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ENERFLEX

Control Scheme--RC2000 Engine Drive, Reciprocating Unit

The RC2000 Control system is used to monitor, control and protect the engine and compressor
package. All shutdowns, alarms, start-up and shutdown sequences, as well as speed, bypass, and
suction control are performed by the control system. This includes the automatic depressurization
on shutdown, prelube sequence, auto crank sequence, engine warm-up, loading, and auto cooldown.
Password protected adjustable timers and analog settings are accessible from the Settings button.
This allows easy access to the various timers and settings for parameters such as minimum prelube
time, prelube permissive pressures, minimum load RPM, maximum load RPM, crank time, crank
cut out, etc.

Start-up and Shutdown Sequence
When the unit is first powered up, the RC2000 Controller records the power loss, initializes all the

1/0 boards, and proceeds to the ‘Shutdown State’—State 1. Any time the unit is shutdown (either
due to a shutdown or by pushing the Stop or Auto Cooldown button) the system goes to State 1.

State 1 - Shutdown State

In State 1, all the discrete outputs are turned off immediately except the ignition. The ignition is
turned off after the Ignition Off Timer has clapsed. The analog (variable) outputs are forced to a
value of zero. This effectively closes the suction valve, opens the bypass valve, and forces the
governor to minimum speed (providing the governor is set up properly). All the PID control loops
are turned off except the Louver controls.

Any time there are active shutdowns, the name of the shutdown will appear on the 2nd line of the
LCD screen. The Reset button must be pushed to clear any shutdowns. Of course the shutdowns
will only clear if they have gone from a Fault to Healthy state. Once ALL the shutdowns have been
cleared and the Reset button is, the message “OK to Start Compressor” will appear—State 2.

State 2 - OK to Start Compressor

To start the unit, the operator must push the Start button. A choice of /1] Auto Crank, [2] Manual
Crank, or [Enter] Exit (Cancel Start) will appear when the Start button is pushed. Typically the
Auto Crank is selected; however, if Manual Crank is selected, the operator will have to push the
Start button once the unit is ready to crank (explained in more detail later). As soon as option [1] or
[2] is selected the controller advances to the next state.
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State 3 - Setting Startup Pressures

This state is broken up into two parts: the Auto Pressurize, and the Auto Depressurize. These are
activated from the Settings button, by selecting [9] Start Pressures menu and then selecting either
[3] Auto Pressurize or [4] Auto Depressurize or both (explained below).

To activate the Auto Pressurize sequence, option [3] Auto Pressurize must be in the ON position
and either an auto Suction Control Valve or an auto Purge valve is required. Typically this is done
with the auto Suction Control Valve. If this is activated, the controller will insure the suction
pressure is above the minimum start pressure. This value is entered from the Start Pressures menu
by selecting /1] Minimum Pressure and entering a value, then press enter again. A password is
required to change any of these values.

To activate the Auto Depressurize sequence, option [4] Auto Depressurize must be in the ON
position and an auto Blowdown Valve is required. If this is activated, the controller will insure the
suction pressure is below the maximum start pressure. This value is entered from the Start
Pressures menu by selecting /2] Maximum Pressure and entering a value, then press enter again.

Once the suction pressure is above the Minimum Start Pressure and below the Maximum Start
Pressure the controller will advance to the Prelube State.

State 4 - Prelube State

The Prelube State turns on the engine and compressor prelube pumps. Both the Engine and
Compressor prelube pumps run a minimum of Min Prelube Time (typically 10 seconds). Wait for
the engine oil pressure to be greater than Engine Oil Perm and the compressor oil pressure to be
greater than Compressor Oil Perm—advance to the OK To Crank sequence. If this is not achieved
within the Prelube Failure Time—GO BACK TO STATE 1.

State 5 - OK to Crank & State 6 - Engine Cranking

When option /1] Auto Crank is chosen above, the Auto Crank Sequence is initiated. This will
initiate the crank solenoid, wait for 20 RPM, turn on the ignition, followed by the fuel gas solenoid
(after the Fuel On Delay Timer has expired—typically 3 seconds). The Auto Crank Sequence now
cranks for the Crank on Time (typically 25 seconds), if the engine does not start: it will turn off the
crank solenoid for the Crank OFF Time (typically 8 seconds). The unit will continue this cycle
(Crank On/Crank Off) until the Maximum Crank Time has expired (typically 120 seconds) or until
the unit starts. The fuel gas solenoid gets turned off whenever the crank button is turned off AND
the RPM is less than 200 RPM. The crank solenoid will continue to be turned on until the RPM
exceeds the RPM Crank Cut Out (typically 250 RPM). All of these timers are adjustable in the
Crank Settings and Fuel/Ign Delays menu under the Settings button. Once the engine RPM
exceeds 600 RPM the unit advances to the Unit Warm Up Cycle.
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If /2] Manual Crank is chosen, the controller waits for the Start button to be pressed, waits for 20
RPM, turns on the ignition, followed by the Fuel Gas solenoid (after the Start Purge Timer has
expired). In this case, the Start button is a momentary switch so as soon as it is released the Crank
solenoid will be turned off. The operator has the ability to manually determine the crank on time
and time between cranks. The Fuel Gas solenoid gets turned off when the Crank is released AND
the RPM is below 200 RPM. Once the engine RPM exceeds the Underspeed setpoint (typically 600
RPM) the unit advances to the Engine Warm Up Cycle.

State 7 - Unit Warm-up Cycle

Once in the Unit Warm up Cycle a Suction Start-up PID (low setpoint) is turned on to insure
minimal suction pressure is maintained and the RPM PID is turned on and set to Idle RPM
(typically 800 RPM). At the same time, the controller starts the Maximum Warm-up Timer
(typically 600 seconds), waits for the Minimum Warm Up Timer (typically 30 seconds) to expire
and then waits for the Jacket Water Permissive (typically 60 °C ) and Compressor Oil Temperature
Permissive (typically 20 °C) to be satisfied. Once both the minimum time and permissive
temperatures have been achieved, the controller advances to the next state and starts to load up the
unit. The above fimers and temperature setpoints can be adjusted from the Warm Up menu under
the Settings button. If the temperature permissives have not been achieved within the period of the
Maximum Warm-up Timer, the start sequence will abort and go back to State 1, the Shutdown
state. During this state, if at any time the Suction Controller is put in manual, this will shut off the
Suction Start-up PID (this is so it is not fighting the manual operation of the Suction Controller).

State 8 - Compressor Running

Assuming all the PID controllers are in Auto Mode, the unit will start to load. In the Load
Sequence the controller first ramps up the engine speed to Minimum Load RPM (typically 1050
RPM on a 1200 RPM engine). This is done by putting in a speed setpoint S0 RPM above the
Minimum Load RPM. Once the Minimum Load RPM is achieved, the setpoint is set to Minimum
Load RPM. At this time, both the Suction Control PID and the Master PID are turned on and the
Suction Start-up PID is turned off. The Master PID is set up so that as long as the suction pressure
is above the Suction Pressure Override and the final discharge pressure is below the Discharge
Pressure Override the unit controller will gradually close the Bypass Valve, and ramp the speed up
to full RPM. Note: Once the Bypass Valve is 100% closed the Master controller adds an offset value
to the Discharge Pressure Override and subtracts an offset value from the Suction Pressure
Override only on the Bypass PID. This is to prevent the Speed PID and the Bypass PID from
fighting each other. Both the Suction Pressure Override and the Discharge Pressure Override are
adjustable from the Master Load Control button. This is explained in detail in the Operators Manual.
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SHUTDOWN SEQUENCES

The RC2000 Controller has the conventional Class A, B, and C shutdowns as well as a Class D, and
Class E (explained below). Class A shutdowns are always active, Class B shutdowns get activated
after the unit is up and running and the Class B timer has expired (typically 120 seconds). Class C
shutdowns are only active once the initial setpoint has cleared (i.e. Low Suction Pressure-the
shutdown becomes active once the suction pressure climbs above the setpoint). In the RC2000
controller, Class C shutdowns can also have an overriding timer such that if the value does not
exceed the shutdown setpoint within a certain time it will activate the alarm or shutdown. Class D
shutdowns must be healthy to start, and then bypassed after start and during normal running (i.c.
temperature permissive). Class E shutdowns must be satisfied to start, but are bypassed for a timed
period after start (used for oil level shutdowns).

Three types of shutdowns are built into the control logic as standard: Auto Cool Down Stop;
Sudden Stop; and ESD. They are all described below.

Sudden Stop

A Sudden Stop shutdown at any time will force the unit back to the State 1 - Shutdown State. At
this time all the discrete outputs are turned off immediately except the ignition. The ignition is
turned off after the Ign Off Delay Timer has elapsed. The analog (variable) outputs are forced to a
value of zero. This effectively closes the suction valve, opens the bypass valve, and forces the
governor to minimum speed (providing the governor is set up properly). All the PID control loops
are turned off except the Louver controls. A postlube sequence is initiated if the unit was in the
Warm-up or run state. This sequence turns on the lube pumps until the Post Lube Timer has expired
(typically 120 seconds). The Post Lube Timer is adjusted from the Post Lube menu and the Ign Off
Delay Timer is adjusted from the Fuel/Ign Delays menu, all under the Settings button.

Auto Cool Down Stop

The Auto Slowdown sequence is used to gradually unload the compressor package and let in run
unloaded for several minutes prior to shutting down the package. The Auto Slowdown sequence is
initiated by pushing the Stop button and answering [1] Auto Cool Dewn Stop when the controller
asks if you want to perform the action. Most of the shutdowns in the RC2000 are set to Aute Cool
Down. Each of the Auto Cool Down shutdowns also have an offset number that works as follows:
if the process value continues to exceed the shutdown setpoint by this offset value, this will cause a
Sudden Stop shutdown (ie. A Jacket Water shutdown is set @ 96 °C with a 2°C offset—in this case
if the temperature climbs to 98 °C it will terminate the Auto Cool Down sequence and stop
immediately). The offset is an added safety feature built into the Auto Cool Down.

The following events happen when the Auto Slowdown is initiated: 1) The Master PID control is

turned off; 2) the RPM is ramped down to Minimum Load RPM, 3) the Bypass Valve is gradually
opened, and; 4) the Suction Valve is gradually closed. Once the Bypass Valve is fully open and the
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Suction Valve is fully closed, the engine will be slowed down to idle speed. Wait for approximately
3 minutes and then shut down the unit as per above. (refer to above shutdown sequence).

ESD Shutdown

An ESD shutdown acts identical to a sudden stop with the addition on a block and blowdown
sequence. This effectively stops the machine, close the Suction and Discharge ESD valves (also
Utility ESDs if applicable), and opens the Blowdown valve. It also turns off the ESD status. The
postlube sequence will still carry on in an ESD shutdown.

SUBROUTINES

1)

Manifold Pressure Override

The Manifold Pressure Override sequence uses the Suction Control Valve to control manifold
pressure. On a V-type engine, there is a Left Manifold Pressure Override PID and a Right
Manifold Pressure Override PID. Four setpoints are used: Left Manifold Override On; Left
Manifold Override Off; Right Manifold Override On, and; Left Manifold Override Off. These
are all adjusted from the Manifold Override menu under the Settings button. Whenever the left
or right manifold pressure exceeds the Override On setpoint, the main Suction PID is turned off
and either the Right or Left Manifold Pressure Override PID is turned on depending which of the
manifold pressures exceeded the Override On setpoint. A message will appear on the display
stating either “Left Manifold Override” or “Right Manifold Override” depending which override
is active. The control setpoint for these Override PID’s are usually set very close or equal to the
Override On setpoints. This prevents cycling back and forth between suction pressure control
and manifold pressure control. The Override PID (right or left) will be turned off and the
Suction Control PID turned on when the manifold pressure drops below the Override Off
setpoint for the corresponding Override PID.

Remote Idle or Unload (optional)

The Remote Idle sequence is used to gradually unload the compressor package and let in run
unloaded (on full bypass) until the Remote Idle is turned off. The unit will gradually load up
and go back to normal operating condition when the Remote Idle is turned off. The Remote Idle
sequence is initiated remotely via the RS 485 using the Modbus RTU protocol or can be set up to
be activated from a hard wired discrete input. The following events happen when the Remote
Idle is initiated: 1) The Master PID control is turned off; 2) the RPM is ramped down to
Minimum Load RPM; 3) the Bypass Valve is gradually opened, and; 4) the Suction Valve is
gradually closed. Once the Bypass Valve is fully open and the Suction Valve is fully closed, the
engine will be slowed down to idle speed. Wait until the Remote Idle is turned off and then
essentially reverse the auto slowdown process to load the engine up again. This involves
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ramping the speed up to the Minimum Load RPM, turning on the Master Control PID (closes
the Bypass and ramps the engine speed to full RPM unless a suction or discharge override
exists), and turns on the Suction Control PID.
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