MPS)
General Description

Machinery Protection shall be a complete, programmable, continuous on-line system that provides monitoring, protection with feed through to ACM. It shall be capable of collecting measurement data, both actual and derived from the plant production assets and provide data to diagnostic tools to assess the condition of the assets. 

As a minimum the system shall be capable of accepting all transducer signals in accordance with API670 4th edition including temperature transducers (both RTD and TC) or 4-20 mA, analog signals. The system shall be capable of export and import of data from one or more external devices e.g. plant process control servers, historians etc. simultaneously, using standard industry protocols and separately, provide static and dynamic output for an ACM system. The configuration and operator software programs shall use Microsoft Windows™.
9.1 Overview of System 

Each protection system shall consist of an instrument rack, redundant power supplies, interface module, communication modules (in particular communication Ethernet gateways), monitoring modules, relay modules, configuration software and all other necessary components to convert the raw probe signals into electronically processed formats. Shutdown signals shall be provided by discrete outputs (relays) and hardwired to the plant emergency shutdown. All hardware components shall be capable of operation between 320 F and 1490 F (00 C and 65 0 C). 

Unless otherwise stated, dedicated racks shall be provided for major CRITICAL classified machinery.

9.2 Rack Chassis

The rack shall have various mounting options to accommodate various installation designs, including a half-size 3U height by 19" wide EIA rack mount. The system and all of its components shall have the EEC recognized CE mark. 

9.3 Power Supplies

Similar to process control safety systems, the machinery protection system shall have true redundant power supply modules that reside outside the rack and operate in auto-changeover mode. Power supplies shall be provided by the vendor, but should also be commercially available for purchase from others.  Failure of one power supply module shall not affect or interrupt the protection and monitoring functions of any module within the rack. Power regulation within the system shall be at the monitor level (not at power supply) so that in the event of a regulator failure, only a single monitor will be affected. 

The power supply shall be internationally approved for UL 60950 and UL 508 for industrial control equipment and approved by Germanisher Lloyd.

It is mandatory that the removal and replacement of a power supply module can be completed while the rack is on-line (i.e. hot insertion) and without affecting the system monitoring or protection functionality. 

The system shall have the following power supply options. 

*
100 to 240 Vac


*
20 to 30 Vdc

9.4 Rack/Monitor Displays

The machinery protection system shall be capable of interfacing with various display options, including a touch screen local display in the remote monitoring cabinet, a dedicated server operator display, plant control system display station or via remote access.
(If applicable) In addition, a rack mount LED display option shall be available.
9.5 Rack Interface

General 

An independent interface module shall be required as a means of interfacing external computers for software configuration of the monitoring modules, relay modules, protection parameters and rack communications.  It shall also be possible to directly connect to each module to directly configure each module thereby increasing security and reducing risk during “hot” configuration and re-configuration.  For example, if one card/module is replaced within the rack, it shall be possible to directly connect to the front of that new module, configure the new module, with no possible access to other rack modules.
A rack interface port that is separate from the configuration port shall be available that connects the monitoring system’s data to the ACM, control system or 3rd party devices.  
 Password protection shall be provided to disable non-authorized external soft-link access to the programmable configurations of the monitoring system. 

Failure or removal of the interface module shall not cause loss of protection functionality within the rack.
9.6 Process Control System Interface/Communication Modules 

General

The machinery protection system shall provide a means by which to interface and communicate with same vendor’s Process Control system or 3rd party Process Control Servers, Machine Control Systems, Distributed Control Systems, Historians and Process Logic Controllers utilizing standard protocols such as OPC and ModBus®.

Communication and integration to same party’s process control system is desired to decrease integration time, add increased value through integration, and add increased value as the system is optimized ongoing.

Communication modules shall be capable of redundant communication ports. 

Communication modules shall include the capability to time and date-stamp all transferable data, alarm and event information.
9.7 Steady State/Transient Data Processor

General

A separate external processor module is required for the interface and communication of static and dynamic waveform machinery data to a dedicated Asset Condition Management Server (ACM). This module must be external to the machinery protection rack to decrease the chance of accidental interference with the machinery protection function.
A web server shall be integrated with this processor such that a user can use Internet Explorer, an IP address and read enough information from the field device to verify the device health.  This is required to help verify or troubleshoot servers, network connectivity and remote devices.  The intention is to minimize complexity when verifying monitoring system operation/health.

The transient processor shall comply with the following minimum requirements:       

Transient processor shall utilize high speed data acquisition, high bandwidth, continuous waveform recording, on all channels simultaneously.

High speed and high bandwidth means continuous digital waveform recording at 12,800 lines of resolution at a maximum frequency of 2 kHz on all channels simultaneously.  This continuous waveform recording should occur during start-up, shutdown and during normal steady state operation.
Continuous digital recording shall be such that at least a 50 hour window of data is always available for manual retrieval.  In addition, auto archiving shall be possible so that a 1 hour continuous digital waveform recording, on all channels, can be sent to a permanent storage device.  It shall be possible to designate the amount of time before and after the event to auto archive (for example 10 minutes before and 50 minutes after the event).

It shall be possible to use external off the shelf storage media, such as network hard drives, for additional continuous digital recording or archival storage capacity when desired.
It shall be possible for multiple events to fire in parallel or in series such that auto-archiving could potentially store greater than 1 hour of continuous data.  Events that can trigger auto archival include vibration alarm, relay input/output change, rpm alarm, position sensor alarm, and temperature alarm shall be definable.
The transient processor shall be capable of monitoring up to 4 machines and 1 speed per machine (4 speed/phase inputs).

It is mandatory for Critical Class, and where applicable Essential Class machines, that the system is capable of acquiring all static and dynamic data in a genuine parallel fashion from all channels within all the racks within an entire plant’s system, simultaneously, and continuously during all machine states. That is, snapshot recordings of transient data, during start-up or shutdown, is not acceptable.
The system must be capable of achieving this in worse case scenario of all machines shutting down at the same time. For this reason, quasi-parallel transient collection, snapshots, scanning or multiplexing systems shall not be permitted.  PC based data acquisition (that is, a data acquisition PC card) is not permitted.  Processing of all data (transient and production state) shall by industrial field based processors, not PC servers.  PC servers shall only be used as a historian and user interface.
The processor shall allow user connections such that the user can view all plot types live.  Connection to processor for live mode shall in no way affect transient data recording or archiving.  For example, a user shall be able to view all plots live during a turbine start-up, and simultaneously the processor shall be capable of storing continuous time waveforms for all channels simultaneously and continuously (no snapshots).  
Plot types described above include:
· Waveform (Cartesian coordinates)

· Waveform (polar coordinates, circular waveform plot)

· Spectrum
· Orbits
· Shaft centerline
· Bode
· Nyquist (Polar)
· Cascade
· Waterfall

· And trends such as rpm, overall vibration, sensor gap or position values
The communication processor must be capable of querying all static data points at the rate of once per second and include the following data set: 

· Overall vibration
· DC gap position
· 1/2X amplitude and phase

· 1X amplitude and phase

· 2X amplitude and phase

· nX amplitude and phase (user selectable and configurable)

The importance of having the continuous time waveform available is such that post processing and replaying of turbine start-ups, shutdowns or production state events are possible, re-filtering of replayed orbits are possible, and 3D modeling and replaying is possible.  Snapshots will not accommodate the desired replay functionality.
9.8 Machinery Protection Modules

General

All vibration, axial position and temperature modules shall comply with API 670 4th Edition. The system shall have the “optional” capabilities to function in a Simple Redundant or Triple Modular Redundant (TMR) configuration. TMR configuration shall allow either bussed (one probe to three monitors) or discrete (one probe to each monitor) input. Shutdown signals from the protection system shall be discrete outputs only and hardwired to the Emergency Shutdown System. The system configuration shall allow Standard, Simple Redundant, and TMR modules to be integrated in one rack. In addition, the following shall apply:

It is mandatory that the removal and replacement of a module can be completed while the system remains on-line (i.e. hot insertion), without affecting other modules monitoring or protection functionality.

All dynamic monitoring modules including but not limited to, vibration, axial position, speed and phase reference modules, shall have one-to-one buffered output raw transducer signals available via connectors located at the front of the monitoring module, on a per channel basis.

As API 670 specifies, Critical and Essential machinery comprising vibration and / or axial position modules for shutdown purposes, shall accept / utilize a maximum input of two channels. In this configuration, if a circuit fails, a maximum of only two channels will be affected.  

Beyond API 670, modules shall be available for the following minimum functions: radial vibration, acceleration, velocity, eccentricity, thrust position, differential expansion, case expansion and valve position. When configured for shaft relative radial vibration the monitor will return the following minimum data; overall direct values, gap, 1X amplitude and phase, 2X amplitude and phase, 1/2X, or optionally Smax. All monitors shall be able to return “OK” status, both within the MPS and to external systems on a “per channel” basis. 

Tachometer modules (where required) shall have a minimum of two channel input capability and be software configurable for the following parameters: rotor speed, rotor acceleration, speed band alarming, and zero speed notification. The tachometer module shall have the ability to provide conditioned phase reference signals to the monitors in the rack.  The tachometer module shall be capable of redundant tachometers with auto failover.  The tachometer module shall perform gap comparison and pulse counting between the two inputs to determine health tachometer operation.  When not used in redundant modes, the two tachometer channels shall be capable of determining rotor rotation direction.  Maximum rotor speed shall always be stored and can be automatically or manually reset by the user.
Temperature modules shall provide one of the following types of transducers with inputs as follow; isolated TC input, non-isolated TC or RTD input or 4 to 20 mA input (and/or can be configured for 0 to 20 mA). The non-isolated version shall allow any combination of RTD or TC input on the same input module. Temperature modules shall include the capability for differential temperature measurements.

Process variable monitors shall allow at least two types of analog input: isolated 4 to 20 mA current input or any non-isolated proportional voltage inputs between -10 Vdc to 10 Vdc. 

9.9 4 – 20mA Output Signals
4 – 20 mA output signals per sensor channel shall be possible, and in addition, delay and averaging of the 4 – 20 mA output signals shall be possible to reduce false alarms if these signals are sent directly to process control.

9.10 Relay Modules

All relays shall be software programmable using logic programming with Boolean operators (AND, OR, and AND AND OR). Up to 60 inputs, 30 expressions and 16 output relays shall be possible per relay card.  At least 30 seconds of time delay shall be possible per relay logic configuration.
9.11 Machinery Protection System Configuration Software

General

The machinery protection system shall be supplied complete with configuration software. For security purposes, configuration shall be by local connection at the monitoring system using a portable laptop computer, only. The software platform shall be Windows™.

The configuration software shall have at least three levels of controlled access to the rack.  
· View only, no configuration possible

· Configuration, maintenance and bypass possible through password protection

· Service personnel commissioning access only, password protection

(Master access to factory settings and password reset function shall be possible in case password on site has been lost.)
For added security, a separate read only software application shall be available to provide to users that do not need access to configuration.  These users shall be able to connect directly to the monitor and view machinery health, rack status information, but will have no access to configuration.
An optional software package shall be available to operators to display bargraph, machine diagrams, trend graphs and alarm/system event lists.  

10.0 ELECTRONIC OVERSPEED DETECTION SYSTEM (If applicable) 
General

Vendor shall have the capability to provide an Overspeed Detection System (ODS) in accordance with API 612 overspeed system requirements.  The following shall also apply;

System shall consist of three monitor modules and their respective input modules. Redundant rack power supplies are required. 

The system shall include an onboard frequency generator on each module that allows simulated overspeed testing through the relay outputs.

The system shall have the option to be configured for either independent or dependent voting.

The system shall have four relay outputs per channel. One relay output shall always be dedicated to overspeed events. The remaining relays shall be configurable for one of the following: overspeed, alert underspeed, alert overspeed, or not OK.

The system shall maintain a peak speed value in non-volatile memory.

The ODS shall accept input from either proximity probes or magnetic pickups.

The ODS shall be TUV SIL 3 certified.

11.0 MACHINERY / ASSET CONDITION MANAGEMENT (ACM)
General

The Asset Condition Management (ACM) system shall comprise of an “on-line” / “off-line” single platform software package, capable of integrating various condition monitoring technology modules for rotating machinery, fixed asset condition management performance monitoring and integration with process control. The ACM system shall be capable of configuring smart valves and transmitters as well as the rotating machinery protection and monitoring system.  It shall be capable of being configured as either a centralized or distributed database network installation with adequate provision for worst-case real time data transfer requirements. The ACM will be capable of integrating within a plant network information system to import and export data including but not limited to, digital process control servers, computerized maintenance management systems (CMMS), plant historians, plant document management systems and automated reliability based maintenance programs. The ACM Server operating system shall be Windows 2000 Server SP4 or Windows Server 2003 R2 with SP2.  Wide area net work requirements are Windows 2000 Terminal Server SP4, Windows 2003 Terminal Server SP1 or Windows Server 2003 R2 with SP2 – with Terminal Server.  Processors should be server-class 3.0 GHz Dual Core, with 2 GB of RAM.  An Ethernet TCP/IP protocol will be required. 

. 

11.1 Basic System Software

The ACM workstation shall employ VENDOR standard software. Customized or hybrid software packages within the same platform shall not be permitted.

VENDOR supplied standard software shall be the latest version of proven design with audit trace-ability to procedures required by national/international standards, i.e. ISO 9001. It shall include a software support plan for a minimum of three years, during which time all revisions will be provided automatically at no additional cost. 

The ACM shall be ModBus compliant to import device or process data into the software and OPC compliant to send vibration data to third party systems, and OPC and ModBus compliant, both input and output for high level machinery health and process system views.  As a minimum, basic software structure shall comprise of:
· Insure database integrity through CRC internal to the database

· Incorporate database scan & utility program which can scan the data for integrity.

· Provides a backup and recovery utility program

· Log capability for data critical applications

· Security measures such as multiple user, password protected user ID, & password protection on each database

· Assign access privileges to applications & functionality within applications

· Employ a fault tolerance or fail over capability

Note:  data acquisition shall not be part of the software.  Data acquisition shall be part of field devices (monitors) such that PC’s and servers will be used for data storage and user interface.

11.2 Condition Management Technology System Software

As a minimum, the ACM system shall comprise of the following major components integrated within a single platform: 
· Equipment monitoring, data management, data analysis, reporting and process control integration

· Multi-technology integration of AC motor analysis, infrared thermography, alignment, balancing, portable and continuous vibration analysis, ultrasonics analysis and oil analysis.

· Management of On-line - Machinery Automated Analysis performed in field device / monitor and managed by software
· Portable analyzer for machinery multi-plane balance

· Storage of transient archives for replay, diagnostics and baseline comparison

· Web based case history viewer accessible plant wide or plant-to-plant

· 3D modelling of machines and dynamic model replay with real machine vibration data both with real-time simultaneous data collection during start-up, coast down, or steady state, and multi-point portable data collector during steady state operation
· 2 kHz, 12400 lines of transient resolution

· 40 kHz, 6400 lines of production state prediction resolution

· Online PeakVue processing for rolling element bearing machines and gearboxes

· On-line or remote - Machine Prediction and/or Performance and Efficiency

· Data Acquisition shall not be part of software, but shall be part of the smart field device / monitor.
· Lube Oil Analysis with onsite hardware or Management of lab data
· Off-line Portable Data Collector with PeakVue processor
· Off-line portable sonic scan hardware and software integration

· Off-line portable infra red hardware and software integration

· Document Management, Access and External link components 

· Reporting tool for business and maintenance management including graphing capabilities

· Automated database building 

· Automated fault analysis

· Statistical Analysis alarm setting

· Data Exporters

11.3 Online Dashboard User Interface

 “Online Dashboard” display client’s main purpose is ease of use, global health and status of machines and systems, integration with process control for process variable correlation, remote and local displays and shall be capable of: 

· Graphical Plant Area representations using embedded and user defined graphics or pictures. 

· Machine Train or Fixed Asset diagrams / geometry using embedded or user defined graphics or pictures.

· Machine Case or Fixed Asset component diagrams / geometry using embedded or user defined graphics or pictures 

· Instrumentation graphics or pictures assigned to a particular asset.

· Machinery Protection System “OK” or “Not OK” condition per channel.

· Current Values for each point assigned to a machine train or fixed asset. For vibration it shall include values for overall values, probe gap (for proximity probe points), 1X and 2X amplitude and phase, alarm status, including monitor or software set points, transducer status, shaft rotation speed, and process variable points.

· Bargraph displays including monitor set points.

· Maintenance and status indicators such as relay bypass or trip multiply enabled.

· Multivariable Trend plots for data correlation including process variable on the same display.

· Time-stamped Monitoring System Event List 

· Time-stamped Machinery Alarm List with sort and alarm acknowledgement features.

· Notification via email, text message or voice mail

· Customizable to add MS Excel objects or other Active X controls (if applicable).  Purchaser/Owner to specify here.
· Ability to provide data via SQL database for use by other programs Purchaser/Owner to specify here.
· Remote Displays through web based clients (intranet or internet) using terminal services or remote display stations via LAN based clients (if applicable)
· Redundant server capable (if applicable)
11.4 Diagnostic Tools

For the vibration analyst, a deeper level of diagnostic analysis shall be possible for maintenance planning, fault diagnostics and root cause analysis.  To make the diagnostic specialist more efficient a diagnostic tool is provided shall be provided as follows:

· The diagnostic specialist will view the Online Dashboard for high level alerts and events that will guide them to perform analysis in specific areas.

· The diagnostic specialist will be able to create a user environment specific to the analysis required in his/her area and specific to each logged-in user.

· User specified environment shall include the specific plots to be displayed depending on the technology hardware collecting the data, the software technology serving the data, the area, machine, sensor or sensors selected.  For example, if user 1 is using portable data collection, and viewing a single sensor, the user shall be able to select waveform, spectrum and trend data in the analysis environment upon initial sensor selection.  The user might have the last N spectrum in view.  If user 2 is using the online live transient environment, and has two sensors selected, the user might choose to automatically display orbits, Bode/Nyquist and cascade plots automatically upon sensor selection.  All plots will be accessible, and user selectable at any time, but the purpose of the user specific plot preferences is to make the user more efficient during the analysis session.
· The user environment default customization shall not be limited to a single display monitor.  The user shall be able to specify which plots will be displayed on “monitor 1” and which shall be displayed on “monitor 2” when dual monitors are in use.

· The user shall have access to live data, online stored data, and portable data for drag and drop comparison between each.

· During transient data replay, the user shall have complete control to filter orbits, and select different plot types as if the user was viewing the event live.

· Subsets of a replay session, or archives, can be created to “zero in” on specific issues, reduce data storage requirements and to ease emailing of data to colleagues for further analysis or second opinions.

· Autocorrelation of waveform shall be possible to aid in the analysis of period anomalies.
· Live and static circular waveform plots shall be possible to provide a visual aide to the analyst in waveform and fault diagnostics.

· Bode plot shall be color coded to indicate data associated with increasing or decreasing speed.

· Fast Trend and Long Term Historical trend data display. During transient conditions, the system shall be capable of collecting static value datasets up to a rate of every 0.1-seconds and 0.1-RPM speed change depending on RPM. The system shall be capable of collecting continuous waveform sets (not snapshots at every 1-second intervals). Static and dynamic spectral band trending is required. There shall be no time-based limitation over which transient trend data is collected, nor shall it be compacted or compressed. Any limitation will only be a factor of size of the media storage device as selected by the Owner. VENDOR shall state storage device minimum requirements.   

· The trend configuration program shall provide an operator with a selectable option for “report on exception”, designed to reduce the number of redundant (non changing) data values stored.  This would be at operator’s discretion. The program shall be able to designate both the amount of change that must occur (in absolute terms), and the time period during which a change must occur before a new sample will be stored in the historical database.

· Time base (waveform) plots.

· Orbital plots. 

· Shaft Centerline plot observing average position of a machine rotor within the bearing.  

· Polar Format Acceptance Region representing vibration vector data as a function of time. The selected vector may be 1X or 2X. A set of software alarms maybe defined for amplitude (minimum and maximum) and phase (minimum and maximum).

· Spectrum displays. 

· Waterfall spectrum trend plot. 

· Trend of cascade plot peak vs. rpm.  That is, the user should be able to select a peak from one cascade spectrum, and trend that peak across the multiple spectrum.
· Bode plots live and as derived from real time transient data.  Increasing and decreasing speed indicated by two different colors on same plot.
· Polar plots live and as derived from real time transient data. 

· Cascade plots live and as derived from real time transient data.  

· Cascade frequency trend window:  Launch trend window for specific frequency point across multiple spectrum.
· Base line data and plot overlay capability.

· Journal entries per channel.

· Document, reporting and case history management entry, access and display per channel, web based. 

· Ability to generate reports by cut-and-paste via clipboard, of plots into other Windows compatible programs. 

11.5 Web Based Case History Viewer

A web based case history viewer is desired so that reporting and sharing of information about the health of a machine can be made available plant wide to appropriate persons responsible for machines, supervisors, planners, plant engineers and plant management.

Summary information by asset type, anomaly type, area of a plant down to detailed information and recommended actions shall be available.

11.6 (if applicable) Intelligent Field Device Management

Smart transmitters and valves will be in use.  The software platform shall be capable of managing these smart devices by configuring the devices and viewing alarms and maintenance actions.  If a common vendor’s process control system is provided, management shall be possible natively in the control environment.

12.0 Plant Process Data
When not same vendor process control system, it is required that all process data acquired by other systems, e.g. Process Control Server, Historian etc., be made available to the ACM via OPC or ModBus protocols. A minimum list of process variable data requirements per machine type is provided in Appendix I.  

13.0 Automated Fault Diagnosing
General

The automated fault advisor shall consist of 2 parts (1) an automatic field based smart monitor and (2) a user interactive software/server based fault advisor.

(1) Field based smart monitoring shall be capable of processing custom vibration analysis parameters.  The results shall be made available, where applicable, directly to process control without passing through the ACM server.  An example would be a cavitation parameter provided to an operator so the operator could take action.
(2) The ACM software shall consist of a software-based rotating machinery knowledge base capable of diagnosing malfunction, offering suggestions, providing percent confidence levels, and making the decision tree available so the user can see how the conclusion was reached.
(Owner/Purchaser will provide machinery physical information for the following machine types so that configuration of the fault advisor can be optimized.) 
13.1 Field-Based Automated Diagnosis
The field based hardware shall be event driven to monitor specific machines, and specific processes, and be capable of adapting the monitoring strategy based on changing process conditions, and be able to directly communicate results to same vendor’s process control system or via open standards to 3rd party process control systems.  Results shall also be integrated with the ACM.

The purpose of the automated field based monitoring is (1) predictive analysis, long term planning, and reducing false alarms that may be simply due to process changes (such as changing loads, pressures, levels, etc.) and (2) so that results can be communicated directly to process control (not through a PC/server) in the case that operator feedback is required to optimize or minimize machine health impact due to operator action.

The field based automated diagnosis shall perform machine audits, that is, automatic diagnosis and analysis of rotating machinery in the following manner

· Continual, report upon exception, configurable per sensor

· Upon event – adapt diagnostics upon changing machine states, vibration change, etc., configurable per sensor

· Upon alarm – adapt diagnostics upon changing alarm, configurable per sensor.

· By schedule  - once per hour, day, week, that is on a time basis configurable per sensor
· Upon request – User shall be able to demand a remote, custom analysis.
13.2 PC/Server Based Fault Advisory
Machinery static and dynamic vibration data shall be input to the server-based Fault Advisory Module.  It is understood that Owner/Purchaser will provide machinery physical dimensional information (bearing and rotor) in order to be able for server/PC based audits to be effective.

The fault advisory module shall be a tool for the analyst to manually run, when desired, to confirm his/her diagnosis, provide a second opinion, and even help train the user on rules for diagnosing faults.

The fault advisory shall take in real machine configurations to help it determine faults, determine % confidence and severity.

Typical information configured shall be turbine type (HP, IP, LP, etc), bearing types (radial, thrust, manufacturer, number of tilting pads, etc.), motor manufacturer (number of rotor bars, name plate data, etc.)

Each audit shall return the following minimum information;

· Where the fault occurred

· Whether the data used in the audit was sufficient or otherwise

· How severe the problem is

· What the problem is

· When it occurred
· Rules that helped determine the problem 
The system shall have the capability to provide documented back-up evidence of each resultant malfunction.

The system shall have the ability to assign severity levels to each abnormality or malfunction. 

As a minimum, the system shall be capable of automatically detecting the following malfunctions:

· Shaft Bow 

· High Synchronous Vibration 

· Fluid Induced Instability (Whirl and Whip) 

· Radial Pre-load Forces (Including Misalignment) 

· Acceptance Region Violation 

· Rotor Rub 

· Loose Rotating Parts 

· Pump Cavitations 

· High Runout 

· Gear Mesh Anomalies 

· Blade Pass Anomalies (With case mounted accels.) 

13.3 Dashboard View, Graphical User Interface
The “Dashboard” view is a high level, live view for operators or maintenance that provides alerts and consolidated views of both machine health information and process parameters.

In some cases, the operator view will be provided with same vendor’s process control system.  The process control displays will be process parameter focused with a few machinery health parameters.

A Dashboard view for maintenance should have a machinery health focus with a few key process parameters to help direct maintenance to areas that require a more detailed look, more analysis or reporting.

The Operator Dashboard shall produce only information critical to operations and that should be acted on immediately.  For example, sensor failures, monitoring system failures, relay bypass enabled, etc.  The other purpose of the Operator Dashboard is to correlate machinery health (vibration and position data) with process data to provide a high level machinery health view for operations when desired.

When specific or unique plant operating environments are known, it should be possible to incorporate these scenarios into the Dashboard so that alerts can be generated as necessary.  However, Owner/Purchaser will clearly define these and provide to vendor so as to not increase the potential for false alarms.
The system shall provide notification features, allowing flashing/beeping icon annunciation on designated computers. It also shall provide e-mail and pager notification features for maximum flexibility in advising appropriate personnel of events requiring attention.

13.4 Process Variable Parameters and Machinery Physical Data

Where Fault Advisory is called for the following shall apply;

The machine specific Process Parameters listed in Appendix-I shall be provided to the ACM.
Machinery specific Physical data listed in Appendix-II, shall be provided to the ACM VENDOR by the Machinery VENDORS and / or Contractor Packagers.  
14.0 ACM SERVERS

The ACM Server (or Servers depending on plant architecture) shall be capable of running all the required software on a single platform interfacing with multiple machinery protection racks and even 3rd party protection racks. The number of servers and locations is dependant upon the number of machines and inputs in each production unit.

Local display of data acquired by the ACM Server shall be provided using a 20 - inch flat screen monitor mounted in the ACM Server console. The Servers shall be capable of networking to Display Stations according to plant requirements and the appropriate number of display stations licenses shall be provided.
The Operator Advisory server shall be capable of hot redundant server configuration.  All servers and monitors shall be on a UPS.
14.1 System network and interfaces

A dedicated ACM network shall link all ACM Servers and Display Stations.  

Machine protection racks shall be linked to the ACM network using Ethernet communication links and suitable hubs/switches for termination of all Ethernet connections. The hub/switch will be the interface between the machine protection racks and the ACM Server. If specified, the ACM VENDOR shall supply the necessary hubs. The network cables will be provided by others.

The ACM network shall also support import of process related data acquired from other systems. Interface between the ACM network and “others” network will be through dedicated server or gateway using OPC, ModBus or in the case that the process control system and ACM is by same vendor, then vendor specified.

15.0 DATA IMPORT / EXPORT

The ACM, Operator Advisor, shall have the capability to interface via ModBus serial link, ModBus Ethernet, NetDDE,  OPC (or similar) to one or more plant process computers, historians etc., for acquiring process data from, and providing data to, such devices.

16.0 COMUNICATION LINKS

Data links shall as a minimum comply with the following:

Links shall not be utilized to pass critical safety and/or control signals between systems, i.e. signals whose failure could directly prejudice either plant control or safety. Critical signals shall be exchanged via hardwired I/O connections. Links shall be implemented with a proven and industry standard protocol, NetDDE, ModBus, OPC or similar with RS485 and Ethernet as the preferred physical layers. Functionality shall be fully tested with the project hardware and software during the FAT prior to delivery. Loss of data communications shall not result in trips or status changes of the data point. Links between the machinery protection systems and the ACM shall be the ACM VENDORS’S standard architecture to meet the functional requirements.

17.0 ON-LINE PERIODIC SCANNING

General 

To be used for Important rotating and /or fixed assets, the system shall be an integral module to the ACM, able to acquire and process data in a periodic scanned fashion.  Specifically the system shall:

Acquire static and steady state dynamic information for trending and dynamic data display purposes.

Be capable of interfacing and providing data to the Plant Process Control Computer.

Use a single wire or wireless architecture plant wide.            

18.0 PORTABLE DATA COLLECTOR

General 

The analyzer shall be lightweight, battery-powered, and portable.  It shall be capable of collecting vibration (overall, spectrum, waveform, trend, and phase), temperature, AC current, speed, noise, and user-defined data.  It shall be capable of both single and dual channel data collection.  It shall be capable of simultaneous collection of spectra, waveforms, and 12 analysis parameters for both a standard vibration and a peak detection measurement for bearing analysis.  

The analyzer shall also be capable of real-time spectral analysis, triggered data capture, synchronous time averaging, negative averaging, 1/3 octave noise capture and analysis, and have a full VGA display capable of displaying a 400 line spectrum with no data compression.  

It shall have embedded intelligence, capable of providing automatic configuration of additional measurement acquisition when route data indicates a machinery problem.  It shall be compatible with predictive maintenance software which can store and manipulate route based data collected with the machinery analyzer as well as other predictive maintenance tools. 

The analyzer may be used to augment existing vibration/noise analysis programs and shall be compatible with voltage output vibration probes currently installed on various fans, pumps, motors, turbines, compressors, etc. in the plant.

The machinery analyzer shall be equipped with a power supply that can operate from any AC outlet ranging from 100 VAC to 250 VAC (50 to 60 Hz).  It shall be able to operate continuously from the power supply.  

As a minimum, the standard accessories shall include the following:

- Battery charger power supply

- Standard industrial accelerometers (2)

- Magnetic bases (2)

- Storage case 

- Accelerometer cables (1 coiled, 2 straight with dual channel adapter)

- USB computer communications cable

- Hand and shoulder carrying straps (strap shall have break-away capability for safety)

- Firmware backup CD, with technical documentation

- Calibration card

18.1 SENSOR COMPATIBILITY
Input Signals

The analyzer shall be capable of accepting input from any sensor which produces a voltage signal.  The full scale input level for the analyzer shall be as follows:

ICP Used:  +  9 volts

ICP Bypassed:   + 21 volts 

Full scale input level shall be at least 0-90 g's using a 100 mv/g accelerometer.  The analyzer shall provide a minimum of 2 mA constant current at 20 volts. 


Vibration Sensors

The analyzer shall accept input from the following types of vibration sensors:

Proximity or Eddy current sensors

Velocity Sensors

Accelerometer sensors

Triaxial accelerometer

The analyzer shall not be limited to accepting input from a specific sensor manufacturer.


Temperature Sensors

The analyzer shall be capable of accepting input from temperature sensitive devices, such as infrared temperature scanners.

Phase Sensors

The analyzer shall be capable of generating phase angle based on a pulse generated from any of the following types of rotating speed sensors:

Incandescent tach generator

Infrared tach generator

Proximity probe with an external driver

Strobe light

Magnetic pulse pickup

Pseudo-Tach Generator

The analyzer shall be capable of generating a pseudo-tach stream by multiplying the incoming tach signal by a ratio to produce a tach signal for embedded shafts that cannot be accessed directly for Time Synchronous Averaging.

Speed Sensor

The analyzer shall be capable of detecting machine speed from a laser speed sensor without requiring the use of reflective tape, a key-way, or any other special markings on the shaft.

Current Sensor Capability

The analyzer shall be compatible with AC current transformers for sampling and storing AC current spectra for motor diagnostics.  AC current spectra may be uploaded into a host computer for the purpose of calculating motors defects and frequencies; e.g. automated calculation of broken rotor bars.

Triaxial Accelerometer Multiplexer

The analyzer shall be capable of automatically multiplexing through sequential X-Y-Z inputs of a triaxial accelerometer for the purpose of collecting multiple axes of vibration data without reorienting the sensor.

Detection of High Frequency Impacting

The analyzer will have built-in capabilities to detect the high frequency impacting typically resulting from bearing and gear failure modes.  Such capabilities shall include but not be limited to frequency demodulation which is only able isolate the frequency of the impacting.  The unit shall also include an alternative method(s), such as peak impact detection of stress waves, and be able to identify both the frequency and the absolute amplitude of the impacting.

Headphone connection

The analyzer shall have the ability to connect to audio headphones via a standard headphone jack for the purpose of listening to dynamic signals while collecting data.

Acoustic Measurement Capability

The analyzer shall have the ability to accept inputs from acoustic sensors (microphones) and display sound level and narrow band spectra in dB, using 3rd octave and A-weighting.  In addition, it should have the ability to calibrate the acoustic signal using a known input to compensate for ambient conditions.

18.2 RANGE, RESPONSE, RESOLUTION, AND UNITS

Display Units

The analyzer shall be capable of displaying amplitude data in the following units:

Acceleration 


G's, AdB

Velocity



in/sec, mm/sec, VdB

Displacement


mils or mm

Other dynamic signals
any unit specified

Other DC signals

any unit specified

The analyzer shall be capable of displaying frequency data in Hz, CPM, or ORDERS.  It shall also be able to display amplitude or frequency axes in linear or log scaling.  The amplitude scaling in AdB, VdB, or dB shall be adjustable by dB reference levels.

Integration and Differentiation

The analyzer shall be capable of integration and differentiation calculations necessary to convert input from sensor units into other units for the purpose of screen display.  It must be able to perform either analog or digital integration.

A/D Converter

The analyzer shall have a 16-bit A/D converter with a dynamic range of 90 dB or greater.

Frequency Range

The frequency analysis ranges (Fmin to Fmax) shall be from DC to 10Hz through DC to 80kHz.  The number of ensemble averages available shall be between 1 and 9999 with the overlap processing between 0 and 99% in steps of one (1).

Frequency Response

The low frequency response shall be flat to DC for non-integrated signals.  The signal may be single or double integrated with a low frequency break at 2.9 Hz for each stage of analog integration or selectable break for digital integration.

Spectral Resolution

The analyzer shall be capable of collecting and storing spectra in the following resolutions:

100-line

800-line

6400-line

200-line

1600-line

12800-line

400-line

3200-line

1/3 octave

Time Waveform Resolution

The analyzer shall be capable of collecting and storing time waveform snapshots with ranges from 256 to 32,768 points and provide time waveform frequency ranges from 10Hz to 80kHz.  It shall provide the ability to expand the x-axis or expand/decrease the y-axis on data captured and during live-time continuous monitoring for enhanced diagnostic capabilities.

18.3 DATA STORAGE CAPACITY

The data shall be stored in a minimum internal storage memory of 32 MB or via PCMCIA flash memory cards.  

18.4 COMMUNICATION

The analyzer shall communicate with the host computer through a standard USB link, Ethernet link, RS232 serial link, or by direct file transfer via a PC card or E-mailed remotely. 

18.5 ANALYZER PHYSICAL CHARACTERISTICS

Size

The analyzer shall not exceed the following physical dimensions:

Height:
  8 inches (203 mm)

Width :
  10.25 inches (260 mm)

Depth :
  1.88 inches (48 mm)

Weight:  4.5 pounds (2.04 kg)

Display

The analyzer shall be equipped with a Full VGA color LCD display.  The display shall use trans-flective technology (for clear viewing either indoors or outdoors) with a viewing area of at least 5.75” x 4.25” and standard resolution of 640 horizontal by 480 vertical pixels.  The LCD display shall be equipped with continuous electroluminescent backlighting and contrast adjustment for viewing in dark and sunlit environments.

Audio and Visual Feedback

The analyzer shall be capable of providing both audio (beep) and visual (LED flash) feedback when any button is pressed on the front panel.  It shall also provide the same audio and visual feedback upon completion of data collection.

Battery and Battery Life

The analyzer shall be equipped with a rechargeable battery, which provides a minimum of 8 hours life under typical route use.  It shall have an automatic smart charger that switches between a fast charge (2.5 hrs) and trickle charge.  It shall also be equipped with a power supply  which allows continuous operation with line current supplied.  It shall have the ability to replace the batteries without losing data.

Quality Assurance Testing

Analyzer calibration shall be NIST traceable.

External Connections

The analyzer shall have external input connections for:

- RPM/Phase input connection

- Power supply/Batter charger input

- Multifunction connector for RS-232 communication and signal input

- Triax input

- USB connection

- PC card slot for Ethernet connection

18.6 ANALYZER CAPABILITIES - GENERAL

Cursor

The analyzer shall be capable of displaying a spectrum and time waveform for each point collected with the ability of activating moveable harmonic and sideband cursors.  It shall also have definitive cursor accuracy.  It shall be capable of single keystroke spectra expansion in X or Y directions.  It shall be capable of showing tach pulses with dynamic time waveform display.  

General Display

At completion of data collection for any point, the analyzer shall be capable of displaying the following information:

- Overall level with units and integration notation

(i.e., RMS - digital)

- Previous survey data including level and date taken

- Color Bar Graph Alarm warning

- Data stored (i.e., averaged spectra, averaged waveform, trend, etc.)

- Band width of collected data

- Available remaining memory

- The analyzer shall provide display of spectral pattern, waveform pattern,

  and alarm parameters.

- The analyzer shall be capable of displaying data captured in either English or metric units.

- The analyzer shall have the capability of automatically or manually 

  auto ranging the input signal to enable the display to maximize the 

  dynamic resolution.

Alarms

The analyzer shall be capable of in-field alarming on any of twelve discrete frequency bands within a broad band per data point as well as overall level alarms and waveform peak / crest alarms. It shall display the vibration energy, the alarm level, and exceeding of the alarm level for each band.  The frequency bands shall be individually defined with any combination of Fmin and Fmax including a high frequency band with a range of 1 kHz to 20 kHz, as well as units of measurement.  It shall be capable of alarming on in-window, out-of-window, dual-upper, dual-lower, ratio-to-baseline, delta above baseline, and standard deviation to mean levels for each narrow band or noise goal curve.

Machine Selection

The analyzer shall also be capable of selecting any measurement point at any time, no matter which route and which machine point is active.  

Composite Status

The analyzer shall be capable of displaying a composite status of any machine by listing all measurement points on the machine, the data stored for each measurement point, and the highest level of alarm selected from any of the twelve (12) discrete frequency bands.

Bode/Nyquist Display

The analyzer shall be capable of displaying amplitude vs. RPM (Bode) and phase vs. RPM (Bode) in multiple integer rotating speeds in linear plot format.  It shall also have the capability to combine these two types of Bode plots in a polar form displaying the Nyquist plot.  It shall also have the ability to upload these plots to a software database.

Continuous Display

The analyzer shall be capable of displaying overall and DC voltage levels versus time, live-time spectra, waveform, temperature, and peak/phase when in a continuous monitoring mode, and to upload these to a software database as strip charts.

1/3 Octave Display

The analyzer shall be capable of displaying 1/3 octave spectral data with center frequency bands between 10 Hz and 20 kHz, and displaying center frequency readout for each 1/3 octave band.

Notes

The analyzer shall provide an alphanumeric keypad for field creation of notes.  It shall be capable of storing up to 120 user defined notes, which may be attached to route or off-route machines and measurement points.

Password protection

The analyzer should have the ability to limit operator access by password protection.

Database name support 

The analyzer shall have database name support, which allows routes from multiple database files to be downloaded from the host computer.

Global speed input

When receiving an input relative to the speed of the machine being analyzed, the analyzer shall have the ability to automatically modify and assign that input to other specified machines.

Routes override analyzer settings

When downloading routes from a host computer to the analyzer, the signal integration mode and the overall level calculation methods shall be capable of overriding analyzer settings.

Load multiple routes from multiple databases

The analyzer shall have the ability to load multiple routes from multiple database files.

Erase all route data

The analyzer shall have the ability to clear all data from a selected route from the selected memory card while the route, itself, remains in memory.

Function keys

The analyzer shall have function keys to access or control various functions of the analyzer.  These functions shall include the following:  

- Check battery percentage

- Display machine list

- Display spectra, waveform, and parameters

- Clear data from current point

- Enter new RPM

- Change units to Hz, CPM, or Orders

- Change scale to Log or Linear

- Display spectra and waveform together in a split screen

- List the top 20 spectral peaks within a pre-set limit

- Move cursor to the next spectral peak

- Set plot scale of X and Y axis on a displayed spectral plot

- Change RPM on a specific plot

18.7 ANALYZER CAPABILITIES - DIAGNOSTIC FUNCTIONS

Variable Speed/Variable Load Correlation

The analyzer shall be capable of automatically adjusting discrete frequency analysis bands to correlate collected data for variable speed/variable load equipment.

1/3 Octave Analysis

The analyzer shall be capable of capturing acoustic radiation using microphone type sensors and applying A-weighting techniques to modulate 1/3 octave spectral patterns to fit human ear response.

Synchronous Peak-Phase

The analyzer shall be capable of capturing synchronous peak and phase data triggered from an integer multiple of the rotating speed.

Triggered Data Capture

The analyzer shall be capable of capturing data when triggered either by an amplitude level exceeding an alarm level (internal trigger) or TTL pulse (external trigger).  It shall have the capability of allowing the user to define the percentage of pre-trigger or post-trigger information to be captured.

Synchronous Time Averaging

The analyzer shall be capable of collecting and displaying time-averaged peaks which are synchronously related to a rotating speed signal when in a continuous monitoring mode of operation.

Peak Hold Averaging

The analyzer shall be capable of collecting and displaying peak-hold averaged spectra to enhance analysis of random excitation or time-varying events.

Negative time averaging

The analyzer shall be capable of collecting, displaying and storing data which has been linearly subtracted from previously collected data. 

Order tracking

The analyzer shall be capable of collecting and displaying ordered data related to a variable rotating speed signal.

AC/DC Interval Sampling

The analyzer shall be capable of monitoring AC or DC signals at defined sampling intervals of time.

Slow Speed Measurements

The analyzer shall have the capability for low frequency diagnostics down to 0.2 Hz  (12 RPM) with the appropriate sensor and shall measure and display vibration accurately in velocity or displacement, corrected for integration distortions and signal noise.  

18.8 ANALYZER CAPABILITIES - SPECIAL DATA COLLECTION

Dual Channel Data

The analyzer shall allow each channel to have a different sensor type and analysis configuration and shall be capable of measuring the cross channel phase and coherence at any individual frequency or as a complete cross channel spectrum. 

Dual Channel with single sensor

The dual channel version of the analyzer with the appropriate adapter shall be capable of taking a single signal from a single sensor and routing it into both the of signal inputs to permit the analyzer to simultaneously process this signal with totally different measurement parameters.  These techniques can result in substantial reductions in required time for complete data collection.

Collect Off-Route Data

The analyzer shall be capable of off-route data setup, collection, analysis, and storage.  User-defined off-route data measurement points shall enable the analyzer to collect overall, spectrum, and waveform data.  It shall have the capability of uploading the off-route spectra and waveform data into a specified database within the predictive maintenance software.  The user shall have the option of attaching the off-route data to an already loaded route and may utilize analysis parameter sets defined in the route.

Collect Additional Spectrum/Waveform

The analyzer shall provide the user with the capability of acquiring additional spectrum/waveform data on a measurement point which is already loaded into the analyzer and automatically attaching the additional data to the original measurement point.  It shall be capable of uploading the acquired spectrum/waveform data into the predictive maintenance software.  The additional spectrum/waveform data acquired shall not override spectrum or waveform data taken during the normal route or data taken in the off-route mode.  It  shall allow the user to analyze the data, store the data, and upload the data to the predictive maintenance software.

True zoom

The analyzer must have true zoom capability maintaining a minimum of 800 lines of resolution for a user-defined frequency band.  This effectively allows up to and over 300,000 lines for a narrow frequency band.

18.9 SPEED

The analyzer shall be capable of collecting, processing, and storing spectral patterns at a speed of 7 averages per second for a 1000 Hz, 400-line spectra using 67% overlap processing.

The real time rate of the analyzer shall be nominally 20 KHz.

18.10 UPDATES

The analyzer shall have the capacity of accepting downloadable updates to the analyzer firmware.  This can be accomplished without having to return the unit to the manufacturer for replacement of hardware or internal circuitry.

18.11 BALANCING OPTION

The analyzer shall be capable of performing balancing through the use of a standard downloadable program:

The analyzer shall be capable of performing 4-plane, 6-speed balance calculations using the influence coefficient method.  It shall be capable of storing and transferring to a computer the influence coefficients for a particular run.  It shall have the capability of runout subtraction, automatic rejection of erroneous data, angular weight positioning, static couple, trim balancing, and vector addition/subtraction.

18.12 TRAINING
Standard training shall include but not be limited to the following:  A formal training course which covers all functions of the analyzer/collector, and the installation and use of the associated predictive maintenance software.

The supplier shall also be able to provide training in the form of general instructive classes to include such areas as basic and advanced vibration analysis, slow speed vibration analysis, acoustic analysis, electric motor diagnostics, alignment, and balancing.

The supplier shall be able to provide testing and certification for Level I and Level II Vibration Analysis.

19.0 PROJECT MANAGEMENT AND SYSTEM DESIGN 

General 

The MPS and ACM systems shall be designed to meet all the requirements and intent of this FEED document. 

The MPS / ACM VENDOR Engineering Services shall be contracted throughout the project phases to assist the CONTRACTOR to develop the detailed system design, review the system design and provide recommendations for best practice and appropriate integration solutions. The MPS / ACM VENDOR will be required to work closely with nominated machine packagers or process control system VENDORS to review and advise upon suitability of equipment proposed as part of the package.

The MPS / ACM VENDOR shall appoint a single point contact Project Manager to oversee all Engineering Services associated with the MPS / ACM project coordination. 

20.0 CABINET FABRICATION 

The MPS / ACM VENDOR shall be totally responsible for the supply all pre wired cabinets associated with the Machinery Protection and Asset Condition Management systems. 

The cabinet design will be based on a Rittal or equivalent series steel cabinets and in accordance with minimum requirements under Appendix III. (Owner/Purchaser cabinet specification may replace this clause)
21.0 SPARE CAPACITY EXPANDABILITY

21.1 Main processors memory and communication

Processors performance and memory capacity shall be adequate, for the increase of the configured database without additions, modifications or upgrade of system components or degradation of system performances.

Similarly, the system communications data shall be capable of handling expansion, without degradation of system access time and processing speed.

21.2 Spare Capacity

In addition to here above requirement, 10% of spare space shall be provided for addition of future chassis, termination modules and terminal blocks.

22.0 VENDOR FIELD SUPPORT AND COMMISSIONING 

The MPS / ACM VENDOR shall provide full details of its global support and training capabilities together with a One-Year System / Operational Implementation proposal, a Spare Parts Management program and a Long Term Service Agreement. 

The MPS / ACM VENDOR shall be required to be wholly responsible to provide and execute all commissioning activities associated with the MPS / ACM scope of supply. 

The CONTRACTOR and / or PACKAGERS shall use the MPS / ACM VENDOR services for all MPS / ACM commissioning activities.  

23.0 TESTING

(FAT, SAT etc – enter specific to Owner/Purchasers Requirements)
24.0 DOCUMENTATION

(Enter as applicable)
25.0 PACKING AND SHIPMENT

(Enter as applicable)
26.0 SPARE PARTS

(Enter as applicable)
The MPS / ACM VENDOR shall indicate any spare management capabilities. 

27.0 QUALITY ASSURANCE / QUALITY CONTROL
Specific to the Owner/Purchasers Requirements and should be added accordingly. 

Minimum requirement – MPS / ACM VENDOR to have ISO9001 certification and the VENDORS quality program to be submitted for approval with bid. 

28.0 WARRANTIES 
Specific to the Owners/Purchasers Requirements and should be added accordingly 

The MPS / ACM VENDOR shall provide warranty for a period of three years after system commissioning on VENDOR commissioned systems.  This shall include annual on-site service for annual replacement of the transient data recorder (where applicable), calibration on the signal card, tach card and onboard test signal generator, overnight replacement of critical boards, factory trained technical support and software updates. Knowledge-base articles, technical memos and live technical support via email, fax or phone shall also be available. For software products, technical support services shall be provided for a period of one year after shipment with extensions available from 1 to 3 years. Software technical support shall include access to knowledge-base articles, technical memos, software feature enhancements, updates, and live technical support via email, fax or phone. All services shall be available during local business hours, with an option to extend live technical services for 24/7 coverage. 

29.0 TRAINING

Specific to the Owners/Purchaser Requirements and should be added accordingly.  
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Process Parameter Data Provided to Vendor

	Process Variable Requirements 
	
	Machine Design Data

	General
	
	- Manufacturer #

	· All Lube Oil Temperatures, pressures, flows
	
	· Model#

· All Machines

	· All Bearing metal (babbit) temperatures in the load zone per API 670
	
	All Machines

	· Speed
	
	All Machines

	· Load
	
	Generic or Specific as Indicated Below

	· Inlet Pressure and Temperature

· Discharge Pressure and Temperature

· Mass Air Flow

· Mass Fuel Flow

· Mass Water/Steam Flow, temp & pressure

· NOx mass flow

· Bleed air flow

· Inlet Guide Vane Setting

· Exhaust Temperature(s)

· Calculated Inlet (Firing) Temperature

· N1 and N2 Rotor Speeds

· Enclosure Air Temperature & Pressures

· Vibration Levels & Frequencies


	
	Gas Turbines (Industrial Frame or Aero)

Necessary if performance calculations are to be accomplished

NOx control and power augmentation

For units with multiple shaft units with rotors operating at different speed – very common with aeroderivative units

	· Megawatts

· Megavars

· Stator amps

· Stator voltage

· Field (rotor) voltage

· Field amps

· Flux Density (temporary or permanent measurement)

· Exciter Amps

· Exciter Voltage

· Stator Temperature

· H2 pressure & temperature

· Vibration Levels & Frequencies
	
	Generators

	· Inlet Pressure and Temperature

· Discharge Pressure and Temperature

· Mass Flow

· Vibration Levels & Frequencies


	
	Centrifugal Compressor

	· Inlet Pressure and Temperature

· Discharge Pressure and Temperature

· Mass Flow

· Inlet Guide Vane Setting

· Vibration Levels & Frequencies


	
	Axial Flow Compressor

	· Inlet Pressure and Temperature

· Discharge Pressure and Temperature

· Mass Flow

· Vibration Levels & Frequencies


	
	Centrifugal Pump

	· 3 Phase Amps

· Stator temperature

· Megawatt or Hp load
	
	Motors

	· Oil and Casing Temperatures

· Vibration Levels & Frequencies


	
	Gearboxes

	· Inlet Pressure and Temperature

· Discharge Pressure or Vacuum and Temperature

· Steam Inlet Valve Position

· Steam Mass Flow

· Condenser Cooling Water Mass Flow

· Condenser Inlet Temperature

· Condenser Outlet Temperature

· Vibration Levels & Frequencies


	
	Steam Turbines

Following required for Thermodynamic Performance Calculations
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Physical Machinery Data Provided to Vendor
Steam Turbines

	Information Type
	Specific Data Required

	Manufacturer Name
	State manufacturers Name.

	Steam Turbine Type, 


	Select from:  Dual Flow HP, HP/IP or LP

	Number of Stages
	Number of stages

	Number of Blades by Stage
	Number per stage

	Shaft type 
	Select from: Normal, Gear Pinion or Gear-Bull

	Driver coupling (select none if not driven by another shaft)
	Select from: None, Rigid, Gear Type, Diaphragm, Shim Pack, Fluid Drive, Aerodynamic, Through Gearbox or Other. 

	Rotor Weight
	State Weight and Units

	Balance Resonance 1
	CPM

	Balance Resonance 2
	CPM

	Rotation Direction 
	Clockwise or counterclockwise

	Maximum Allowable Synchronous Vibration
	State value and units

	For Gear-Pinion and Gear-Bull only
	Number of Teeth

	For Gear-Pinion and Gear-Bull only
	Select from: Unknown, Single Helix, Double Helix, Spur or Epicylic

	For Gear Pinion Only – Gear Mesh
	Select from: Unknown, Up Mesh, Down Mesh or Top

	Bearing Type
	Select from: Plain Sleeve, Elliptical, Tilted Pad, Other Fluid Film

	Bearing Clearance ((non-elliptical) 
	State Clearance and units

	Bearing Clearance (elliptical)
	State major and minor clearances and units

	Design Speed
	RPM 
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Physical Machinery Data Provided to Vendor

Compressors

	Information Type
	Specific Data Required

	Manufacturer Name
	State manufacturers Name.

	Compressor Type 


	State type from: Axial Multi Stage IGV Controlled, Axial Multi Stage Stator Controlled, Centrifugal Multi Stage Barrel, Centrifugal Single Stage Overhung, Centrifugal Multi Stage Horizontally Split, Centrifugal Multi Stage Side Stream or Plant Air.

	Seal Type
	State Seal Type from: Floating Bushing, Straight Labyrinth, Buffered Labyrinth, Carbon Ring, Mechanical, Dry Gas or Other. 

	Primary Gas Composition 
	State One from the following: Air, Ammonia, Butane, Carbon Dioxide, Carbon Monoxide, Chlorine, Ethane, Ethyl Chloride, Ethylene, Hydrogen, Hydrogen Sulfide, Isobutane, Methane, Natural Gas, Nitrogen, Oxygen, Propane, Propylene or Other. 

	Shaft type 
	Whether: Normal, Gear Pinion or Gear-Bull

	Driver coupling (select none if not driven by another shaft)
	Whether: None, Rigid, Gear Type, Diaphragm, Shim Pack, Fluid Drive, Aerodynamic, Through Gearbox or Other. 

	Rotor Weight
	State Weight and Units

	Balance Resonance 1
	State in CPM

	Balance Resonance 2
	State in CPM

	Rotation Direction 
	Clockwise or counterclockwise

	Maximum Allowable Synchronous Vibration
	State value and units

	For Gear-Pinion and Gear-Bull only
	Number of Teeth

	For Gear-Pinion and Gear-Bull only
	State Gear type from; Unknown, Single Helix, Double Helix, Spur or Epicylic

	For Gear Pinion Only – Gear Mesh
	State from; Unknown, Up Mesh, Down Mesh or Top

	Bearing Type
	State type from: Plain Sleeve, Elliptical, Tilted Pad, Other Fluid Film

	Bearing Clearance ((non-elliptical) 
	State Clearance and units

	Bearing Clearance (elliptical)
	State major and minor clearances and units

	Design Speed
	RPM 
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Physical Machinery Data Provided to Vendor

Gas Turbines

	Information Type
	Specific Data Required

	Manufacturer Name
	State manufacturers name.

	Gas Turbine Type  


	State Turbine Type from: Gas Generator, Industrial Gas or Power.

	Seal Type
	State Seal Type from: Floating Bushing, Straight Labyrinth, Buffered Labyrinth, Carbon Ring, Mechanical, Dry Gas or Other. 

	Number of Stages
	State number of stages

	Number of Blades by Stage
	State number per stage

	Primary Gas Composition 
	State One from the following: Air, Ammonia, Butane, Carbon Dioxide, Carbon Monoxide, Chlorine, Ethane, Ethyl Chloride, Ethylene, Hydrogen, Hydrogen Sulfide, Isobutane, Methane, Natural Gas, Nitrogen, Oxygen, Propane, Propylene or Other. 

	Compressor Flow Rate (Gas Generator and Industrial Gas only)
	State Design Value, Inlet Surge Limit and Units

	Molecular Weight (Gas Generator and Industrial Gas only)
	Design Value in grams

	Number of Exhaust Temperature Measurements
	State Number of points.

	Exhaust Temperature Differential 
	State Maximum Differential

	Control Setting (Gas Generator and Industrial Gas only)
	State from; Inlet Guide Vane, Stator or Neither.

	Shaft type 
	Whether: Normal, Gear Pinion or Gear-Bull

	Driver coupling (select none if not driven by another shaft)
	Whether: None, Rigid, Gear Type, Diaphragm, Shim Pack, Fluid Drive, Aerodynamic, Through Gearbox or Other. 

	Rotor Weight
	State Weight and Units

	Balance Resonance 1
	State in CPM

	Balance Resonance 2
	State in CPM

	Rotation Direction 
	Clockwise or counterclockwise

	Maximum Allowable Synchronous Vibration
	State value and units

	For Gear-Pinion and Gear-Bull only
	Number of Teeth

	For Gear-Pinion and Gear-Bull only
	State Gear type from; Unknown, Single Helix, Double Helix, Spur or Epicylic

	For Gear Pinion Only – Gear Mesh
	State from; Unknown, Up Mesh, Down Mesh or Top.
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Physical Machinery Data Provided to Vendor

Gas Turbines Continued…..
	Information Type
	Specific Data Required

	Bearing Type
	State type from: Plain Sleeve, Elliptical, Tilted Pad, Other Fluid Film

	Bearing Clearance ((non-elliptical) 
	State Clearance and units

	Bearing Clearance (elliptical)
	State major and minor clearances and units

	Design Speed
	RPM 


Gear Box
	Information Type
	Specific Data Required

	Manufacturer Name
	State manufacturers name.

	Service Type
	State from: Unknown, Speed Increaser, Speed Decreaser, Multiple Pinion or Multiple Reducer

	Case Type
	State from: Unknown, Welded or Cast
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Physical Machinery Data Provided to Vendor

Pumps

	Information Type
	Specific Data Required

	Manufacturer Name
	State manufacturers name.

	Pump Type
	State from: Generic, Double Suction, Multi Stage Barrel, Multi Stage Horizontally Split, Reactor Coolant, Reactor Recirculating, Single Stage or Overhung.

	Impeller Blades 
	State number of Impellers

	Net Positive Suction Head (NPSH)
	State NPSH and units

	Liquid Type
	State Liquid Type

	Volutes (Single Stage Overhung only)
	State number of Volutes.

	Shaft type 
	Whether: Normal, Gear Pinion or Gear-Bull

	Driver coupling (select none if not driven by another shaft)
	Whether: None, Rigid, Gear Type, Diaphragm, Shim Pack, Fluid Drive, Aerodynamic, Through Gearbox or Other. 

	Rotor Weight
	State Weight and Units

	Balance Resonance 1
	State in CPM

	Balance Resonance 2
	State in CPM

	Rotation Direction 
	Clockwise or counterclockwise

	Maximum Allowable Synchronous Vibration
	State value and units

	For Gear-Pinion and Gear-Bull only
	Number of Teeth

	For Gear-Pinion and Gear-Bull only
	State Gear type from; Unknown, Single Helix, Double Helix, Spur or Epicylic

	For Gear Pinion Only – Gear Mesh
	State from; Unknown, Up Mesh, Down Mesh or Top

	Bearing Type
	State type from: Plain Sleeve, Elliptical, Tilted Pad, Other Fluid Film

	Bearing Clearance ((non-elliptical) 
	State Clearance and units

	Bearing Clearance (elliptical)
	State major and minor clearances and units

	Design Speed
	RPM 
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Physical Machinery Data Provided to Vendor

Generator / Alternator 

	Information Type
	Specific Data Required

	Manufacturer Name
	State manufacturers Name.

	Field Coolant  


	Select from: Unknown, Air, Hydrogen

	Field Coolant Temperature 
	Temperature and units

	Stator Coolant Temperature
	Temperature and units

	Shaft type 
	Select from: Normal, Gear Pinion or Gear-Bull

	Driver coupling (select none if not driven by another shaft)
	Select from: None, Rigid, Gear Type, Diaphragm, Shim Pack, Fluid Drive, Aerodynamic, Through Gearbox or Other. 

	Rotor Weight
	State Weight and Units

	Balance Resonance 1
	CPM

	Balance Resonance 2
	CPM

	Balance Resonance 3
	CPM

	Rotation Direction 
	Clockwise or counterclockwise

	Maximum Allowable Synchronous Vibration
	State value and units

	For Gear-Pinion and Gear-Bull only
	Number of Teeth

	For Gear-Pinion and Gear-Bull only
	Select from: Unknown, Single Helix, Double Helix, Spur or Epicylic

	For Gear Pinion Only – Gear Mesh
	Select from: Unknown, Up Mesh, Down Mesh or Top

	Bearing Type
	Select from: Plain Sleeve, Elliptical, Tilted Pad, Other Fluid Film

	Bearing Clearance ((non-elliptical) 
	State Clearance and units

	Bearing Clearance (elliptical)
	State major and minor clearances and units

	Design Speed
	RPM 
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Physical Machinery Data Provided to Vendor

Motor

	Information Type
	Specific Data Required

	Manufacturer Name
	State manufacturers Name.

	Motor Type  


	Select from: Induction, synchronous or Synchronous Variable Frequency. 

	Power Output 
	Select from: HP, kW or MW

	Line Frequency
	50 Hz or 60 Hz

	Number of Poles
	State Number of Poles

	Shaft type 
	Select from: Normal, Gear Pinion or Gear-Bull

	Driver coupling (select none if not driven by another shaft)
	Select from: None, Rigid, Gear Type, Diaphragm, Shim Pack, Fluid Drive, Aerodynamic, Through Gearbox or Other. 

	Rotor Weight
	State Weight and Units

	Balance Resonance 1
	CPM

	Balance Resonance 2
	CPM

	Rotation Direction 
	Clockwise or counterclockwise

	Maximum Allowable Synchronous Vibration
	State value and units

	For Gear-Pinion and Gear-Bull only
	Number of Teeth

	For Gear-Pinion and Gear-Bull only
	Select from: Unknown, Single Helix, Double Helix, Spur or Epicylic

	For Gear Pinion Only – Gear Mesh
	Select from: Unknown, Up Mesh, Down Mesh or Top

	Bearing Type
	Select from: Plain Sleeve, Elliptical, Tilted Pad, Other Fluid Film

	Bearing Clearance ((non-elliptical) 
	State Clearance and units

	Bearing Clearance (elliptical)
	State major and minor clearances and units

	Design Speed
	RPM 
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Minimum Cabinet Specifications

Cabinets will be supplied pre wired by the ACM Vendor and incorporate the following minimum requirements:

General

· All cabinets must be CE marked.

· Design to meet the requirements of the European normative standards and EMC Directive 89/336/EEC.

· Designed to meet the requirements of the European normative standards and Low Voltage Directive 73/23/EEC.

· Designed to meet current European Health and Safety Regulations 

· Signal input terminals must be provided to ensure that transducer signals are transferred to the monitoring rack without loss of signal strength or corruption by external influences.

· Recorder and relay output terminals must be clearly laid out.

· Power and signal cable segregation must be maintained to ensure non-corruption of any signals within the enclosure.

· Lockable doors to ensure limited entry to authorized personnel only.

· Internal lights will be provided where required for safe maintenance and operation.

· Forced ventilation with fans and filters where required to maintain safe suitable operating temperatures. 

· Nameplate and rating plate identifying the assembly location must be installed upon completion. 

· Enclosure Details

· Enclosures must meet one or all of the following Ingress Protection approval ratings:

· IEC/EN 60529 (IP55)

· NEMA 12

· DIN 43 668

· IEC 297-1
· External finish will be powder coated or stainless steel, internal mounting plates must be galvanized steel or painted. 

· Cabinets containing monitoring racks and communications processors must provide suitable shielding to ensure EMC compliance.

· Gland plates must be provided for cable entry

Electrical Details - Power

· Facility must be provided for two discrete incoming power supplies, firstly the primary supply for the racks, communications processors and hubs and secondly a supply for utility, lights and fan and for a secondary supply to the racks.

APPENDIX III - 2 
· The incoming power supplies must be installed and terminated in the cabinet by the Owner/Purchaser unless otherwise agreed with the Vendor.

· The incoming supplies must be wired directly into lockable isolators mounted within the cabinet. This will ensure that the main power supplies can be disconnected and locked in the off position, to provide safe working conditions inside the cabinet for the operator.

· The total power must be based on the following assessment:

· 200 W per rack, 84 W per communication processor, 25 W per hub, 19 W per fan, 18 W per light, plus any power requirements of other components.

· Power cables must be tri-rated in sizes 2.5 mm2 to 10 mm2 in brown, blue and green/yellow for 240 V systems, white, black and green/yellow for 110 V systems and red, black and green/yellow for 24 Vdc.

· Line filters must be installed on the main power supply lines within the cabinet.

· Cable sizes must be calculated and details maintained on the design file.

· Power distribution diagrams must be provided and a copy must be placed in the cabinet door pocket for reference. 

Cable Trunking

· PVC wire - ways (trunking) must be provided with a minimum of 30% spare capacity to route cables through the cabinet.

· Discrete trunking runs must be provided to maintain suitable segregation between power and signal cables.

· Grey (RAL 7030) trunking will be used for standard cable routing . 

· Blue (RAL 5015 or similar) will be used for intrinsically safe cable routing.

· Trunking runs must be firmly attached to the cabinet structure via mounting plates or cross rail. 

· All trunking and terminals will be designed to prevent noise and signal interference. A minimum of 50mm segregation between signals and power wiring must be provided.

Power Cable Protection - Circuit Breakers

· Circuit breakers must be used to protect the power cable running to each individual piece of equipment. 

· Double pole isolators or single pole with neutral break circuit breakers must be provided to sense on ‘live/line’.  Single pole circuit breakers are not acceptable. 

· Circuit breakers will be adequately sized to provide full circuit protection without nuisance tripping.

· Main supply rotary isolators must be provided to electrically isolate the cabinet for maintenance purposes.

Grounding

· All metallic cabinet surfaces must be earth bonded using tri-rated green/yellow 6mm2 cable

· All cabinet doors and swing frames must be earth bonded using 6mm2 cable 
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· Each cabinet must have a minimum of two earth bars, which will be normally insulated from the cabinet structure. 

· An earth bar must be provided to earth all electrical equipment in the cabinet. The equipment earth bar will carry a removable link to the cabinet structure. Site connection will occur via the stud on the cabinet chassis or if conditions dictate the link may be removed and an equipment earth be provided directly to the earth bar. In this condition a separate cabinet chassis earth must be provided.

· An separate earth bar (shield earth) must be provided for all cable shields. The shield earth will be located as close as possible to the signal terminals. The internal signal cable shields will be connected to the shield earth bar and must not be terminated at the rack. Site connection of a ‘clean’ earth will be provided to the insulated earth shield bar.

· The earth may be provided via an M8 stud or a cable clamp on the earth bar.

· No earth loops shall be created.

Cables

· 3-wire signal cables must have a PVC black or blue flame retardant sheath with plain copper conductors 16/0.2 (0.5 mm2) with a tinned copper drain 1/0.8.  Alternatively Teflon 3-wire signal cable with plain copper conductors (0.35 mm2) may also be used where there is a space constraint.

· 2-Wire signal and recorder cables must be Belden gray with PVC sheath and tinned copper conductors 7/0.32(0.5 mm2) with a tinned copper drain 1/0.8

· Relay signals must be wired using single black PVC coated 0.75 mm2 tri-rated cable

· All cable ends must be crimp terminated using calibrated crimping tools and ring or bootlace crimps.

· All cables must be permanently marked at both ends with unique non-erasable typed characters on heat shrink sleeves

Terminals 

· All terminals will be DIN rail mounted. Each rail and terminal block will be labeled for easy identification

· All terminals must be identified sequentially and positioned for ease of identification when fault finding or testing

· Straight through WDU 2.5 terminals must be used and 20% spare terminals will be provided (where practicable). These may be installed on a separate DIN rail if applicable.

Labeling

· All doors to the cabinet must show ‘power flash’ labels

· The main and secondary isolators must be clearly labeled. 

· The circuit breakers must be clearly labeled
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· The line filters will be clearly labeled

· The manufacturing location will be identified

Electromagnetic Compatibility

· Cabinet enclosures must meet the minimum EMC requirements defined by EMC compliance type testing trials. EMC compliance is mandatory and will be subject to review on final cabinet inspection

Heating and Ventilation

· The cabinets must be fitted with fans and filtered vents as required to ensure that the cabinet remains within the range 0 - 50’C for ambient external temperatures of 0 – 35oC.

· The fan will exhaust air at the top / top side of the cabinet, which will be replaced through a filtered ventilation point at the base. Ventilation must be designed such that the cabinet meets the required IP55 ratings.

· Cabinets that are to be installed in areas with ambient temperatures outside the above range will require custom heating or cooling systems. 

Testing & Inspection

· Suitably trained personnel must test all cabinets. This testing must include full point-to-point test, insulation resistance test, and basic electrical function tests.

Specific FAT or other testing will be per the FSD.

· Prior to shipment the cabinet must undergo a full visual inspection in accordance with a final cabinet inspection checklist.

· On completion of the final inspection the cabinet must be CE marked by the correct approval authority.

Engineering Design & Documentation

· Documentation for each cabinet must include the following, printed in A3 format or submitted electronically:

· Cabinet outline drawings showing dimensioned front, rear and side views.

· Cabinet roof and plinth details.

· Cabinet general arrangement drawings

· Rack layout drawing with listing of installed monitors and tags

· Internal signal wiring diagram showing monitor, terminals, wire type and tagging information

· Internal relay wiring diagram showing monitor, terminals, wire type and tagging information

· Internal recorder wiring diagram showing monitor, terminals, wire type and tagging information

· Power wiring schematic showing incoming isolators and MCB’s. All supplied equipment will be identified.
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· System interconnect (communications) diagram for the Protection and ACM equipment, if applicable.

· Electronic copies of drawings are available on request.

· Installation instructions
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