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Your plant needs every advantage to stay competitive in today’s tough market. CCC can help give
you the edge you're looking for through our experience in Profit Enhancement, Quality Product, and
Superior Service. These are the elements that make up our Value Triangle. This is what you get from
CCC every time you entrust your turbomachinery to our control experts.

CCC systems will help you achieve the following:

Operate closer to control limits, increasing production
Prevent unnecessary trips and downtime

Minimize process disturbances

Prevent surge, overspeed and associated damage
Automate start-up and shut-down

Operate at the lowest possible energy levels
Minimize antisurge recycle or blow-off

Optimize load sharing of multiple units
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More POWER With Better Compressor Control

Turbomachinery Control is
Our Only Business

In the complex and diversified
world of turbomachinery control,
Compressor Controls Corporation
(CCQ) is by far the best in serving the
control needs of its customers. CCC'’s
experience spans more than a quarter
of a century, across all industries: oil
and gas, power generation, chemical,
petrochemical, steel mills,
pharmaceutical, including new
construction and retrofit.

Turbomachinery control is our only
business. No company can match our
many years of hands-on experience,
wide range of successful installations
around the globe, and the
unsurpassed brainpower of hundreds
of our highly educated and well-
qualified engineers.

Dynamic Compressor
Control

An axial or centrifugal compressor
can be severely damaged if process
conditions reduce its total flow below a
minimum surge limit. Each needs at
least two control loops - an antisurge
loop to protect it from surge, and a
performance loop to regulate its
capacity. Multisection machines
require additional antisurge loops, and
additional performance loops might be
needed for load-sharing and quench
control.

Most of these loops must
decouple their actions to prevent them
from degrading each others’
effectiveness. For example, varying
the recycle flow rate will affect the new
flow and discharge and suction
pressures, potentially reducing the
precision of the performance control
loop. Thus, CCC compressor control
programs incorporate a decoupling
algorithm that counters such
interactions by adjusting any affected
control element whenever a control
action changes. This enables them to
provide more reliable surge protection
and more precise performance control.

Antisurge Control

The only way to prevent surge is
to recycle or blowoff flow to keep the
operating point away from the surge
limit. Because compressing this extra
flow entails an economic penalty, the
control system must accurately
determine how close the compressor is
to surging and then maintain an
adequate but not excessive flow rate.
Our unique combination of surge
prediction and antisurge control
algorithms protect your machines with
the smallest possible recycle rates
when recycle is required.

The surge limit is not fixed relative
to any one measurable variable.
Instead, it is a complex function that
depends on gas composition,
temperatures, pressures, speed, and
guide vane angle. Thus, the antisurge
control program calculates proximity-
to-surge using a multivariable function
that is invariant to any process change
it might encounter. Because that
function depends on which conditions
are fixed and the configuration of your
compressor, we provide a flexible
method for defining it.

The antisurge control program also
offers high- or low-limiting loops that
maintain up to three single- or multiple-
input process-limiting variables.

A performance control application
can regulate simple pressure or flow
measurements, the compression ratio,
or a pressure- and temperature -
compensated mass flow. It can also
implement high or low limiting loops for
up to three single- or multiple-input
variables.

In addition to decoupling its output
from and coordinating start-up and

shut-down sequences with
those of designated antisurge
and performance control
applications, its pressure
override control response use
the recycle valve to more
quickly counter capacity
control deviations and
minimize deviations from
setpoint. For example, a
performance control
application controlling an air
compressor’s discharge
pressure can reduce a severe
overpressure by indirectly opening the
blowoff valve.

For turbine-driven compressors,
the controller the performance
controller can vary the speed set point
of the turbine’s speed or fuel control
application; suspend its automatic
actions when the turbine control
application is limited, in manual, or
otherwise unable to vary the train
speed as needed to maintain the
desired compressor throughput; and
coordinate start-up and shut-down
sequences.

CCC control systems implement
any required antichoke control features
as optional function blocks within the
antisurge control program. More
specifically, applications of that
program can be configured to register
an alarm, prevent manual increases in
the recycle flow rate, and close an
antichoke valve (if available) as the
operating point approaches the
choke limit.

Performance Gontrol

CCC performance controllers offer
unique features that differentiate
them from general-purpose
process controllers. These features
are:

m Calculation of the capacity control
variable from multiple inputs

= Limiting loops that can override
the capacity control response to
keep critical process conditions
within acceptable bounds

= [ntegration with the compressor’s
antisurge, speed, and other
controllers

m | oad-sharing control functions for
multiple compressor networks

Loadsharing

Networks of two or more
compressors are often used to achieve
higher flow rates or pressures than can
be obtained from a single machine.
Stable, efficient control of such
networks require a deterministic
method of distributing the total load.

In a parallel network, a single
process flow is split between two or
more compressors. Both must operate
at the same compression ratio, but
their relative mass flow rates can be
adjusted.

In a series network, one
compressor discharges to the inlet of

another. Both must operate at the
same mass flow rate, but their relative
compressor ratios can be adjusted.

CCC control systems use a station
(or master) application of the
performance control program to
coordinate the actions of each
compressor’s antisurge and
performance control loops, using our
patented compressor load-sharing
algorithms. This station controller
indirectly regulates its capacity
variable (discharge pressure, for
example) by sending its control
response to the secondary control
applications.

Each secondary application
multiplies the capacity control signal
from the master by a gain which varies
with the corresponding compressor’s
proximity to surge. For example, if
discharge pressure is too high, the
performance control loops close their
throttling valves and the antisurge
control loops open theirs. This yields
an immediate pressure reduction.

Each application adds this
variable-gain response to its standard

output calculation. However, the
performance control applications base
their PID response on the
compressor’s distance from surge,
using a set point selected by the
master. This drives all of the
compressor operating points to a
common distance from surge.

This method optimizes overall
process efficiency, thus avoiding
unnecessary recycle or blowoff. Load
redistribution occurs automatically,
even when compressors are being
brought on- or off-line or when their
efficiency changes (as when filters

plug up).
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Loop Decoupling

Unless their actions are
decoupled, the various control
loops regulating any given
compressor can adversely
affect each other’s
responses. For example,
varying the recycle flow
rate will affect net flow,
discharge, and suction
pressures. Enhancing the
response of the
performance controllers as
a function of antisurge
action provides precise
regulation of the capacity
control variable, and, at

Quench Gontrol

Some applications require cooling
of hot gas recycle. In these applications
quench control is needed. Closed-
loop controllers then vary the quench
flows as needed to maintain the
desired temperatures as process flow
rates and other conditions change.

CCC control systems can
implement such quench control loops
within the performance control
program, which provides not only the
required PID loop, but also the ability
to decouple from the capacity and
antisurge control actions. The flow of
coolant can thus be preemptively
adjusted as the other applications vary
the process flows under their control,
so the system can avoid rather than
react to the temperature variations that
would otherwise result.

Antichoke Control

Choke and surge occur under
essentially opposite conditions —
surge when the network resistance is
too high, choke when it is too low.
Consequently, antichoke control uses
the same control techniques as
antisurge control, but reverses their
action:

If the ratio used to calculate
proximity to surge is inverted and
normalized with respect to its value
at the choke limit.

The same open- and closed-loop
responses can then be used to close
a choke control valve just enough
to prevent stonewall.

the same time, improves
the effectiveness of
antisurge control. For multisection
compressors, decoupling the
antisurge control responses prevents
the action of one section from inducing
surge in another section of the
machine.



