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SECTION 26 09 13 – power status and monitoring system
PART 1 -  GENERAL

1.01 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
B. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.

1.02 SUMMARY

A. This Section specifies the requirements for a Power Status and Monitoring System (PSMS) for both local and remote monitoring of the electrical system and components.

1.03 REFERENCE STANDARDS
A. The latest published edition of a reference shall be applicable to this Project unless identified by a specific edition date.

B. All reference amendments adopted prior to the effective date of this Contract shall be applicable to this Project.

C. All materials, installation and workmanship shall comply with the applicable requirements and standards addressed within all references.
1.04 Definitions

A. Power Monitors - Type A1:
1. Electronic power monitors shall provide true Root-Mean-Square (RMS) quantities accurate for distorted, non-sinusoidal waveshapes up to and including the 30th harmonic (fundamental of 60 hertz).  Each shall be equipped with integral data communications for integration to the PSMS network.

2. Information provided by each power monitor shall include frequency, temperature, current, demand current, voltage, real power, reactive power, apparent power, demand power, power factor, accumulated energy and accumulated reactive energy.  In addition, each shall provide at the front panel, updated at the same rate as other measured parameters, the Total Harmonic Distortion (THD) of each current and voltage and K-factor of each current.

3. Each power monitor shall retain historical circuit data, setup and configuration values, date and time of last power loss, and diagnostics data in the event of a control power failure.

4. Each power monitor shall be capable of capturing current and voltage waveforms that may be exported to Personal Computer Workstations (PCWs) for viewing, storing and waveform analysis.

5. All power monitors shall be listed to UL 508.

B. Electronic Trip Units:  Type A2, 600-volt draw-out air circuit breakers and molded-case circuit breakers shall be equipped with electronic trip units.  They shall be connected to the PSMS.

C. Transformer Temperature Monitors:  (local only) All substation transformers in the Contract shall be equipped with a communicating transformer temperature monitor to provide transformer coil temperatures, hottest coil temperature, status of fan, alarm, and emergency shutdown relays to the PSMS.  All transformer temperature monitors shall be UL listed.

D. Motor Protection Relay:  Type B1, 100 horsepower or greater or medium voltage:  Each motor starter (100 horsepower+) shall be equipped with a communicating motor protection relay.

E. Microprocessor Modular Overload Relay:  Type B2 25 horsepower to 100 horsepower:  Each motor starter (25-100 horsepower) shall be equipped with a communicating microprocessor modular overload relay.

F. Sub-Metering:  Type M.  Each panel or circuit marked with sub-meter shall be equipped with a communicating sub-meter.

G. Automatic Transfer Switch:  Type C1, Critical Load Monitors.  Provide on all automatic transfer switches. 

H. Generator Monitoring System:  Type C2, Critical Load Monitor.  Provide for all generators.

I. Fire Pumps Monitoring System:  Type C3, Critical Load Monitor.  Provide for each fire pump controller.

J. Uninterruptible Power Supply (UPS) Monitor:  Type C4, Critical Load Monitor.  Provide for each UPS power supply.

K. Provide dry contacts to monitor status for each electrical transfer switch from the Building Automation System.

L. Provide dry contacts to monitor status for each generator from the Building Automation System.

1.05 QUALITY ASSURANCE
A. The PSMS shall consist of electronic power monitoring devices as designated on the Drawings and described herein.

B. The manufacturer shall demonstrate that the system is not a prototype and that similar systems have been field installed and successfully operated for at least three (3) years.

C. The PSMS shall utilize a high-speed, industrial-proven Local Area Network (LAN) that supports direct connection of multiple PCWs anywhere on the network.

D. Each PCW connected to the LAN shall have equal access (masterless) to information provided by the power monitoring devices for centralizing data display, data logging, alarming, event recording, status monitoring, and other power monitoring operations.

E. Application software for PCWs shall be provided as described in Part 2 -Products.

F. All power monitoring devices shall be capable of communicating with the PSMS.

PART 2 -  PRODUCTS

2.01 GENERAL

A. All materials shall meet or exceed all applicable referenced standards, federal, state and local requirements, and conform to codes and ordinances of authorities having jurisdiction.

B. System Display Description:

1. Provide system display units that include easy to read, preconfigured screens displaying data from the monitoring devices in an organized manner.  

2. The system display shall be UL listed.

C. High-Speed Network Description:
1. The high-speed network shall form the basic structure for all PSMS communications by linking equipment lineups and PCWs together in an integrated data communications network.

2. It shall be possible to add an unlimited number of PCWs to the high-speed network.  Addition of a new PCW shall not require any modification to any existing PCWs.  Adding PCWs shall require only a simple network tap; extensive rewiring or wiring to each group of monitoring devices shall not be required.

D. Application Software Description:
1. The PSMS shall be supplied with user-friendly application software suitable for operation on PCWs that serve as central locations by monitoring the devices in the system, recording events, indicating alarm conditions, and displaying and logging device data.

2. The application software provided shall possess a variety of preconfigured screen displays for displaying device information without the need for additional programming.

3. The software shall not require the use of software development tools (kits) or other special support tools to accommodate future additions or modifications to the system.

2.02 MANUFACTURERs
A. Square D Company.
B. Cutler Hammer.
C. Siemens.
D. General Electric.
E. Emon (sub-metering only).
F. Russelectric.
G. Caterpillar (Generator monitor only).
H. Firetrol (Firepump monitor only).
I. Powerware.
J. ASCO.
2.03 POWER MONITORING DEVICES

A. All power monitors, electronic trip units and transformer temperature monitors shall be installed by the switchgear manufacturer for all circuits.

B. All control power, Current Transformer (CT), Potential Transformer (PT) and data communications wire shall be factory wired and harnessed within the equipment enclosures.

C. Where external circuit connections are required, provide terminal blocks.  The manufacturer's Shop Drawings must clearly identify the interconnection requirements including wire type and size to be used.

2.04 CONNECTING AND NETWORKING OF POWER MONITORING DEVICES

A. All data stored in the power monitoring devices shall be accessible to external devices by means of RS-485 serial communications.

B. It shall be possible to connect from one communications port to another (daisy-chain) such that up to 100 power monitoring devices may be connected to form a continuous link extending up to 10,000 feet.  These links shall be compatible with the RS-485 multi-drop communications standards.

C. Communication rates on the link shall be a minimum of 9600
 baud to provide acceptable throughput of power monitoring device data.

D. It shall be possible to connect up to 100 of these links into a large network using network interface modules to form a high-speed power status and monitoring network.

2.05 POWER MONITORING DEVICE CHARACTERISTICS

A. Power Monitors - Type A1:
1. The power monitors shall accept inputs from industry standard instrument transformers.
a. PT primaries through 1.2 MV shall be supported, with 120 VAC secondary.

b. CT primaries through 32 CA shall be supported, with 5A secondary.

2. The current and voltage signals shall be digitally sampled at a rate high enough to provide valid data for waveform analysis and true-RMS metering accurate up to and including the 30th harmonic (fundamental of 60 Hz).

3. The power monitors shall be listed to UL 508, industrially rated for an operating temperature range of -25 degrees C to 70 degrees C and have an overcurrent withstand rating of 500 amps for one second.

4. All setup parameters required by the power monitors shall be stored in nonvolatile memory and retained in the event of a control power interruption.  Any battery or other device used to provide nonvolatile memory shall be user serviceable from the front of the power monitor and servicing shall not require removing the power monitor from the gear in which it is mounted.

5. The power monitor shall maintain in nonvolatile memory maximum and minimum values for each of the instantaneous values reported as well as the time and date that the minimum or maximum was set.

6. The power monitor shall be accurate to 0.2 percent for voltage and current metering, and 0.4 percent for all power and energy functions.

a. These accuracies shall be maintained for loads from 10 to 100 percent of full scale and for power factors from 0.5 to 1.0.

b. No periodic recalibration by users shall be required to maintain these accuracies.

c. Voltage and current for all phases shall be sampled simultaneously to assure high accuracy in conditions of low power factor or large waveform distortions (harmonics)

7. Any power monitor may be applied in single-phase, 2- or 3-wire configurations; or in 3-phase, 3- or 4-wire systems.  In 3-phase configurations, a fourth CT input shall be available to measure neutral or ground current.  If the fourth CT is not used, then a residual ground or neutral current shall be calculated by vectorial addition of the phase currents.

8. In 4-wire connections, the power monitor shall utilize the circuit neutral common reference and not earth ground to provide metering accuracy.

9. The power monitor shall be capable of being applied without modification at nominal frequencies of 50, 60 or 400 hertz.

10. The power monitor shall operate properly over a wide range of control power including 90-260 VAC or 70-260 VDC.

11. The power monitor shall flush mount in either an auxiliary or transition section of the switchgear adjacent to the section containing the circuit breaker as indicated on the Drawings.  The power monitor shall not be mounted in the door or cover of a circuit breaker. 

a. The power monitor shall be equipped with an integral 6-digit LED display to provide local access to the following metered quantities as well as the minimum and maximum value since last reset of each quantity:

1) Current, per phase RMS.

2) Voltage, phase-to-phase and phase-to-neutral.

3) Real power, per phase and 3 phase total.

4) Reactive power, per phase and 3 phase total.

5) Apparent power, per phase and 3 phase total.

6) Power factor, 3 phase total and per phase.

7) Frequency.

8) Demand current, per phase and 3 phase average.

9) Demand real power, 3 phase.

10) Demand apparent power, 3 phase.

11) Accumulated energy (mWh and mVARh).

12) THD, current and voltage, per phase.

13) K-factor, current, per phase.

14) Time of day, date and duration for each of the above items.

b. Reset of the following electrical parameters shall also be allowed from the front of the power monitor:

1) Peak demand current.

2) Peak demand power (kw) and peak demand apparent power (kVA).

3) Energy (mWh) and reactive energy (mVARh).

c. Setup for system requirements shall be allowed from the front of the power monitor.  Setup provisions shall include:

1) CT rating (xxxxx:5)

2) PT rating (xxxxxxx:120).

3) System type (single or 3 phase; 2-, 3- and 4-wire)

4) Demand interval (5-60 minutes).
5) Watt-hours per pulse.

d. All reset and setup functions shall have a means for protection against unauthorized/accidental changes.

e. Displaying each of the power monitor quantities shall be accomplished through the use of vertical scroll buttons that select the next quantity in the list appearing on the face of the device.

f. For ease in operator viewing, the display shall remain on continuously, with no detrimental effect on the life of the power monitor.

12. The power monitor shall be equipped with a front panel optical communications port as standard equipment.  The port shall be completely accessible during normal operation. The operator shall be able to quickly connect a small personal computer (PC) to this port without use of tools or splices.  This front panel port shall have all of the communication functionality of the standard hard-wired rear port.  When a connection is made to the front port, the power monitor shall disregard communication from the rear port until the front port is disconnected.

13. It shall be possible to field upgrade the firmware in the power monitor to enhance functionality.  These firmware upgrades shall be done through either the front or rear communication connection.  No power monitor disassembly or changing of integrated circuit chips shall be required.

14. The following instantaneous readings, as well as their minimum and maximum readings since last reset, shall be communicated by the power monitor:

a. Frequency.

b. Temperature (transformer).  High temperature alarm only.

c. Current, per phase RMS.

d. Current, 3-phase average RMS.

e. Current, apparent RMS.

f. Voltage, phase-to-phase and phase-to-neutral.

g. Power factor, per phase.

h. Power factor, 3-phase total.

i. Real power, per phase and 3-phase total.

j. Reactive power, per phase and 3-phase total.

k. Apparent power, per phase and 3-phase total.

l. Demand current, per phase and 3-phase average.

m. Demand real power, 3-phase average.

n. Demand apparent power, 3-phase average.

o. Accumulated energy (MWH, MVAH and MVARH).

p. Total harmonic distortion (THD), voltage and current, per phase.

q. K-factor, per phase.

r. Time of day, date and duration for the above information.

15. Power Demand Calculations:
a. All power demand calculations shall be done by any one of the following calculation methods, selectable by the user:

1) Total demand using a sliding window updated every 15 seconds.  The window length shall be set by the user from 5 to 60 minutes in 5-minute increments.

2) Block interval, with optional subintervals.  The window length shall be set by the user from 5 to 60 minutes in 5-minute intervals.  The user shall be able to set the subinterval length from 5 to 30 minutes in 5-minute intervals.

3) External pulse synchronization, utilizing a synch pulse provided externally.  An optional status input shall be used to sense the pulse.

4) Sliding block interval with continuous sliding 15-second subintervals.

b. The following demand readings shall be reported by the power monitor:

1) Average demand current, per phase.

2) Peak demand current, per phase.

3) Average demand for real power, reactive power and apparent power.

4) Predicted demand for real power, reactive power and apparent power.

5) Peak demand for real power, reactive power and apparent power.

c. The default demand calculation method shall be a 15-minute sliding window thermal demand.

16. Each power monitor shall be capable of receiving a broadcast message over the communications network that can be used to synchronize demand calculations by several power monitors.  This message need not be addressed specifically to any one (1) power monitor.

17. Each power monitor shall be individually capable of operating an output relay to provide the master demand synch pulse for other metering devices.

18. Energy Readings:

a. The following energy readings shall be reported by the power monitor:

1) Accumulated energy.

2) Accumulated reactive energy.

3) Accumulated apparent energy.

b. For real and reactive energy reported values, separate totals for energy flow in each direction shall be kept, as well as an arithmetic sum.

c. Each power monitor shall be capable of operating a solid-state KYZ output relay to provide output pulses for a user definable increment of reported energy.  Minimum relay life shall be in excess of one billion operations.

19. In addition to the listed standard power monitor features, all power monitors shall include waveform capture capability.  Two (2) types of waveform capture shall be supported. One (1) shall record data for four (4) cycles of input voltage and current (60-cycle nominal), the other shall record twelve (12) cycles of data.

a. Either type of waveform capture shall be initiated from the PCW running the appropriate PSMS software.  In addition, the 12-cycle waveform shall be initiated by an external trigger.  The trigger shall be sensed and the waveform capture sequence initiated within one (1) millisecond.  A user definable delay shall determine how many of the 12 cycles are shown before and after the trigger event.

b. The power monitor shall capture, and store in nonvolatile memory, 64 digitally sampled data points for each cycle of each phase voltage and current.

c. The power monitor shall transmit the waveform samples over the network to the PCW for display, archival, and analysis.

d. Each voltage and current of all the phases shall be sampled concurrently so that proper phase relationships are maintained, so that harmonic flow analysis can be performed, and so that the effect of a disturbance can be observed on all phase voltages and currents.

e. Harmonic analysis performed on the captured waveforms shall resolve harmonics through the 30th.

f. The data used for the four-cycle waveform capture display shall also be used to derive metered quantities in order to provide meaningful additional data.

g. All waveforms must reflect actual circuit performance.  Waveforms synthesized or composed over time shall not be acceptable.

20. Data logging may be accomplished either within the power monitor or at the PCW, or both.  Each power monitor shall be able to log data, alarms and events, and multiple waveforms.  This information shall be communicated to the PCW upon demand.  Logged information to be stored in each power monitor includes:

a. Up to 10 separate data logs shall be configurable by the user. Each log entry shall be date and time stamped.  Each log entry shall be user configurable to consist of from one to a minimum of 25 readings of instantaneous data, depending on the type of data.  It shall be possible to set up each log to take data at a different user defined schedule interval.  In addition, it shall be possible for a user to define an event or new minimum/maximum condition that will trigger log file entries.

b. Data logs can be configured by users to be Stop When Full or Circular (FIFO).

c. A minimum/maximum log file shall include the time, date and value for the minimum and maximum of each metered value.

d. An alarm and event log shall contain time, date, event information and coincident information for each user defined alarm or event.  This log shall have a capacity of up to 1,000 events.

e. Waveform logs shall store captured waveforms, both 12-cycle and 4-cycle, as defined by the user.  Waveform log entries shall be scheduled at a user defined interval, externally triggered, or forced in response to a user-defined event.  Waveform logs shall be either Stop When Full or Circular (FIFO) as defined by the user.

f. A simple user interface shall be provided to enable the user to allocate power monitor memory to different log functions.

21. Power Monitor Input/Output:  Power monitors shall be equipped with one solid-state output suitable for KYZ pulse initiation and eight solid-state status inputs.

a. Automatic Transfer Switch Inputs:  Each automatic transfer switch will be provided with contacts that indicate the switch position.  One contact is closed when the switch is in normal position and one contact is closed when the switch is in the emergency position.  Each switch shall be connected to the PSMS system and shall be included in the display and logging.

b. Transformer Temperature Monitor Inputs:  Each cast coil transformer will have temperature monitor with a high temperature alarm.  This alarm will include dry contacts.  These contacts shall be connected to the PSMS system and shall be included in the display and the logging as an alarm condition.

22. Alarm events shall be user definable.  Alarm events shall include:

a. The following classes of events shall be available as alarm events:

1) Over/under current.

2) Over/under voltage.

3) Current imbalance.

4) Phase loss, current.

5) Phase loss, voltage.

6) Voltage imbalance.

7) Over kVA.

8) Over kW or kvar into/out of load.

9) Over/under frequency.

10) Under power factor, true or displacement.

11) Over THD.

12) Over K-factor.

13) Over demand, current or power.

14) Reverse power.

15) Phase reversal.

16) Status input change.

17) Cast coil transformer high temperature.

18) Time of day, and date for each of the above. 

b. For each alarm event, the user shall be able to define a pickup, dropout and delay.

c. There shall be three (3) alarm severity levels in order to make it easier for the user to respond to the most important events first.

d. Indication of an alarm condition shall be given on the front panel.

23. Output Relay Control - Type A2:
a. Relay outputs shall operate either by user command sent over the communication link, or set to operate in response to user defined medical alarm event.

b. Output relays shall close in either a momentary or latched mode as defined by the user.

c. Each output relay used in a momentary contact mode shall have an independent timer that can be set by the user.

d. It shall be possible for individual relay outputs to be controlled by multiple alarms in a wired “OR" configuration.

B. Electronic Trip Units:

1. Electronic trip units shall be provided as designated on the Drawings.

2. Electronic trip units shall provide the following breaker/trip unit information to the PSMS network:

a. Breaker frame type.

b. Breaker sensor rating.

c. Rating plug.

d. Current flow through the circuit breaker.

3. Electronic trip units shall provide the following trip information to the PSMS network:

a. Date/time of last trip.

b. Type of last trip (overload, short circuit, ground fault).

c. Magnitude of phase and ground fault at time of last trip.

d. Breaker status.

4. Electronic trip units shall provide the following maintenance information to the PSMS network:

a. Number of overload trips.

b. Number of short circuit trips.

c. Number of ground fault trips.

C. Transformer Temperature Monitors:  Local only except for the transformer coil temperature monitor, dry high-temperature alarm contact, which shall be connected to the PSMS network for each transformer where indicated.

D. Motor Protection Relay - Type B1 – 100 Horsepower or Greater or Medium Voltage:
1. Provide a definite purpose microprocessor-based Motor Protective Relay (MPR) in each starter 100 for protection, control and monitoring of the motors.  The MPR shall meet UL 1053, CUL and CSA standards.

2. The true RMS current into the motor shall be constantly monitored, and by means of a protective algorithm, separated into positive and negative sequence components.  These components shall be used to determine the heating effects on the stator and rotor of the motor to provide maximum motor protection and utilization.  The relay shall be capable of being connected by three-wire conductor or fiber optic to a remote Universal Resistance Temperature Detection Module (URTDM) located at the motor to monitor up to six (6) motor winding, four (4) bearing and one (1) auxiliary RTD inputs.  The MPR shall integrate the temperature input data from the URTDM with the protective algorithm.  The protective curve algorithm shall be adaptive based on the motor temperature as measured by the URTD.  The protective algorithm shall provide faster trip times for higher temperatures providing maximum motor protection and shall operate with a longer trip time for lower temperatures allowing maximum motor utilization.  The MPR shall provide the following protective functions:

a. Motor running time overcurrent protection. 

b. Adjustable instantaneous overcurrent protection with adjustable start delay in one-cycle increments.
c. Adjustable current unbalance protection - adjustable in percent unbalance.
d. Rotor protection.
e. Underload trip with start and run time delays. 

f. Jam trip with start and run time delays.
g. Auxiliary overtemperature protection with URTDM.
h. Residual ground fault protection (50/51N) with adjustable start delay and run delay in one-cycle increments.
i. Stator protection with URTDM. 

j. Motor bearing overtemperature protection with URTDM. 

k. Load bearing overtemperature protection with URTDM. 

3. Only the following settings shall be needed to define the motor thermal protection curve:
a. Motor full load amperes (FLA).
b. Locked Rotor Current in percent of FLA.
c. Locked rotor stall time in seconds.
d. Ultimate trip current based on motor service factor.

4. The following control functions shall be provided by internal solid-state based timers or relays:

a. Incomplete sequence delay. 

b. Limitation on number of starts per time period in minutes. 

c. Anti-backspin time delay. 

d. Programmable transition relay based on current and/or time.

e. Time between starts.
f. Number of cold starts.
g. Mechanical load shedding and restore function with timers.

h. Zero speed switch input timer for use with long accelerating time motors.

5. The MPR shall have a real-time clock for time tagging of events, operations, and history.  The relay shall have quick and easy access to monitored values, view settings, motor history and motor log records.  The relay shall monitor and display the following:

a. Motor currents:  Average current (Iave), individual phase and ground current in primary amperes and percent of full load and percent phase unbalance.
b. Motor RTD:  Individual winding, motor bearing, load bearing, and auxiliary temperatures.
c. Motor:  Percent I²t (thermal accumulation), time until next start can occur, remaining number of starts, and time left on oldest start.

6. The MPR shall be capable of accommodating external current transformers with ranges from 10/5 through 4000/5 amperes.  Provide three (3) current transformers sized per manufacturer’s recommendations based on motor full-load amperes and service factor.  Where ground fault protection is specified, it shall be from an independent measuring circuit that utilizes either a separate zero sequence current transformer or residual scheme utilizing the three-phase current transformers.  For zero sequence ground fault protection provide 50/5-ampere zero sequence transformer.

7. Two (2) user programmable discrete inputs shall be provided for external control or trip functions.  Programmable input functions shall be included for shut down based on external contacts for incomplete sequence of operation and remote trip, remote reset, differential trip, motor stop, reset disable, zero speed switch or emergency override.

8. The MPR shall be capable of providing a 4-20 mA output signal proportional to either the average of the three-phase currents, hottest winding RTD temperature or I²t level.

9. The unit shall draw its power from a separate source of 120-volt or 240-volt power supply. 

10. Provide separately mounted RTDM, mounted near the motor, to provide up to six (6) stator RTDs, two (2) motor bearing RTDs, and two (2) load bearing RTDs and one (1) auxiliary RTD.

11. The device shall have separate Form C (NO/NC) Trip, two (2) programmable Form C (NO/NC) Alarm and Auxiliary contacts.  All contacts shall have ratings of 10-amperes at 115/240V AC or 30V DC resistive.  The alarm and auxiliary relay output contacts shall be programmable to operate from any internal protection function or from a discrete input signal such as differential trip or remote trip.  All contacts shall be programmable to function in either a mode 1 (non-fail safe) or mode 2 (fail safe) operation.  The device shall be capable of providing a 4-20 mA output signal proportional to one of the following user-selectable parameters:

a. Average of the three-phase currents.
b. Hottest winding RTD temperature.
c. I²T level.

12. The relay shall be capable of monitoring electrical current, receiving commands from remote sources either by contact closures or digital data, giving commands by means of contact closure to the motor starters and other devices under its control.  The MPR shall be capable of displaying information by alphanumeric display to the operator or by digital communication signals to a remote location.

a. The combination relay and operator panel shall be mounted on the door of the starter. Specific data entry to suit the actual motor application shall be programmed into the device by means of the operator panel pushbuttons.

b. Entered data shall be stored in non-volatile memory so as not to require battery back-up.  Non-volatile memory shall be capable of storing all setup information even after power failure, all monitored information at the time of a trip, and cause of trip even after power failure.  Access to all programmed set points shall be restricted by means of a secured and sealed access cover.

c. Alphanumeric display shall read out (in English) complete description of all protective functions e.g., “instantaneous overcurrent” and all monitored and programmable data such as “percent of full load in amps” and “motor bearing temperature.”

d. The MPR shall be user-selectable as to being programmable while the motor is running or require a motor shut down for programming.  If configured for programming while the motor is running, the protection shall stay active while programming is based on previous settings.  Upon the user exiting the programming mode, the new settings shall take effect.

e. The MPR shall have a user-selectable emergency override feature to reset I²t thermal accumulation and de-active start inhibit timers for emergency starting of the motor.  The emergency override feature shall be capable of being activated from an access-restricted button, communications or via a contact input into the MPR.

f. The MPR shall provide a programmable control function for reduced voltage applications for the transition from reduced to full voltage starting.  The transition shall be programmable based on current, time, current and time.

13. The MPR shall provide the following data logging and display capability for history including the date and time from when the history was last reset and counting began.  The history shall include:

a. Resettable motor history for operational counter, runtime, highest starting and running currents, highest percent phase unbalance, maximum winding, bearing and load RTD temperature, and number of emergency overrides.

b. Re-settable trip history for number of trips for ground faults, overloads, instantaneous overcurrent, JAM, underload, phase unbalance, RTDs, phase reversal, incomplete sequence, remote differential, communication, starts exceeded, time between starts, and transition.

c. Re-settable Alarm history for number of alarms, for ground faults, overloads, JAM, underload, phase unbalance, RTDs, starts exceeded.

d. A permanent history record which cannot be reset shall include total trips, run time and operations count.

e. A log book including a chronological list of events or operations as detected by the MPR, such as, starts, stops, setting change, emergency override, trips, alarms or changes in the state of discrete inputs.

f. An event log providing detailed information on trips and alarms including phase and ground currents, percent phase unbalance, maximum RTD temperatures and cause of trip or alarm.

g. A start log providing information on the four most recent starts including maximum phase, and ground starting current, maximum percent unbalance, time from start to transition, current at transition, and time from start to run or trip.

14. The MPR shall be provided in a quick release drawout case.  The MPR shall have a user-programmable armed/disarmed feature with alarm indication.  The disarmed mode shall permit relay installation while the motor is running with the trip outputs blocked.  The draw-out case shall have a spare self-shorting contact to allow for continuous motor running or relay removed alarm functions. 

15. Provide an addressable communications card capable of changing set points, transmitting all data, including trip/alarm data, a starting profile of the average phase current for the two most recent starts, all over a two-wire area network to a central computer for storage and/or printout.  The network shall also be capable of transmitting data in RS-232c format via a translator module.

16. Universal RTD Module:
a. Provide an electronic Universal Resistance Temperature Detector Module (URTDM) for use with associated Motor Protective Relay (MPR).  The URTDM shall have the following specified features and functions. The URTDM shall be UL recognized, CSA certified, and also meet appropriate ANSI standards.

b. The URTDM shall be capable of monitoring RTDs of the 3-lead type or 2-lead type as provided by the motor manufacturer.  The URTDM shall be capable of monitoring up to eleven (11) RTD inputs of four (4) function groups as follows: Six (6) for motor windings, two (2) for motor bearings, two (2) for load bearings and one (1) auxiliary input.  The URTDM shall be field DIP switch programmable to accept any of the following types of RTD inputs: 

1) 10-ohm copper.
2) 100-ohm platinum.
3) 100-ohm nickel.
4) 120-ohm nickel. 

c. It shall be possible to field select a different type RTD for each of the four (4) function groups.

1) The URTDM shall operate from 120V AC power (+15 percent, -15 percent), 50 Hz or 60 Hz.  Provide appropriate control power transformer when URTDM is located in motor starter assembly or appropriate 120 volt circuit when located at the motor.

2) The URTDM shall be suitable for location at the MPR or at the motor as indicated on the Drawings.  The URTDM module, when located at the motor, shall be capable of transmitting all temperature information to the MPR over 3 conductor shielded cable up to a maximum distance of 2,000 feet or via a fiber-optic link up to a maximum distance of 400 feet.  Provide shielded cable or fiber-optic link, as shown on the Drawings, or as recommended by the manufacturer.

3) The URTDM shall be suitable for operating temperatures from 0 to 70 degrees C and suitable for humidity of 0 to 95 percent RH non-condensing.  It shall be in a NEMA 1 enclosure or as indicated on the Drawings, depending upon the environment in which it is installed.

4) When the Drawings indicate the URTDM is utilized for monitoring temperature only, without an MPR device, a communication module shall be supplied which jacks into the URTDM and shall be capable of communicating temperature information up to 10,000 feet over a twisted pair network to a remote master control station.

E. Microprocessor Modular Overload Relay - 25 Horsepower to 100 Horsepower - Type B2:
1. Provide a definite purpose microprocessor-based Motor Overload Relay (MOR) for protection, control and monitoring of the motors (25-100 horsepower).  The relay shall meet UL 508 standards.

2. The sinusoidal current into the motor shall be constantly monitored. The relay shall provide the following field-adjustable protective functions:

a. Motor overcurrent protection.
b. Class II ground fault protection.
c. Phase unbalance protection.
d. Overtorque (jam) protection with trip and start delays.
e. Underload protection with trip and start delays.
f. Long acceleration delay.

3. The relay shall have LED annunciation for the following conditions:

a. Normal operation.
b. Trip due to overload.
c. Trip due to ground fault.
d. Trip due to phase unbalance.
e. Trip due to overtorque (jam).
f. Trip due to underload.

4. The relay shall not require external current transformers for applications up to 226 amperes for motors rated less than 1000V AC.  Where larger motors are involved, external current transformers shall be used.  The relay shall include terminals for remote trip and remote reset.  The relay shall draw its power from a source of 120-volt or 240-volt control power.

5. The relay shall have separate Form C (NO/NC) Trip and Bell Alarm contacts with a rating code of C300 per UL 508.

6. The relay shall be capable of monitoring electrical current and energizing or de-energizing, by means of contact closure, the motor starters or other devices under its control.

7. The relay shall be either panel-mounted or starter-mounted.  The settings on the relay shall be made via programmable DIP switches.

8. The cause of trip shall be held in memory through any power loss.

9. The relay shall have the capability for manual reset by an internal reset button.

10. Terminals shall be heavy-duty snap-in for easy connections.

11. Provide a special function module with two (2) separate Form C (NO/NC) relay contacts.  Contact status change shall be based on a programmable level of current.  Contact function shall be available for either:

a. Mechanical jam and underload; or

b. Alarm prior to trip or remote motor start-stop for load control.

12. Provide an addressable communications card capable of transmitting all data, including trip and settings over a two-wire area network to a central computer for storage and/or printout.  The network shall also be capable of transmitting data in RS-232 format via a translator module.

F. Sub-Metering - Type M:
1. Meter shall be fully electronic with Liquid Crystal Display (LCD) display for kilowatt hour readings. Meter shall provide rate of consumption indication and also a segment test button to ensure integrity of the display (KWH Meter only).

2. Meter shall provide a load indicator to indicate real time power consumption levels for field testing and certification.

3. Meter shall be enclosed in a heavy duty JIC steel enclosure for indoor installation. Meter enclosure shall provide method of locking to prevent unauthorized access.

4. Meter shall be UL Listed, CSA Approved and certified by a nationally recognized independent test facility to ANSI C12.1 and C12.16 Specifications with split-core current sensors.

5. Demand reading will show the highest peak demand and date and time peak occurred over a time period consistent with the local utility.

6. Meter shall be provided with a self contained backup system to maintain memory and display during power failures.

7. Meter shall use 0-2 V voltage output current sensors to allow paralleling and/or mounting up to 2,000 feet from the meter.  Sensors shall be of split core configuration to allow installation without powering down.  Sensors shall be available from 25 amps to 3200 amps (Meter tested to ANSI C12.1 and C12.16 with current sensors.)  Sensors shall be optionally available in solid-core configuration.

8. Meter shall be provided with a modular connector (s) to provide interfacing for: 

a. AMR (Automatic Meter Reading). 

b. Pulse modules. 

c. Analog signal modules. 

d. Energy control modules. 

e. Instantaneous demand displays.
9. Meter shall be compatible with the PSMS and software.

10. Automatic Meter Reading System shall be capable of reading kWh and kWh/Demand meters through the PSMS and software.

11. Automatic Meter Reading System shall utilize RS-232/485 communications and will operate up to 4,000 feet (per input) from the computer.

12. Automatic Meter Reading System shall be able to communicate through optional modems at a baud rate of up to 19,200 BPS, allowing system to operate wherever telephone communication is available.

G. Automatic Transfer Switch - Type C1:
1. The CPU shall be equipped with self diagnostics which perform periodic checks of the memory I/O and communication circuits, with a watchdog/power fail circuit.



2. The controller shall also be capable of monitoring, logging and trending power data.

3. The controller shall be accurate to 1 percent measured.  Voltage and current for all phases shall be sampled simultaneously to assure high accuracy in conditions of low power factor or large waveform distortions (harmonics).

4. The controller shall be capable of operating at nominal frequencies of 45 to 66 Hz.

5. The controller shall accept inputs from industry standard current transformers (5A secondary).  Direct phase voltage connections, 600 VAC and under, shall be possible without the use of PTs.

6. The controller shall be capable of being applied in single or 3-phase, three and four wire circuits.

7. All setup parameters required by the controller for power monitoring shall be stored in non-volatile memory and retained in the event of a control power interruption.

8. The following metered readings shall be communicated by the Controller, via local display and serial communication.

a. Current, per phase RMS and neutral.
b. Current unbalance percentage.
c. Voltage, phase-to-phase and phase-to-neutral.
d. Voltage unbalance percentage.
e. Real power (KW), per phase and 3-phase total.
f. Apparent power (KVA), per phase and 3-phase total.
g. Reactive power (KVAR), per phase and 3-phase total.
h. Power factor, 3-phase total and per phase.
i. Frequency.
j. Accumulated energy, (kWh, kVAh, and kVARh).
9. Displaying each of the metered quantities shall be accomplished through the use of menu scroll buttons.

10. Setup for systems requirements shall be allowed through the local access display.  Setup provisions shall include:

a. CT rating (xxxxx:5).
b. System type (single; three phase, 3 or 4 wire).
11. Reset of the following electrical parameters shall also be allowed from the local access display:

a. Real Energy (kWh)

b. Apparent Energy (kVAh)

c. Reactive Energy (kVARh)

12. All reset and setup functions shall have a means for protection against unauthorized/accidental changes.

13. The controller shall be capable of storing records in memory for access either locally or remotely for up to 100 events.  The reports shall include date, time and a description of the event and shall be maintained in a non volatile memory.

14. The controller shall use industry standard open architecture communication protocol for high speed serial communications via multidrop connection to other controllers and to a master terminal with up to 4000 feet of cable, or further, with the addition of a communication repeater.  The serial communication port shall be RS422/485 compatible.

15. The serial communication port shall allow interface to either the manufacturer’s or the Owner’s furnished remote supervisory control.

16. The controller shall have password protection required to limit access to qualified and authorized personnel.

17. The controller shall include a 20 character, LCD display, with a keypad, which allows access to the system.

18. The controller shall be capable of storing the following records in memory for access either locally or remotely:

a. Number of hours transfer switch is in the emergency position (total since record reset).

b. Number of hours emergency power is available (total since record reset).

c. Total transfer in either direction (total since record reset).

d. Date, time, and description of the last four source failures.

e. Date of the last exercise period.

f. Date of record reset.

19. System should be capable of being added to an existing web-based system of the same kind should the system already exist.

H. Generator Monitoring System - Type C2:
1. The generator monitoring system shall consist of monitoring devices as described herein.

2. The manufacturer shall demonstrate the system is not a prototype and that similar systems have been field installed and successfully operated for at least three (3) years.

3. The generator set control panel shall control, protect, meter and annunciate all functions necessary to confirm the operational status of the generator set.

4. It shall be designed and built by the engine - generator manufacturer, mounted on the generator with options of facing each side or rear, and incorporate 100 percent solid state microprocessor based control circuitry, with circuitry, keypad controls, and digital metering.

5. Annunciation shall include individual alarm lights, which will allow fault identification while retaining a view of generator operating parameters, and a silencable audible alarm and meet the standards of NFPA 110.

6. Fault condition set points shall be verified without exposing the generator set to the actual condition.  

7. Engine governing and overspeed fault circuitry shall utilize individual circuitry to assure speed control protection.  

8. Governor, voltage regulator, or complete panel shall be capable of mounting remotely, and shall be compatible with controls of various manufacturers.

9. Circuitry shall be sealed in a dust tight and watertight module with sealed wire entries into the enclosure.  

10. Internal terminal strips shall be both crimped and soldered to assure circuit integrity.  Panel module shall comply with IP 64 and NEMA 4 for environmental protection, while the total panel shall qualify for IEC 144, IP 22 and NEMA 12.  Panel functions shall be identified by ISO labels.

11. All power monitoring devices shall be capable of communicating with the PSMS.

12. Alternator AC Output Metering Devices:

a. The backlit LCD shall display frequency, three-phase voltage, amperage, with minimum numeral height of 15 mm (0.6 in.).  

b. Power metering shall also provide display kW, kVAR, power factor (PF), kVA, percentage rated, kWHr, and L-N voltages.

c. Phase selection shall be accomplished by a keypad switch on the face of the panel.

d. Accuracy shall exceed 0.5 percent true RMS throughout a temperature range of -40 to +70 degrees C. Distorted generator output voltage waveform of a crest factor less than 5 shall not affect metering accuracy, and metering shall have electrical noise immunity of 100 volts/meter.

e. All electronics shall comply with NEMA 6 and IP.

13. Engine Monitoring Devices:
a. Backlit LCD to sequentially rotate display of operating hours (reprogrammable), engine RPM, battery DC volts, oil pressure, and jacket water temperature.  

b. A momentary switch shall be provided to continuously display a selected operating parameter.  

c. The display shall provide specific codes for fault shutdowns, cycle programming, and diagnostic codes for trouble shooting.  

d. Set points shall be programmable through a front mounted keypad, and sensor operation confirmed by a verification procedure.  

e. Engine monitoring signals provided by pulse width modulating (PWM) lubricating oil pressure and coolant temperature sensors and communicated directly to the panel control module.  

f. The safety logic shall alarm or shut the engine down if the signal is lost.

14. Controls:
a. Alternator voltage level rheostat and frequency control shall be mounted on the panel face.  

b. The engine start-stop switch shall be door mounted and include positions for off/reset, run/start, stop, and automatic mode.  

c. Start-stop logic shall have provisions for cycle cranking programmable from 5 to 60 second cycles, for total crank time of 5 to 120 seconds

d. Cooldown operation shall be programmable from 0 to 30 minutes, with a signal to allow removal of the load from the generator set during cooldown.

15. Shutdowns/annunciation:
a. The generator set shall shut down and red flashing LEDs shall signal operational faults of overcrank, overspeed, high water temperature, and low oil pressure.  

b. High water temperature, low coolant level, and low oil pressure shall be programmable for shutdown or alarm.  

c. A minimum of three (3) spare fault inputs shall be available which can be programmed for alarm or shutdown, with 0-250 second time delay.  

d. There shall be a lamp test switchpad accessible from the front of the panel.

e. Programmable Protective Relay Functions shall be provided for under voltage, over  voltage, over frequency, under frequency, reverse power, over current (phase and  total), and kW level.

16. Safety Devices:
a. ISO red emergency stop push button shall be provided, and all controls, annunciation, and monitors labeled with ISO symbols.

b. Fuel shut-off fire links shall be provided with fuel leak detection

17. Service:
a. Complete viewing and programming of panel functions shall be possible from the panel face.  

b. Features shall include a fault history log, engine alarm and shutdown set points, password protection, spare input programming, hourmeter programming, voltmeter/ammeter programming, and AC calibration.   

18. Remote Operation:

a. Provision for a remote communication module (CCM) shall allow distant computer control (via telephone line) of up to eight (8) paralleled generator sets, including start/stop operation, and viewing all system parameters available from the control panel and meet NFPA 110 requirements.

b. EMCP diagnostic fault system not in automatic alarm.
c. High coolant temperature alarm.
d. Low coolant temperature alarm.
e. Low oil pressure alarm.
f. Low oil pressure fault.
g. High coolant temperature fault.
h. Overcrank fault.
i. Overspeed fault.
j. Generator output breaker in open position.

19. Alarm - NFPA 99 and 110 Solid State:
a. NFPA-99 and 110 requirements shall be satisfied by a solid state 24 volt DC microprocessor alarm module mounted in the panel and including red and yellow flashing LEDs and silencable alarm horn to annunciate alarm conditions for high and low coolant temperature, low oil pressure, low DC voltage, and system not in automatic.  

b. The horn shall resound on subsequent alarms after silencing/acknowledgement, with the flashing LED displaying a solid light until the condition is corrected.  

c. Low fuel level alarm and two (2) spare LEDs shall be available to accept remote switch inputs.  

20. Remote Annunciator Panel - NFPA 99 and 110 Solid State:
a. NFPA-99 and 110 requirements for remote annunciation shall be satisfied by a remote mounted solid state panel which includes red and yellow indicating lights and silencable alarm horn for low oil pressure shutdown, low coolant temperature alarm, high coolant temperature shutdown, overcrank, overspeed shutdown, low fuel level alarm (via customer switch), battery charger malfunction (via charger switch), generator on load (via customer switch).  

I. Fire Pump Controller Monitor - Type C3:
1. This subsection specifies the requirements for a Fire Pump Controller Monitoring System (PSMS) for both local and remote monitoring of the automatic transfer switch.

2. System Description:
a. The fire pump controller shall consist of monitoring devices as described herein.

b. The manufacturer shall demonstrate the system is not a prototype and that similar systems have been field installed and successfully operated for at least three (3) years.

c. The monitor interface shall monitor and display motor operating conditions including all alarms, events, and pressure conditions.  All alarms, events, and pressure conditions shall be displayed with a time and date stamp.  The display shall be a 2-line, 20-character, vacuum fluorescent, dot matrix type designed to allow easy viewing from all angles and in all light conditions.  The display and interface shall be NEMA rated for Type 2, 3R, 4, 4X, and 12 protection and shall be fully accessible without opening the controller door.  The display and user interface shall utilize multiple levels of password protection for system security.  A minimum of three (3) password levels shall be provided.  The display shall be capable of being programmed for any language. The controller shall have two (2) asynchronous serial ports.

d. All monitoring devices shall be capable of communicating with the PSMS.

3. Monitor Interface - Digital Status/Alarm Messages: The digital display shall indicate text messages for the status and alarm conditions of:

a. Motor On.
b. Minimum Run Time/Off Delay Time.
c. Fail to Start.
d. Under Voltage.
e. Locked Rotor Trip.
f. Over Frequency.
g. Motor Over 320 percent.
h. Motor Overload.
i. Printer Error.
j. Pressure Error

k. Sequential Start Time.
l. Local Start.
m. Remote Start.
n. System Battery Low.
o. Over Voltage.
p. Low Suction Pressure.
q. Emergency Start.
r. Drive Not Installed.
s. Disk Error.
t. Disk Near Full.
u. The Sequential Start Timer and Minimum Run Timer/Off Delay Timer shall be displayed as numeric values reflecting the value of the remaining time.

4. LED Visual Indicators - LED indicators, visible with the door closed, shall indicate:

a. Power On.
b. Pump Running.
c. Alarm.
d. Deluge Open.
e. Phase Failure.
f. Inter Lock On.
g. Emergency Isolating Switch Open.
h. Low System Pressure.
i. Transfer Switch Normal.
j. Transfer Switch Emergency.
k. Phase Reversal.
l. In addition to the standard alarm contacts required by NFPA 20, the digital display module shall have N.O. and N.C. contacts for remote indications of any digitally displayed alarm and N.O. and N.C. contacts for remote indication up to eight (8), specified, programmable alarms.

5. Data Logging:  The digital display shall monitor the system and log the following data:

a. Motor Calls/Starts.
b. Last Trip Currents.
c. Last Breaker Trip.
d. Minimum Voltages.
e. Maximum Voltages.
f. Last Phase Failure.
g. Last Phase Reversal.
h. Minimum/Maximum Pressure.
i. Elapsed Motor Run Time.
j. Elapsed Power On Time.
k. Maximum Run Currents.
l. Minimum Run Currents.
m. Last Motor Rum Time.
n. Last Start Currents.
o. Minimum/Maximum Frequency.
6. Event Recording:
a. Memory:  The controller shall record all operational and alarm events to system memory.  All events shall be time and date stamped and include an index number.  The system memory shall have the capability of storing 3000 events and allow the user access to the event log via the user interface.  The user shall have the ability to scroll through the stored messages in groups of 1,10, or 100.

b. Communications:  The controller shall feature two (2) independent communications ports to allow connectivity to computers, modems, or building management systems.

7. Operation:
a. A digitally set On Delay (Sequential Start) timer shall be provided as standard.  Upon a call to start, the user interface shall display a message indicating the remaining time value of the On Delay timer.

b. The controller shall be field programmable for manual stop automatic stop.  If set for automatic stopping, the controller shall allow the user to select either a Minimum Run Timer or an Off Delay Timer.  Both timers shall be programmable through the user interface.

c. The controller shall be fully programmable to allow up to eight (8) custom alarm messages to be displayed on the user interface.

d. A nonadjustable restart delay timer shall be provided to allow the residual voltage of the motor to decay prior to restarting the motor.  At least two (2) seconds, but no more than three (3) seconds, shall elapse between stopping and restarting the pump motor.

e. A weekly test timer shall be provided as standard.  The controller shall have the ability to program the time, date, and frequency of the weekly test.  In addition, the controller shall have the capability to display a preventative maintenance message for a service inspection. The message text and frequency of occurrence shall be programmable through the user interface.

J. UPS Monitoring System - Type C4:

1. This subsection specifies the requirements for a UPS Monitoring System (PSMS) for both local and remote monitoring of the UPS.

2. Monitoring:  The UPS monitoring shall have the following design and operating characteristics:

a. All operating and protection parameters shall be firmware controlled, thus eliminating a need for manual adjustments.  All adjustments and calibrations shall be performed without the use of potentiometers.  Printed circuit boards, replacement shall be possible without requiring calibration.

b. All configuration, setup and calibration information shall be stored in non-volatile memory that does not require a control battery for data storage.

c. Monitoring and communications logic shall be independent of the Rectifier/Charger and Inverter control logic.  Circuitry and firmware required for monitoring and communications logic shall be functionally isolated from the Bypass, Rectifier/Charger and Inverter controls.  Monitoring firmware shall be field upgradeable.

3. Monitor Panel Indicators:  The UPS module shall be equipped with a monitor panel providing the following monitoring functions and indicators (each alarm and notice condition shall be accompanied with an audible alarm):
a. NORMAL:  This symbol shall be lit when the UPS module is operating in Normal mode.

b. BATTERY:  This symbol shall be lit when the UPS module is operating in Battery mode.  The Normal indicator also remains lit.

c. BYPASS:  This symbol shall be lit when the UPS module is operating in Bypass mode.  The critical load is supported by the Bypass source.  The Normal indicator shall not be lit when the UPS module is in Bypass mode.

d. NOTICE:  This symbol shall be lit when the UPS module needs attention.  Some notices may be accompanied by an audible horn.  Notices shall include:

1) Bypass not available.
2) Battery undervoltage.
e. ALARM:  This symbol shall be lit when a situation requires immediate attention.  All alarms shall be accompanied by an audible alarm.  Alarms shall include:

1) Over temperature.
2) Output overload.
3) Inverter failure.
4) Rectifier/Charger failure.
5) Shutdown imminent (Low battery in Emergency mode).
f. STANDBY:  This symbol shall be lit when electricity is present in the rectifier and Inverter while the Normal indicator is not lit.  During normal Start-up this indicator shall remain lit until the UPS module transfers to Normal mode, at which time the Normal indicator shall light.  During normal shutdown the Standby indicator shall remain lit until all energy in the UPS module is dissipated and shutdown is complete.

4. Monitor Panel Controls:  The UPS module shall be equipped with a monitor panel providing the following control functions:

a. Menu and Cursor Controls: Selects, displays and scrolls data on the LCD.

b. Horn Silence: Silences the current audible alarm(s). The horn shall sound again if new alarms occur.

c. Screen Adjust: Controls the liquid crystal display contrast.

5. Monitor Panel LCD: The UPS module shall feature a liquid crystal display with 30 lines of information, 80 characters wide.  The display shall feature an autoblanking feature.  Graphical user screens shall be provided on the Monitor panel LCD to display the UPS module’s operating parameters.  The monitor panel pushbuttons shall be used to access information in these screens.  Information in the meter screen and alarm history screen shall be available to a remote terminal or printer through the RS-232 (EIA/TIA-232) communication port.  The screens shall include:

a. Common Information:  The following information shall be presented on the LCD panel at all times:

1) UPS Module Identification: A user programmable UPS module identification of up to 45 characters.

2) UPS module status.

3) Highest priority active alarm.

4) Highest priority active notice.

5) Real time clock, featuring time and date indications, which is programmable from the monitor panel.

6) Real-time battery time available (in the event a utility outage occurs) for the current critical load.

b. UPS Module Meter Screen:  Real-time digital metering of:

1) Rectifier/Charger inputs: Voltage (per phase, RMS), current (per phase), frequency, kW, kVA, power factor.

2) UPS module outputs:  Voltage (per phase, RMS), current (per phase plus neutral), frequency, kW, kVA, power factor.  Output voltage and current sensing shall independent of the Inverter controls.

3) Bypass inputs:  Voltage (per phase, RMS).

4) DC link voltage.

5) Battery charge and discharge current.

c. Output Current Screen:  Bar graph display of the percent output current of each phase.

d. Event History Screen:  Shall display up to 400 of the most recent events by date and time.  Time shall be displayed in tenths of seconds (0.1 sec) and recorded in thousandths of seconds (0.001 sec).  The screen shall define and display events as alarms, notices, commands or status.  A brief description shall be provided for each event recorded on this screen.  When a system event occurs, a message shall be added to the Event History Log.  The message shall optionally appear on the Monitor Panel of the UPS.  

e. Active Events Screen:  Shall automatically display a list of active alarms and notices.

f. Statistics Screen:  This screen shall display the following:

1) Time on battery:  A record shall display the duration and frequency of utility outages in the life of the batteries and in the current month.

2) Building alarms:  A record shall display the frequency of each building alarm enunciation in the life of the UPS module and in the current month.

3) Operational History:  A record shall display the total amount of time the UPS module has been in the each of the following modes of operation: Normal, Bypass and Battery.  A record shall display the total amount of time the UPS module has been on generator.

4) Availability:  The observed availability of the Normal mode shall be displayed.  In addition, the availability of the Bypass supply as a backup source shall be displayed.

5) Start-up Date:  The date the UPS module was initially energized shall be displayed.

g. UPS Module Mimic Screen:  A graphic display of the UPS module operational mode and power flow through the UPS module to the critical load shall be displayed in real-time.  The operational status of the Inverter, Rectifier/Charger, Bypass and Battery is also indicated.  Circuit breaker and contactor states shall be indicated.

h. Setup Screen:  Shall permit setting time and date for the UPS module clock with controls on the Monitor Panel.  Shall permit configuration of the RS232 and RS485 communications ports, with controls on the Monitor Panel, for the following modes of operation:

1) Terminal Mode:  UPS module events shall be logged immediately as they occur.

2) Calibration Mode:  Shall be used by service personnel for UPS module diagnostics.

3) UPS Module Configuration Mode:  Shall allow setup and configuration of user level functions like battery test and building alarms.  Shall allow the six (6) building alarms to be customized with a description of up to 30 characters for display locally on the monitor panel screens and remotely.  Shall allow the six (6) building alarms to be programmed to initiate UPS module commands upon contact closure.

4) Computer Mode:  Shall allow the user to interface with the UPS module in Binary Computer Mode.

5) Remote Monitor Mode:  The RS485 port shall be configured to interface with a Remote Monitor Panel, Supervisory Contact Module or Relay Interface Module.

6. Control Panel:  The UPS module shall be equipped with a control panel providing UPS module control functions.  (A key shall be required to turn on the UPS module.)  The following controls shall be provided on the control panel:  

a. The key switch shall initiate the energize sequence to place the UPS module in either Normal mode or Bypass mode, as defined by the Mode switch position.

b. The Mode switch shall control the manual transfer of the UPS module to and from Bypass mode.

c. The Battery switch shall enable or disable closure of an external battery breaker.

d. A circuit breaker shall enable operation of the rectifier.

e. A Load Off Reset switch shall reset the UPS module, following a Load Off command.

7. Communication Panel:  The UPS module shall be equipped with a communication panel, located behind a protective cover, which provides the following signals and communication features in a Class 2 environment:

a. Alarm and Notice Contacts:  Dry contacts for summary alarms and notices shall be provided for external use.

1) Alarm:  Indicates the UPS module is experiencing an Alarm condition.

2) Notices:  Indicates the UPS module is experiencing a Notice condition.

b. RS-232 (EIA/TIA-232) and RS-485 Communication Interface:  Circuitry shall be provided for one RS-232 (EIA/TIA-232) and one RS-485 communication port.  These ports may be used with simple terminals to gain remote access to ALL unit operation information.

c. Remote Monitor Panel Connection: Circuitry shall be provided for connection of up to two (2) accessory remote monitor panels, relay interface modules or supervisory contact module.

d. Building Alarms:  Six (6) inputs shall be provided for monitoring the status of external dry contacts.  One (1) input shall be dedicated to monitoring an external battery disconnect, and one (1) shall be dedicated to monitoring an auxiliary generator and initiating reduced input current limit.  The remaining four (4) inputs shall be user selected (smoke, temperature, water, etc.).  Building alarms shall be set up through the UPS module configuration mode function of the RS-232 (EIA/TIA-232) port.  The building alarms shall also provide the following capabilities:

1) Building alarms shall allow the user to customize the building alarm message (up to 30 characters max.) which appears locally on the Monitor Panel or remotely through the communication ports.

2) Building alarms shall be programmable to initiate a transfer of the UPS module from Normal Mode to Bypass Mode upon contact closure.

3) Building alarms shall be programmable to initiate a transfer of the UPS module from Bypass Mode to Normal Mode upon contact closure.
2.06 SYSTEM DISPLAY UNITS

A. System Display Installation:

1. System display unit shall be installed by the manufacturer in the switchgear.  The system display units shall be flush mounted on switchgear door panels.

B. System Display for Power Monitors:

1. System display units shall be provided for display the data available from selected Circuit Monitors connected on the individual data transfer network.

2. The system display unit shall utilize a 4 line by 20 character, high contrast LCD technology display with back lighting to provide high reliability and superior readability in all light conditions.

3. The level of back lighting as well as the contrast shall be adjustable.

4. The system display shall be equipped with a screen saver feature to extend the life of the display.

5. Data shall be displayed in a logically organized manner complete with the proper scaling and units.

C. System Display Keypad:

1. The system display unit shall allow for easy operation by providing a keypad with large keys for operator selections.

2. The keys shall have a raised perimeter and tactile feedback to provide a positive response even with gloved hand operation.

3. The keys shall be clearly marked to indicated the function and separated into meaningful groups with display prompting to assist the user in operation.

4. It shall be possible to sequentially view all available data from a selected device by single keystrokes advancing through the various display pages.

5. It shall be possible to view the same pages of data from other Electronic Trip Units by single keystroke advancing back and forth from device to device.

D. System Display Configuration:

1. Each system display unit shall be configured by the manufacturer with all necessary data.

2. It shall be possible to change the configuration for each system display unit using the keypad provided on each display.

3. Access to configuration functions shall be password protected to prevent unauthorized or accidental modification.

E. Resetting Device Data Using the System Display:

1. The system display unit shall permit the reset of the stored max values in the power monitoring devices.

2. It shall also permit the reset of the accumulated energy values and the time and data stamps stored in the Power Monitors.

3. These resets shall be limited to authorized persons by means of password protection.

2.07 PSMS NETWORK

A. General Network Information:

1. The PSMS shall be connected by means of a high-speed industrially proven LAN.

2. The high-speed network shall consist of network interface modules that allow display units, computers, programmable controllers, and other higher level or sub-networks to access the electrical data being gathered by the electronic Power Monitors, Electronic Trip Units, Transformer Temperature Monitors, and Solid State Microprocessor Protective Relays.

3. The network speed shall be adjustable up to 500k baud.

B. Network Interface Modules:

1. The network interface modules shall be modular in design to allow for easy future expansion or modification of the system.

2. Each network interface module shall allow for the connection of at least 100 power monitoring devices and one local system display unit or other network compatible devices such as programmable logic controllers, personal computer workstations, etc.

3. It shall be possible to connect at least 100 network interface modules together on a single twin axial conductor (Belden 9463 or equivalent) of up to 10,000 feet in length to form the high speed power monitoring and control communications network

C. Additional Network Media Features:  Telephone modems shall be installed where shown on the Drawings.  Telephone modems and interface hardware shall be provided as required.  Use of telephone modems shall be transparent to PSMS software and monitoring devices.

2.08 PSMS APPLICATION SOFTWARE

A. Software:  Application software shall be supplied by the PSMS manufacturer to support system configuration, monitoring of the devices, data logging, alarming, and other operations associated with the PSMS.  Each PCW shall be equipped with PSMS software as described below.

1. Multiple Device System Monitoring:
a. Microsoft Windows Server 2008 application designed to monitor the entire system of power monitoring devices in the background for alarms, events, and data logging, allowing the operator to perform other tasks with the workstation.  

b. System Monitoring Features:

1) Shall support an unlimited number of PSMS devices, and poll all as required.

2) Shall display information for the PSMS in real time data table format.  Shall display status of digital status inputs.

3) Three color-coded alarm levels shall be supported.  Alarms shall be user-defined pick-ups and dropouts.  The user shall be able to select indication including visual, audible, and/or required acknowledgment.  Alarms shall be reported by exception.

4) Shall permit device setup including configuration of power monitor data and waveform logs.  Also, shall allow the user to define power monitor alarms and configure power monitor relay operation.

5) Shall retrieve and display power monitor data and alarm and event logs.

6) Shall monitor for alarm conditions detected by each device and indicate the alarm at the PCW.

7) Events shall be recorded in an Event Log File that shall be capable of holding at least 1000 events, the date/time of the event, and descriptive text.

8) Shall log PSMS data to the printer and hard disk at user specified intervals.

9) Shall display tables of historical data recorded over time.

10) An on-line, context sensitive help system shall be provided.

11) Shall be capable of exporting logged data to other file types used by other common commercially available software products.

12) Shall provide graphical waveform displays for the voltages, phase currents, and residual current monitored by Power Monitors.

13) Shall display four cycle waveforms captured by Power Monitors:

B. For each waveform, additional information including Total Harmonic Distortion (THD), RMS magnitudes, peak values, Crest Factors (CF), magnitudes of the individual harmonics, Telephone Interference Factor (TIF), and other parameters shall be calculated and displayed.

C. All harmonics calculations shall be based on samples covering multiple cycles in order to reduce inaccuracies caused by sampling discontinuities and DSP window weighting.

1. Shall automatically capture and log waveforms and harmonic information at user specified schedule intervals.

2. Shall retrieve, display, and store 12 cycle waveforms from circuit monitors.

3. Shall have additional user friendly graphic displays of electric plant information including real time bar charts of instantaneous data and real time analog meter style displays of instantaneous data.

4. Shall provide time trend plots of historical data over time.  It shall be possible to overlay on the same plot information from multiple circuit monitors.  Also, it shall be possible to plot only a portion of the total data available; the user shall be able to specify the beginning and ending time and date of the data to be plotted.

5. Shall support a separate printer for logging so that the user does not have to use the main printer for that purpose.

6. Shall provide options for standard reports to simplify routine printouts of various data formats.

7. Shall allow the user to save and retrieve computer workspaces that include such things as graphics, table displays, and meters or bar charts.

8. Shall have provisions for creating custom tables to display electric system information and the ability to easily modify them as the need arises.

9. Shall allow the user to develop reports which include standard and custom tables, historical data time trend plots, and other display formats; the reports shall be complete with headers, footers, date/time of the report, and page numbering, and may be modified by the user.

D. Interactive Color Graphics:

1. An interactive color graphics software shall be provided that is compatible with the PSMS software.

2. The software shall display real-time information from the power monitoring devices on any type of drawing including power one-line system Drawings, equipment elevation Drawings, floor plan layouts, legends, control diagrams, Drawings, etc.

3. It shall be possible to display any of the quantities available from the power monitoring devices in the location, size, and color selected by the user.

4. The interactive color graphics software shall allow the user to zoom, scale, and scroll the Drawings to the desired degree of magnification.

5. The software shall be capable of displaying status of circuit breakers (open/closed/tripped), status of transformer fans (on/off), transformer coil and motor temperatures, power factor capacitors (on/off), and any other information available on the P5MB network.

6. From within any Drawing the user shall have the ability to display Drawings in a hierarchical fashion to allow quick access to related Drawings. 

E. Dynamic Data Exchange (DDE):

1. The PSMS software shall have the ability to dynamically share PSMS data with other Windows based application software at BJC HEALTHCARE.

2. The dynamically shared data shall be easily integrated into commercially available Windows products for use in tasks such as producing reports and trend charts.

F. Multi-Media Sound (MMS):

1. The PMCS software shall allow the user to assign a PCW generated sound to each alarm severity level for clear indication of alarms.

2. Pre-recorded sounds shall be supplied on compact disc (CD) that mimic standard horns, buzzers, and similar alarm annunciations.  The user shall be able to select any of these sounds.

3. In addition, shall be able to develop new alarm sound using the software provided and select any of those sounds.

4. The user shall be able to adjust volume levels of all sounds.

5. Speakers shall be supplied with the software.  The speakers shall be magnetically shielded to that they will not damage the PCW monitor.

G. Waveform Analysis Software:

1. Waveform analysis software shall be provided which can be used to analyze, organize and achieve waveform information that will be acquired using the PSMS.

2. The software shall include provisions for spectrum plots, power spectral  densities,  FFTs, and other operations that aid in analyzing power quality in the system, derating factors, equipment diagnostics, etc.

H. Software Service Agreement:  The electrical equipment manufacturer shall include a 3-year Software Service Agreement which provides the Owner with software upgrades for the software specified above as they are available.

PART 3 -  EXECUTION

3.01 PREPARATION

A. PSMS components included within the power equipment lineups shall be factory installed, wired and tested prior to shipment to the Project Site.

B. Install wiring required to externally connect equipment lineups.
C. Contractor interconnection wiring requirements shall be clearly identified on the PSMS system Drawings.

3.02 INSTALLATION

A. Installation shall meet or exceed all applicable federal, state and local requirements, referenced standards and conform to codes and ordinances of authorities having jurisdiction.
B. All installation shall be in accordance with manufacturer’s published recommendations.

3.03 START-UP
A. Provide on-site Start-up of the PSMS.
B. Start-up shall include a complete working demonstration of the PSMS with simulation of possible operating conditions that may be encountered.

3.04 TRAINING

A. Training shall include complete documentation and hands-on exercises necessary to enable Owner’s personnel to assume full operating responsibility for the PSMS after completion of the training period.

B. Include three (3), 3-day training sessions for each system.

END OF SECTION 26 09 13
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