SECTION 142816 - ELEVATOR CONTROLLER AND OPERATION
 GENERAL
DEFINITION
Controller:  The method of governing the starting, stopping, direction of travel, acceleration, retardation and speed of the elevator.
Operation:  The manner of method an elevator or group of elevators automatically respond to button calls for service, and programmed traffic control.
 PRODUCTS
STATIC MOTOR CONTROL (SCR)
Function:  SCR digital motor drive providing full wave rectification to DC hoist motor.  Reversing and regeneration shall be accomplished by the armature supply.
Type:  Solid state rectification unit, having full wave rectification (360 Hz ripple).  Magnetek Elevator Drive or approved equal.
Drive Controller:  D.C. control panel with full wave microprocessor based regenerative drive in a chassis mounted enclosure.  Power conductors must be isolated from the signal wiring with brake and all relay coils suppressed to avoid induction of electrical noise into regulating system.
Equip drive controller with diagnostic and adjustment capabilities via either a handheld tool or on-board controls.  Tool shall provide diagnostics, parameter observation, fault readout, operation of drive and digital voltmeter.
Regulation provided by a closed loop static speed regulator utilizing a feed-back tachometer on the hoist motor.
Harmonic Distortion: The motor drive shall use the design guide lines of the IEEE-519 in an effort to limit the amount of total demand distortion TDD).  The drive shall achieve a total harmonic distortion of current (THDI) of less than 8%.
DRIVE ISOLATION TRANSFORMER
Function:  Reduces line pollution feedback resulting from SCR firing circuits isolating the primary distribution system.
Fill in blank space in in paragraph below.  Delete underline before entering the information.
Type and Size:  Delta connected primary with wye connected secondary having a minimum of ___ KVA. The primary voltage shall match building distribution voltage and secondary voltage matched to the SCR drive input voltage.
Transformer shall be specifically sized to the SCR drives KVA requirements, braced to withstand the mechanical stresses of current reversals and short circuits associated with SCR drives.  Transformers shall be suitable for continuous operation in a 40 degree C ambient temperature with an 80 degree C temperature rise. Insulation class on windings shall be rated for 220 degree C.
Fill in blank space in subparagraph paragraph below.  Delete underline before entering the information.
Transformers shall have copper windings with 2-1/2 percent full capacity taps above and below nominal voltage for incoming source adjustment building system voltage of ___ Volt 3 phase AC. Equip transformer with sound dampening pads which isolate the core and coil from the case.  
All connections to and from the transformer must employ the use of non rigid conduit for the final electrical connection, with all other conduit supports and clamps provided with neoprene inserts.  
CHOKE AND FILTER NETWORK
Provide a choke and ripple filter network sized for the amperage of the SCR motor drive assembly, designed to minimize transient voltages and spikes for noise suppression.  Shall have copper coils and 220 degree C. insulation class.
Choke and filter network shall be installed in a separate ventilated cabinet or may be installed in the controller cabinet.
MICROPROCESSOR LOGIC CONTROLLER
Function:  Continuously analyze each elevator’s changing position, condition and workload.  The microprocessor shall constantly scan the system for registered hall calls and will calculate the estimated time of arrival for each car and its assigned hall call.
In calculating the estimated time of arrival the following factors will be used.
Number of floors to travel from the current position.
The time it takes to travel one floor at top speed.
Calls assigned to a car.
Car reversal time to respond to a call in the opposite direction of travel.
An internal constant shall be set, requiring a maximum time for a car to respond to a call.  When a car status changes or additional hall calls are registered, the estimated time of arrival shall be recalculated and calls reassigned if necessary.
Type:  Microprocessor based programmable controller with an Erasable Programmable Read Only Memory.
The printed circuit boards (modules) shall be of the type that plug into pre-wired mounting racks.  No field wiring or alteration shall be necessary in order to replace defective modules.
Any field wiring changes required during construction shall be made only to the mounting rack connection points and not to the individual module circuitry or components.  If it becomes necessary to alter individual modules, they shall be returned to the factory where such design changes are made and module design records changed so that correct replacement units are available.
Wiring connections for operating circuits and for external control circuits shall be brought to terminal blocks mounted in an accessible location within the controller cabinet.  Terminal blocks using pierce-through serrated washers are not acceptable.
Safety and Motion Circuits:  Electro-Mechanical pilot type relays.  Safety circuits are monitored by the microprocessor for redundant protection.  All outputs are individually fused.
Identify each device and fuse (ampere rating) on panels by name, letter, or standard symbol, in an approved indelible and legible manner.  Coordinate identification markings with wiring diagrams.  All logic symbols and circuitry designations shall be in accordance with ASME Standards.
Incorporate the use of chokes and filter network to minimize transient voltages and spikes for noise suppression.  Filters shall be installed in a ventilated 14 gage steel enclosure mounted on top of each drive enclosure.
Motion Control:
SCR drive system having a dual-loop digitized feedback regulator utilized to control speed control and based primarily on car position.  The velocity profile is calculated by the microprocessor based control system in effect producing extremely smooth and accurate stops.  The velocity transducer will permit continuous comparison of machine speed to velocity profile and to actual car speed.
Position Selection:  The position selection is a integrated part of the microprocessor based control system.  The car position in the hoistway is digitized through a steel tape running the full length of the hoistway encoded by the car position transducer.  The car position transducer detects magnetic leveling strips installed on the tape for floor reference and stopping accuracy.  The microprocessor based control system will store the floor position and slowdown points in memory.
Edit performance criteria in paragraph below to reflect actual project parameters.
Performance:  Adjust elevators to meet the following performance requirements:
Running Speed:  +/- 5 percent of contract speed under all load conditions.
Floor to Floor Performance:  11 seconds between typical floors.  Time is recorded from start of doors closing until doors are 3/4 open and car is level with floor.  Under all load conditions with a 12-foot floor height.
Door Open Time:  1.7 - 2.7 seconds.
Door Close Time:  2.4 - 3.5 seconds.
Car Call Dwell Time:  3 seconds, adjustable to 10 seconds.
Door Nudging Time:  4 seconds, with a 5 second advance signal per ADA standards based on distance.  Adjustable to 20 seconds.
Emergency Dispatching:  Emergency dispatching operation is activated by loss of communication with group and loss of hall button power.
In the event of communication loss with the group, each car will automatically dispatch to the nearest floor or other dedicated floor.
With the loss of hall button power, the group internally sets the up and down hall calls at every floor.  The cars are dispatched to the floor by the group assignment mechanism.
Use paragraph below if an on-board diagnostic system is acceptable.  Edit as required.
Machine Room Video Monitor, Keyboard and Printer:  Located in dispatch controller in the elevator machine room.  The monitor, minimum 15” LCD shall display information in tabular form consisting of, but not limited to the following:  Status of individual input/output devices, slowdown position, operating modes, door status and fault flags.
Diagnostics, Maintenance and Serviceability:
Keyboard which interacts with Machine Room Video Monitor displays.
On board Real Time Clock displaying time and date, fully adjustable by on broad controls.
Field programmability of all timer values by on board controls.
Access to all security codes for alteration and viewing.
Traffic Studies.
NOTE: If portable diagnostic keyboards and or programming tools are required for testing, service or maintenance such devices must be proprietary type and turned over to the facility personnel with all reference manuals, including all fault coding and other operational requirements. Contractor shall demonstrate the required functionality of the diagnostic devices.
Use paragraph below if required by the client.
Building Manager Interface Software:  Provide a window’s based software package capable of being installed on an existing building computer. The local network connection will be provided by the Facility in each machine room. The software shall enable the user to interface with the server in the machine rooms. The Building Manager interface software shall allow a limited number of functions as follows:
Provide visual display of all elevators.
Status display.
Floor and door position.
Permit various security functions to enable locking out of calls.
Interfacing:  All interfacing between the central processing units and transducers, feedback loop shall be shielded cable installed in individual raceways.
Fault Protection System:
Protect against the following:
Complete power circuit from failure under short circuit.
Surge protection.
Overload.
Low voltage, phase loss, unbalanced voltage.
FLUX VECTOR (VVVF) AC MOTOR CONTROL
Acceptable Manufacturers:  Baldor Electric Co., Magnetek Elevator Drive or approved equal.
Function:
The flux vector drive shall produce optimum motor torque from rated speed down to zero speed.
Stepless acceleration and deceleration.
Direct drive optical digital type, closed loop velocity encoder on hoist machine.  Update car position at each floor and automatically restore after power loss.
Motion Control:
Digital feedback regulator utilized to control speed control and based primarily on car position.  The velocity profile is calculated by the microprocessor, in effect producing extremely smooth and accurate stops.  The velocity transducer will permit continuous comparison of machine speed to velocity profile and to actual car speed.
Enclosure Assembly:
Type:  Wall mounted dead back or free standing, housing controller components with integral fan and filtered vent perforations.
Fabrication:
Frame:  Angle iron.
Covering:  Sheet metal, enclosing top and sides.
Doors:  Sheet metal, front and rear, hinged for access to components, with latches and locks, including filtered slots for ventilation.
Component Mounting Panels:  Mount inverter contacts, relays and microprocessor on common panel.
Panel Material:  Phenolic or polyester, thickness as required to support components.
Panel Braces:  Metal angle bars attached to frame.
Components and Operating Devices:
Motor Drive:
Control of three phase AC induction motors shall be performed through the use of a high resolution encoder.
Full-wave bridge rectifier to provide a DC voltage supply for the solid-state inverter.
Pulse width modulation.
Fully adjustable to match the AC motor characteristics.
RFI Filters - (Radio Frequency Interference).
Diagnostic tool for maintenance. (On board devices are acceptable).
Inverter:
Insulated Gate Bipolar Transistors (IGBT’s).
Frequency accuracy of 0.01 percent.
Closed loop design.
Adjustable voltage/frequency ratio.
Stall prevention.
Slip compensation.
Regenerative power absorption.
Electronic thermal motor overload protection.
NOTE:  Elevator controller must be fully protected against over and under voltage conditions without damage to any circuit boards, relays or electronic devices. Memory and initial parameters must be retained in non-volatile memory for protection during power outages.
SIMPLEX SELECTIVE COLLECTIVE OPERATION
Function:  Operating devices consisting of a series of dispatch buttons in the car operating panel corresponding to the landings served and a single riser of landing hall buttons, electrically connected to controller, govern floor selection and direction of travel.
Operation:
When car is idle and one or more car or landing buttons above the landing at which car is standing is pressed, the car starts in the Up direction.  The car stops on the Up trip at each landing for which a car button or Up landing button is pressed sufficiently in advance of the car arrival at such landings to permit these stops to be made.  After each stop, the car proceeds in the Up direction until it reaches the highest landing for which a car or landing call is registered.  Stops are made in the order in which the landings are reached, irrespective of sequence in which buttons have been pressed.  The car will not stop on the Up trip at any landing in response to a Down landing call unless this call is the highest call registered.
Similarly, if car is idle and one or more landing buttons below the landing at which the car is standing are pressed, the car starts in the Down direction, proceeding to the lowest landing for which a button is pressed and stops at each intermediate landing for which car button or Down landing button is pressed.
When the car is idle and a button above the car and a button below the car is pressed, the car starts toward the landing corresponding to the button first pressed.  The call registered for the landing in the opposite direction from the car will be answered after the car has responded to the farthest call in the direction established by the first button pressed.
The minimum time from audible and signal notification that the elevator car is answering a landing call until the doors start to close is 6 seconds (doors fully open for a minimum of 3 seconds), to enable passengers to enter or leave the car.  Pressing a car button for another landing before this time elapses, causes the car to start, provided the car door and hoistway doors are closed and interlock circuits established.  When the car has answered the farthest call, this interval will permit a car button call to be registered to establish the direction of car travel, even if other landing calls are registered.
When all calls have been answered, car remains at landing last served.
Use subparagraph above or below (usually subparagraph above unless most calls originate at one floor, such as main floor).
When all calls have been answered, the car returns to the main floor or other designated landing.
DUPLEX SELECTIVE COLLECTIVE OPERATION
Function:  Operating devices consisting of a series of dispatch buttons in the car operating panel corresponding to the landings served and a single riser of landing hall buttons, electrically connected to controller, govern floor selection and direction of travel.
Operation:
One car normally “parks” at the main floor and the other, a “free” car at the landing last served.
“Free” car answers landing calls either above or below the landing at which car is standing except main floor landing calls.
When “free” car is clearing calls, the other car automatically starts to answer landing calls under any of the following conditions:
Registration of an Up call from a landing below the “free” car while it is traveling up.
Registration of an Up or Down call from a landing above the “free” car while it is traveling down.
Inability of “free” car to clear all registered landing calls within approximately 40 seconds, or to move in response to registered landing calls within this time limit.
When car has been started either in response to car button or landing calls, the car responds to its own car button calls and to landing calls registered for the direction in which car is traveling in the order in which landings are reached, irrespective of the sequence in which calls are registered.  When both cars are clearing calls only one car stops in response to any one landing call.  The first car clearing all its calls returns to main floor.  Should both cars finish their calls at the main floor, the car arriving first becomes the “free” car.
The minimum time from audible and signal notification that a specific elevator car is answering a landing call until the doors start to close is 6 seconds (doors fully open for a minimum of 3 seconds), to enable passengers to enter or leave car.  Pressing a car button for another landing before this time elapses, causes the car to start, provided the car door and hoistway doors are closed and interlock circuits established.  When a car has answered its furthest call, this interval permits a car button call to be registered to establish the direction of car travel, even if other landing calls are registered.
If either car is removed from service, the other car answers all its own car calls and all landing calls.
Car will not start in answer to car or hall calls unless car doors and hoistway doors are closed and locked, and interlock circuits established.
AUTOMATIC GROUP SUPERVISORY OPERATION
Type:  Microprocessor; providing the lowest average waiting time for all passengers in a given interval.  Traffic data shall be continuously gathered and stored.  Hall calls, car calls and landing car stops shall be monitored and recorded to provide a data base from which these factors can be assessed and applied to the algorithm.  The system automatically adjusts dispatching to respond to traffic pattern changes and reassigns high density traffic areas based on actual traffic, without software reprogramming.
The following parameters provided by the continuously gathered historical traffic data shall be considered:
Probable Stops and Destination.
Hall Call Arrival Rates.
Peak Operation Status.
Car Parking.
In allotting and reallotting parameters, the following physical and statistical parameters shall be considered:
Car Service Status.
Long Wait Calls.
Power Status.
Car Calls Status.
Door Status.
Car Load.
Coincident Calls.
Car Position.
Motion Status.
Function:  Operating devices consisting of a series of dispatch buttons in the car operating panel corresponding to the landings served and two riser of landing hall buttons, one in each group electrically connected to the controller, govern floor selection and direction of travel.
Registration of a landing call from either riser of landing hall buttons causes a car to stop at that floor for the direction in which the call was registered.
Operation:
Upon entering car, passengers press car dispatch buttons corresponding to landing to which they wish to go.  After door interlock circuits are established, the car automatically starts, accelerates, slows down and stops at first landing for which a car dispatch button has been pressed, or which a landing call has been registered corresponding to direction in which car is traveling.  Car continues to serve remaining car dispatch and landing calls in the order the landings are reached, regardless of manner buttons are pressed, provided button for given landing has been pressed sufficiently in advance of car arrival at that landing to permit slow down and stop.
Car and hoistway doors open automatically when car stops at an intermediate landing and close at a predetermined time interval after opening, unless closing is interrupted by car door reversing device or door open button.  Car automatically starts following full closing of doors.
The minimum time from audible and signal notification that a specific elevator car is answering a landing call until the doors start to close shall be as established in the Americans with Disabilities Act.
Elevators operate no higher than necessary and in presence of demands for service below Up traveling cars, elevator reverses at highest car call or down landing call or, if neither exists, at the next landing at which normal stop may be made.
Intermittent Two-Way Traffic:  This type of traffic shall be determined through historical data and current hall calls entered throughout the building.
Parking Feature:  Arrange a variable number of cars to park at designated main entrance floor, with doors open and hall lantern illuminated.
When an elevator is in service and available the microprocessor control system shall have the ability to dispatch the car to any floor.
Heavy Up Traffic:  Recognized through historical data and by current conditions for changes in passenger loads, the number of calls entered at the lobby, the number of cars departing the lobby which are compared to the activity throughout the building.  A high priority shall be placed on providing a car at the lobby to avoid lobby congestion.  The cars shall depart when the loading time has expired or the load weighing device senses that the car is full.  The lobby loading time shall be determined by the number of car calls, passenger load and the door courtesy time.
Heavy Two-Way Traffic:  This traffic pattern shall be recognized through historical data and when the current hall calls are entered throughout the building without a consensus of direction.  All cars available for group operation shall be brought into operation to minimize waiting time.
Heavy Down Traffic:  This traffic pattern shall be recognized through historical data and the current entry of hall calls.  Down hall calls shall be allotted to provide service to the traffic while achieving the lowest average waiting time for all passengers within a given interval.
Fail Safe Operation:  Continuity of service feature shall keep the elevator running in case of certain failures.  This feature shall be effective only when cars are operating on automatic mode and become effective automatically when certain failures occur.  The operation shall be as follows:
Central Dispatch Computer Failure:  Communication failure with the Central Dispatch Computer shall result in reverting to a pre-arranged and adjustable operation.
Failure of Car to Start:  Car start failure shall result in the car being from service and its assignment given to another available car.
Failure of Hall Pushbutton Circuit:  Hall pushbutton circuit failures shall result in registering down hall calls and lobby up hall calls and shall then proceed to answer the calls in the most efficient manner possible.
Traffic Analysis Information:
The computer system shall be capable of providing traffic analysis for all elevators in the group.
The traffic analysis shall provide a display of hall calls waiting times and cars in and out of service.  A hard copy report shall also be available.
ADDITIONAL CONTROL FEATURES FOR EACH ELEVATOR
Top of Car Operating Device:
Function:  Used for inspection and maintenance procedures.
Design:  Up and Down direction buttons and emergency stop button in metal enclosure, equipped with a flexible type cord with strain relief device at both connections.
Operation:
Control of the elevator is transferred to the top of car operating device by means of a transfer switch located on the car top between the car crosshead and the side of the car nearest to the hoistway entrance normally used for access to the car top.
Car is operated by constant pressure on appropriate direction button, and by simultaneously pressing a safety button.
Car will not operate unless both buttons are pressed.
Delete reference to overhead sheave space in paragraph below if not required.  Also where pit depth exceeds that required by code install a second stop 
Stop Switch in Elevator Pit and Overhead Sheave space:  
Function:  Removes car from service during inspection and maintenance procedures.  (Car cannot be operated).
Design:  Metal enclosure, housing red button (positively open mechanically, opening not solely dependent on springs).  Permanently mark button, indicating Stop and Run positions.
Automatic Leveling:
Function:  Causes elevator to make accurate stops at each landing and makes adjustments to keep elevator within specified tolerances at the landing.
Operation:
Adjusts elevator if car is more than 1/4 inch above or below landing level when the car has come to rest at any landing, irrespective of load in car within specified capacity and irrespective of direction of travel.
If car is displaced from the floor for any reason other than operation of control buttons, the car returns automatically to a position, level with the landing within 1/4 inch above or below.
Independent Service:
Function:  Causes car to operate only from its car button, and becomes independent of the hall buttons.
Operation:
When key operated switch is in On position car is removed from normal style of operation.
All previously registered car calls are cancelled.
Car door and hoistway door remain open when car is at a floor, until a car button for another landing is momentarily pressed.
If several calls are registered after each stop, a car button must be pressed to effect door closing.
Previously registered hall calls shall not be cancelled, but answered when car is back in normal automatically operation.
Emergency Hospital Service:  Equip hall pushbutton station at each floor with keyswitch and signal light to permit an available elevator to be called to that landing thereby canceling all car calls and bypassing all hall calls upon actuation.  Upon arrival, doors open for a predetermined time to permit the car to be placed on Emergency Hospital Service.  The signal lights shall illuminate while a car is responding to a priority call and will be extinguished when the car has been placed on Emergency Hospital Service or has been returned to normal service.  If there is no car available for this priority service, the signal lights shall remain illuminated until a car becomes available to receive a priority service call.  Another priority call cannot be initiated until the signal lights are extinguished.
Load Weighing Device:
Function:  Prevents given percent loaded car from making unnecessary stops.
Operation:
Device automatically weighs load on car platform and, if loaded, car by-passes all landing calls.
Landing calls remain registered for next available car.
Weighing device does not affect the stopping of car at any floor in answer to registered car calls.
Adjustable type. 
Anti-Nuisance Feature:
Function:  Arrange the elevators so that in the event more car calls are registered than a corresponding passenger load in the car, all car calls shall be cancelled so that registration of proper number of car calls are made.
Position Selection:  The position selection is an integrated part of the microprocessor based control system.
Use subparagraph below for most hydraulic elevators.
Proximity switches activated by vanes mounted in the hoistway for stepping, leveling, and door zone sensing.
Switches installed in steel enclosure mounted on car.
Use subparagraph below for most traction and hydraulic elevators.
Steel tape mounted in hoistway to include complete travel of elevator.  Car top assembly with tape guides, tape sensors, and magnetic strips for stepping and leveling.
Use one of the 2 subparagraphs below for feedback purposes.
Steel tape mounted in hoistway to include complete travel of elevator car.  Car position transducer, with tape guides and magnetic or optical switches, provides controller with digitized information of precise car position.
Car top mounted car position transducer, which rides on guide rail provides controller with digitized information of precise car position in conjunction with hoistway mounted magnetic switches and sensors.
Use paragraph below on modernization contracts with group control systems
Cross Cancellation Panel:
Function:  Designed to temporarily integrate both the existing control system with the new control system to prevent dispatching of both control systems from the same hall calls. This shall remain connected until all elevators in a group are complete. 
Type:  Microprocessor based or relay logic.
Design:  Contractor shall verify voltage and power requirements of both the existing and new control systems to ensure compatibility.
 EXECUTION 
INSTALLATION
Install elevator controllers in the elevator machine room.
Install components and integrate with controllers for required operation of elevators.
FIELD QUALITY CONTROL
Inspection:
Power Off:  Inspect control equipment for dirt, dust, grease or other foreign material that would prevent proper operation.
Power On:
Run elevator up and down shaft, stopping at each floor.  Check for accurate landings and smooth stops and starts under all load conditions.
With elevator running, inspect control equipment for excessive arcing, heating of coils, misalignment of relays, contactors or switches.
Delete subparagraph below if not required.
Inspect motor generator for smooth operation (no excessive noise or vibration).
Tests:
Individually test each component for compliance with its specified function and operation.
Demonstrate that elevators perform in accordance with required type of operation.
Test elevators step by step as specified under function, and operation, in PART 2.
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