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October 24/25 2013Training Workshop

EFRC Training Workshop 
Design and operation of 

reciprocating compressors

Condition Monitoring
Gaia Rossi – GE Measurement & Control

Topics

• Typical Malfunctions
• Measurements and Locations
• Vibration
• Rod Position
• Cylinder Pressure – Rod Load and Reversal
• Temperatures
• Examples

Training Workshop
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Recips in Industry

Offshore 
Production 
Platform

LNG 
Receiving 
Terminal

LNG 
Production 

Plant

Petrochemical PlantRefinery

Oil/Gas Field

Reinjection 
Plant

Oil/Gas 
Treatment 

Plant

Gas/Oil 
Boosting 
Stations

Gas Storage 
Plant

Typical Problems with Conventional Recips

In case of unscheduled downtime, cost 
of lost production can be of 100k’s EUR 
per day. An advanced monitoring system 
allows early malfunction identification, 
helping plant personnel making more 
informed decisions and schedule 
maintenance optimally based on 
evaluation of machine conditions.

Typical Maintenance costs of Recips (%) Causes of failures on Recips (%)
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for Diagnostics / Analysis

Measurement Types and Locations
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Recip Vibration - Frame
• It is the response of the system to dynamic loads:
• Gas load 
• Reciprocating/rotating mass unbalance 
• Gas unbalance

Typical frame vibration (velocity) spectrum

Increase of periodic forces (mainly 1X … 10X) due to 
excess or unbalanced load, inertial imbalance, loose 
foundation. Sensor output in Velocity is used for best 
frequency response.

Reciprocating Compressor 
Vibration

Frame Vibration

Crankshaft Bearings

• overload, clearance

Gas Pressure Pulsations

• acoustic resonance

Piping Vibration

• mechanical resonance

Crosshead Vibration

Crosshead Pin, Bushing, Shoes

• excess clearance

Liquid Ingestion Events

• abnormal valve action

Piston, Cylinder Liners

• looseness

Valves

• sticking

Component malfunctions or failures produce detectable vibration 
at the frame, the crosshead guide or the cylinder
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Frame vs. Crosshead Vibration

Failures developing at the running gear or cylinder assembly 
due to liquid/debris carryover or loose components 
(piston/nut, crosshead/nut, liner) manifest themselves with 
impacts transmitted at the crosshead. 
Frame velocity monitoring does not allow early malfunction 
detection and major secondary damage may occur before 
high frame vibration alarm is announced. API 618 
recommends high frame velocity as shutdown parameter.

Liquid Ingestion 
Damage

Crosshead and Cylinder Vibration

Accelerometer

Accelerometers are best suited to detect impact-type events 
typically occurring at crosshead guide and cylinder, generating 
higher frequencies vibration
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Vibration Monitoring vs. Impact 
Monitoring

The response to impulse events as valve operation and 
mechanical knocks results in peaks and ring-down profile 
producing non-stationary content in vibration.
Crosshead vibration measurement  detects response to 
impulsive events as generated by developing faults as 
fractured or loose components.

Vibration waveform, stationary signal, motor bearing Vibration waveform, non-stationary signal, 
reciprocating compressor crosshead

Rod Position / Vibration
Rider band condition, crosshead or piston 
looseness, impacts (1 or 2 probes)

Rod Drop 
(If properly applied) provides indication of 
rider band wear

Hyper Plunger Position / Vibration
Indication of Bending Force, Packing 
Condition, and Crosshead Shoe Wear –
Typical protection parameter

Piston Rod Vibration
Proximity Probe Transducer

Piston Rod Position

Plunger position plot 
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Rod Drop – Getting it right
In order for rod drop measurements to be effective, some basic 
assumptions in the measurement should be satisfied:
• The distance measurement made at the pressure packing 

case changes in direct proportion to the change in rider band 
wear.

• Gravity is the predominant vertical force acting on the piston 
rod assembly.

• Rod flex is negligible compared to the amount of rider band 
wear being measured (rod length/rod diameter ratio).

• Operating temperature of the piston is relatively constant.

Rod Drop Trend - Process Change
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Cylinder Pressure
Monitored parameters
• Degrees of Rod Reversal (API 618)
• Peak Rod Tension & Compression
• Suction and Discharge Pressure
• Maximum and Minimum Pressure
• Compression Ratios
Key benefits:
• Forces at Crosshead Pin (Rod Load)
• Suction & Discharge Valves Condition
• Piston Rings Condition

Cylinder Pressure Analysis 
Displaced Volume Domain

Discharge Valve Leak at Crank End Chamber, measured Pressure (blue) 
and expected Pressure (red) in Displaced Volume domain 

Calculated Performance Parameters
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Piston Rod Load

Gas force, inertia force, and combined force vs. crank angle

Gas pressure and reciprocating 
masses place the piston rod under 
alternating tensile and compressive
forces.

Rod load curves are also a key 
element for diagnosis of loose 
components, enabling 
localization of knocks and 
impacts along with vibration data 
in diagnostic software

Reciprocating Forces at Piston Rod

Rod Load – How is Monitored
Gas Load: cyclic horizontal 
force caused by the pressure of 
process gas on the piston, 
measured with cylinder 
pressure transducer

D2D1

Gas Pressure Gas Pressure

Inertial Load: cyclic horizontal force 
caused by acceleration of reciprocating 
components (piston, rod, and crosshead), 
calculated

Reciprocating Masses

Combined Rod Load (def. API 618)

Fi = m*a

Fp = P*A

Fc= Fp + Fi

Manufacturers provide values for 
maximum acceptable Rod Loads for 
each compressor (API datasheets).
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Combined Load (normal loading)

Red curve – Inertial Force
Blue curve – Gas Force
Green curve – Combined Force (Gas + Inertial Force)

Rod Load Reversal Monitoring
Rod load reversal is the periodic shifting of piston rod load from 
tension to compression during a complete stroke. Rod load reversal 
is a critical parameter for crosshead pin and bushing lubrication.

Rod Reversal Trend and PV during Suction 
Valve Leak Development

Tensile Force on Rod Compressive Force on Rod

Lubricating Oil
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Loss of Rod Load Reversal

Loss of reversal and of 
xhead pin lubrication 
and consequent 
overheating due to 
discharge valve failure

Temperature Measurements
• Main Bearing

• Cylinder Valves

• Crosshead Guide Shoe

• Packing Vent/Packing Case

• Wireless Connecting Rod Bearing 
and Crosshead Pin
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Example
H2 Unit – Suction Valve Leakage

Three reciprocating compressors provide hydrogen for the catalytic cracker 
in a major US refinery. In order for the unit to run at full output, all three 
compressors must run simultaneously. The loss of one machine results in 
a 20% loss in production.

At midnight on May 1, the crosshead
vibration (overall acceleration) on the
third-stage cylinder changed from
approximately 1.3 g’s to over 2.5 g’s.

The monitoring system activated the Alert
Alarm.

The event
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The load curve showed only 55 degrees of reversal, and there was a large
difference between the magnitudes of the peak tension and the peak
compression,12,000 psi versus -92,000 psi. As the degrees of reversal
decrease and the difference between tension and compression increases,
the life of the crosshead pin bushing is reduced.

Rod Load curves

The head end (HE) curve, with sharp corners on the PV curve, indicates a
cylinder in good condition. The crank end (CE) curve shows a rounded
heel near bottom dead center (BDC). In cases of severely leaking suction
valves or pressure packing cases, the pressure developed by the piston
cannot keep up with the leak, resulting in the rounded corner of the PV
curve. The theoretical reference curves, usually closely follow the actual
PV curves. The significant disparity between the crank end theoretical and
actual curves supports the same diagnosis.

PV diagrams 
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Suspecting either a leaky suction valve or leaky pressure packing case,
engineering then examined the temperature trends from the cylinder
valves and pressure packing cases. At approximately midnight on May 1st,
the temperature trend for the crank end suction valve showed a sharp rise,
indicating a malfunctioning valve This timing corresponded with the high
crosshead vibration noted.

Temperature trends

Analysis Conclusions
Analysis of the rod load, cylinder pressure data, 
and vibration data showed that, in this condition, 
the running gear (crosshead, connecting rod, and 
crankshaft) of the compressor was stressed. Since 
action needed to be taken to correct the valve 
problem before further damage occurred in the 
running gear, maintenance scheduled the machine 
for shutdown for repair.

The outage occurred during an off-peak
period and required approximately
four hours of repair time.
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Results

When maintenance replaced the damaged concentric valve, they
discovered that one of the rings in the valve had failed.

Results

With the new valve installed, the vibration on the crosshead dropped 
below the level before the malfunction.
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Results

Pressure-Volume curves as expected.

Diagnostics – Correlation of 
Vibration and Rod Load

Correlation of events in the crosshead acceleration with events in 
the rod load curves allow diagnosis of mechanical looseness
Cylinder pressure measurement is essential, not only for 
performance evaluation, but to monitor machinery stress and to 
support vibration analysis

Rod load Curves and Crosshead Vibration, 
synchronized sampling
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Piston Looseness Detection

• Crosshead acceleration normal conditions 0.5 g pk
• Diagnostic alarm “Alert - Piston Looseness” 0.8 g pk
• Diagnostic alarm “Danger - Piston Looseness” 1.2 g pk
• First Alert  was four weeks before the protection alarm (2 g pk)
• Inspection: broken roll pin, loose nut

Rod Load and Crosshead Acceleration before  first Diagnostic Alarm and After Protection Alarm, Crosshead Acceleration Four Week 
Progression

Discharge Valve Failure and 
Debris Ingestion

Pressure and 
crosshead 
vibration analysis

Cylinder pressure, unfiltered crosshead acceleration –
Crank End discharge valve failure progression
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Conclusions

Condition monitoring of reciprocating 
compressors requires dedicated 
technologies

Specific measurements complement each 
other to create a complete picture of 
machine condition

Technologies for monitoring 
vibration, pressure, and rod load are 
key for machinery protection while 
advanced diagnostic tools provide 
plant personnel with early 
malfunction identification, avoiding 
secondary damage, unscheduled 
downtime, and production loss.

Thank you!

Gaia Rossi
GE Measurement & Control

gaia.rossi@ge.com

Questions???


