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Scope

The X4l is a specialized controller designed to provide safe, reliable and energy-efficient control of your compressed air system.
The X4l is capable of controlling up to four (4) positive displacement air compressors. The compressors may have electro-
pneumatic or microprocessor based controls. The X4l is completely customizable to meet the specific needs of your
compressed air system. The X41 will load or unload compressors as necessary to maintain a user adjustable pressure band. The
pressure is sensed via a single point in the system. This is not a cascading pressure control scheme. Up to three compressor
sequences (control tables) can be designated by the user to provide customized control of the compressor system. These
sequences (control tables) can be changed automatically on the basis of elapsed time, or on specific events or manually from
the controller faceplate. An event specifies a particular sequence to be run on a specified time of day and day of the week. In
the unlikely event of an X4l or communication failure, the affected compressor(s) will default to local control and settings.
This will provide the maximum protection to the customer’s air system.

The Following Parameters Can Be Set By the User:

e X4l System Pressure Band: Compressors will be loaded/unloaded based on system pressure in relation to the
pressure band high press setpoint and the low pressure setpoint

« Tolerance and damping are used to tune the system and adjust the response time

* 4 Sequence Strategies: FILO (first in last out), VEC (variable energy mode), EHR (equal run hours), FIFO
(first in first out)

« 3 Control Tables: Each table consists of high pressure (PH), low pressure (PL), minimum pressure alarm (PM),
Sequence Strategy (SQ), and Compressors’ Priority

* Pressure Schedule. The table in control is switched based on a user defined pressure schedule

« Pre-fill mode to efficiently charge an empty system

= Start Sequencing: Starts the X4l and engages the current sequence

e Stop Sequencing: Stops the X4l and returns each compressor to local control and pressure settings

X41 Functionality
Pressure Control

Pressure control is achieved by maintaining the system pressure within an acceptable range, or pressure band, which is
defined and programmed by the user. Pressure will rise in the band when system demand is less than the loaded compressor’s
output. Pressure will fall in the band when system demand is greater than the loaded compressor’s output. Simply stated,
pressure control is achieved by unloading and loading compressors to closely match compressor output with system demand
within a specified pressure band defined by the user.

Anti-Cycling Control

The most efficient way to utilize most air compressors is either fully loaded or off, with the exception of variable speed
compressors which can operate efficiently at reduced loading. Compressor cycling (start-load-unload-stop, etc.) is essential
to maintain pressure control. Excessive cycling, however, can result in poor compressor efficiency as well as increased
maintenance. Anti-cycling control is incorporated to help ensure that only the compressors that are actually required are
started and operating while all others are kept off. Anti-cycling is an active control algorithm that continually analyzes
pressure dynamics to determine the last possible second to add or cycle another compressor into the system. Anti-cycling
control consists of 2 components:

Tolerance

Tolerance is a user adjustable setting that determines how far above the Unload setpoint and below the Load setpoint
system pressure will be allowed to stray. Tolerance keeps the X4l from overcompensating in the event of a temporary
significant increase or decrease in system demand.

Damping

The damping setting is a user adjustable setpoint that determines how quickly the controller samples and recalculates,
effectively speeding up or slowing down the reaction time.
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Sequence Control Strategy
The sequence control strategy consists of two components:
» The compressor rotation strategy

* The compressor load control strategy

Compressor Rotation Strategy
Timed Rotation

Rotating from the current sequence to a new sequence can be initiated either automatically or manually. The automatic
method provides a timed rotation event that can be automatically triggered on a routine basis using a predetermined
interval, a predetermined time each day, or a predetermined day and time each week.

Compressor Load Control Strategy
First in Last Out (FILO)

The primary function of FILO mode is to efficiently operate a compressed air system consisting of fixed speed compressors.
The standard FILO rotation assignments can be modified using priority settings. The rotation strategy defines how the
compressors are arranged in a new sequence whenever a rotation event occurs. Rotation events are triggered by a periodic
rotation based on a set interval, a set time of day each day, or a set time of day once a week.

Variable Energy Control (VEC)

The primary function of VEC mode is to accommodate Ingersoll Rand Nirvana 5.5-30 kW variable speed compressors,
connected to the X4l using an IR-PCB interface. VEC mode utilizes the FILO sequencing and rotation strategy with the
additional control logic needed to efficiently control variable speed compressors.

Equal Hours Run Mode (EHR)

The primary function of EHR mode is to keep the running hours of all compressors in the system as close as possible.
This provides the opportunity to service all of the compressors at the same time, given that the expected service interval
for the compressors is similar. Note: EHR is not an energy efficient focused mode of operation.

First in First Out Mode (FIFO)

The primary function of FIFO mode is to minimize the utilization on any one compressor. This control strategy is commonly
used with air cooled reciprocating compressors. Note: FIFO is not designed as an energy efficient mode of operation.

Tables and the Pressure Schedule

The X4l is equipped with a real-time clock feature and pressure schedule functionality. The pressure schedule function
can be used to provide enhanced system automation. The X4l operates based on settings that are configured into one of
three tables. Each table defines the operational settings and sequence control mode of the X41. The X4l can be instructed
to change among the tables at any time based on the configuration of the pressure schedule. This functionality allows the
X4l to switch among multiple different system configurations without any disruption to control. This is particularly useful
in the case of shift changes, or weekends when the system is to be deactivated.
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Priority Settings

Priority settings can be used to modify the rotation sequence assignments. Compressors can be assigned a priority of 1 to 4,
where 1 is the highest priority. Any compressor can be assigned any priority and any number of compressors can share the
same priority. Priorities allow you to set up rotation groups. All compressors that have the same priority number will rotate
inside their own group. The group with the highest priority will always be in the front of the sequence.

Pre-fill

The pre-fill feature provides an energy efficient method of increasing pressure to normal operating levels upon system start.
This feature avoids the inefficient potential for all compressors to start and load in an attempt to quickly get the system
pressure up to normal levels.

Packaging
The following components are included with the X4l (control cable is not included)
< Ingersoll Rand system automation X4l mounted in a NEMA 4, IP65 enclosure
< Pressure transducer
* Quantity 4 IR-PCB’s
= 100 ft. of IR-PCB to compressor interconnect wire
e Mounting brackets and connectors
= Operator’s manual
* Quick set-up guide
» Application and compressor interconnect guide

Installation

The X4l is a self contained and independently powered unit, mounted in a NEMA 4, IP65 control enclosure. The enclosure
is protected by Ingersoll Rand’s standard powder coated finish. A separate 115/230V, 60/50 Hz power supply must be
provided to the X4l. If power is interrupted to the X4l but not the compressors, the compressors will revert to local control.

Pressure Transmitter

A single pressure transducer is provided and must be installed at a stable point in the air system. The pressure sensing point
should be chosen carefully. It should be free of flow restrictions, excessive pressure drops and excessive demand surges. A
common receiver tank is an excellent choice. The pressure transducer can be located up to 330 ft. (100 m) from the X4l.

Compressor

Compressors will be connected to the X41 through the supplied IR-PCB. The IR-PCB is designed to interface with the X4l using
a 7-conductor shielded cable or individual wires run through grounded conduit no greater than 330 ft. (100 m) in length. The
IR-PCB will then be wired into the Intellisys® Controller, the compressor's pressure switch, or the appropriate terminations for
other microprocessor based compressors to provide the load/unload signal.

Auto Start and Stop

Automatic Start & Stop is required on each compressor to receive the full energy savings benefit of the X4l. The X4l will not
have direct control over the auto start/stop function of each compressor. A compressor will stop if it meets its criteria for
doing an auto stop, which is set on the individual compressor. A compressor would then restart if it received a load command
from the X4l. The compressor will start unloaded. Units without the auto start/stop function will run unloaded until the load
command is received.
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