























Primer - Vibration Control Strategies for Reciprocating Compressors 26

This service can include any or all of the following five different options when evaluating the compressor station’s
system performance:

4.2.1. Validate Capacity/Performance For New or Modified Compressors

During a project, the packager utilizes the compressor's OEM performance program to size the unit over the various
conditions. As already discussed , generic assumptions are made regarding pressure drop, pulsation effects on the
performance, losses through the cooler, etc. This assured pressure drop can result in as much as +/- 15% error in
performance predictions. Many customers find out that the unit will not meet the required specification once the
system piping is considered. Note that customers want to avoid both positive and negative variances.

Figure 4.2 is an example that illustrates the
variance between actual performance (SPM)
vs. the assumed performance (based on OEM
program and generic pressure drop
assumptions). This is a 6 throw, 4000 HP
compressor. In this project, the variance was
-2% to +4.5%. At condition 3, the production is
off -2%, resulting in $7 million reduction in
throughput (per year).

The SPM™ software evaluates the entire
system, including all the dynamic losses and
at all operating conditions. This identifies the
variance between the assumed performance
and the actual system performance. If the
performance does not meet the required
specification, changes can be made prior to finalizing the design.
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Figure 4.2: Identify Capacity Variance (Actual “System’
vs. Initial Assumptions) Using SPM Analysis Software

4.2.2. Optimize the Compressor Design Comparison of 2 Alternatives

API 618 recommends that owners consider life cycle
costs and improved efficiency in the compressor
design.

The SPM™ analysis can be used to evaluate different
designs and optimize the solution. The optimal design
balances economics, performance, vibration and
other key variables. Improving the throughput, by
even a small amount, can have a significant financial
benefit to the owner.
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In this example (Figure 4.3), BETA compares two
compressor designs. The goal is to identify which

) e Figure 4.3: Compressor Design Optimization
option has the optimized performance and generates

Using SPM Tool
additional financial returns. The chart illustrates the
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difference between the two alternative designs and illustrates the incremental capacity (in %) for the key operating
conditions. The owner can then assess the economics based on the improved throughput. In this case the data is
confidential, but we can say the incremental revenue is many $ million/year.

4.2.3. Model The Entire Operating Envelope

For pipeline applications it is critical to model a wide variety of conditions, including future design scenarios. In the
past this was often difficult and very time consuming.

With BETA’'s new SPM™ and Dataminer™ programs, it is now much faster and more cost effective to model the
complete operating envelope (which typically means over 100 different operating conditions). Evaluating the entire
operating envelope will greatly improve the overall reliability of the package.

4.2.4. Evaluate Multiple Compressors at a Station

BETA can analyze multiple compressors and evaluate the
interaction of the different units. We have completed projects with
over 20 units at one compressor station (note that there is no limit to
the number of units we can include in the model). This capability is
required for evaluating different combinations of compressors
operating “on line” or “off line”. Figure 1.4 shows a facility with
multiple units; typical of the projects we regularly work on.

4.2.5. Integrate System Performance Data in the Control
Software

Figure 4.4: Beta’'s Software Effectively
Models Multi-unit Compressor Stations

The compressor’s performance characteristics can be imported into
the PLC or compressor control system (for the entire operating
envelope). This enables operators to run the units more efficiently
and generate higher throughput.

BETA makes the process easy, as we are able to create our performance model from a variety of sources. Typically,
the packager provides performance runs for our modeling purposes. For older units that are being modified, the
original performance runs may not be available. In these cases we can usually obtain the required information from
HP curves, etc., or by contacting the OEM on behalf of the client.

The SPM™ and Dataminer™ analytical tools are unique to BETA, and provide better decision making information for
customers operators.
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5. Summary

5.1.

Vibration Control — Must be Specified

To avoid vibration and reliability problems, include a specification for pulsation/vibration study with the compressor

package bid documents. For a generic specification on Design Approach 2 or Design Approach 3, visit

www.BetaMachinery.com.

5.2,

Scope of Vibration Analysis

The following elements can be included in a vibration study. Contact Beta, info@BetaMachinery.com, for advice on
what elements are recommended for your specific application.

Pulsation and

Design Approach 2 (DA2): pulsation analysis and basic
mechanical review.

Design Approach 3 (DA3): pulsation analysis and detailed

Large units (typically
over 500 HP) and
important applications

Mechanical i X ) ) - fer to risk rati
Analysis mechanical analysis to identify and resolve mechanical (refer to ris raylng
vibration. In some situations, a Forced Response Study is ~ chart on BETA’s
required to calculate vibration and stress amplitudes. website).
Assess torsional system (crankshaft) to avoid vibration and .
Torsional failures. Sizing recommendations for couplings, flywheel, Required for new
Compressor Vibration and other components. design, or if new load
: step, operatin
Sl FEEEE Analysis Optional: Forced Response Analysis to assess stress con%itign etcg
amplitudes T
) Pipeline, midstream,
Evalugte prc_>p_osed compressor system to improve injection withdrawal
Compressor capacity, efficiency, and reliability (and reduce pressure applications.
Design drop and fuel gas). System Performance Model used to
Optimization assess total pressure drop across the piping system, and Other compressors
™ when customers want
at all conditions.
to reduced losses.
Piping . .
- Predict cooler nozzle loads and piping stresses from
A Flexibility . . When coolers are
Piping (Thermal) thermal cycles, static pressures, weights, and bolt-up located off the skid
. strain. ’
Analysis
D.V”a'T“C Evaluate skid design to avoid vibration and resonance e c_>pt|m|ze the,Sk'd
. Vibration roblems design and avoid
Skid Analysis P ' resonance.
Lifting, Loading Evaluate stresses due to lifting, loading, transportation, etc. ~ For new skid.

Foundation/
Offshore
(Platform or
FPSO)

Dynamic
Vibration
Analysis

For foundations or structure, provide recommendations to
avoid resonance and vibration problems. Ensure study
includes stress and vibration predictions.

For any offshore
application or large
land based foundation.

On site Start
Up

Baseline
Vibration
Check

Baseline should be performed soon after start-up. Check
vibrations on frame, driver, piping, skid, and base. Spectral
data, waterfall, speed sweeps and ODS analysis are
methods used to identify problems. Option: Compressor
Performance Analysis also available.

Good practice,
especially for large or
critical applications,
and for remote
locations.

If you have any additional questions, please contact the helpful staff at Beta Machinery Analysis, or see the resources

available on our web site, www.BetaMachinery.com.
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